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E X E C U T I V E S U M M A R Y

Background. The sustainability of the Dutch healthcare system is under severe pres-
sure. The ever increasing expenditure influences the future affordability and quality
of healthcare. Meanwhile changing demographics and increasing cases of multimor-
bidity places different demands on the healthcare industry. Whereas the demand for
healthcare increases, there is a shortage of healthcare professionals. There is a high ur-
gency to address these current challenges to be able to offer future generations access
to affordable and high-quality healthcare.

Problem. The Dutch healthcare system is based on principles of regulated competi-
tion. Whereas competition in normal markets would indeed drive innovation and lead
to higher quality and lower costs, competition in healthcare turns out to have oppo-
site effects. Healthcare providers are rewarded for increasing volume, not for adding
value. This leads to strategic behaviour of the provider to financially benefit. Value-
based healthcare (VBHC) is one of the theories which argues that providers should be
rewarded for the added value instead of the volume. While VBHC is getting widely
adopted in the Netherlands, implementation faces some barriers. One of those barri-
ers are the current healthcare information systems, which hamper outcome and costs
measurement. Despite the importance of IT in VBHC, little research is conducted on
the implementation. The need to understand the current barriers and how these could
be redesigned resulted in the main question of this research: “What are the essential
components for an IT architecture to facilitate value-based healthcare in the Netherlands?”

Research approach. The Information Systems (IS) research framework of Hevner,
March, Park, and Ram (2004) was adopted. The framework consists of three elements:
environment, knowledge base and IS research. For the first part, an exploratory approach
was used to get an in-depth understanding of the scientific and environmental context
of the problem. A literature review was conducted to analyse and synthesise the state-of-
the-art literature on value in healthcare and IT architecture in healthcare. Subsequently,
semi-structured interviews were carried out which validated the literature and brought
insightful perspectives on the problem. These research activities answered the first two
research questions. The results of the exploratory phase influenced the direction of the
design efforts.

For the second part, design activities were conducted. Another round of semi-structured
interviews was carried out to find the principles, requirements and components for
the design. Subsequently, the components for VBHC were identified using a layered
approach. The components were validated using descriptive evaluation methods and
an expert panel.

Analysis. In the literature review, it was found that interoperability is an essential
prerequisite for VBHC. A lack of interoperability impedes outcome and costs measure-
ment which is essential to determine value. The environmental analysis found several
deficiencies in the as-is architecture for VBHC which entail a lack of patient-centredness,
inaccessible or unavailable data, and complex to extract and integrate data. However, purely
focusing on the technical aspects would not lead to a successful transition as it depends
on the way actors interact with it. Analysis of the semi-structured interviews revealed
that trust and collaboration are essential to unlock the potential of VBHC. However, in
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the current situation, there is a low level of trust between stakeholders, thus hamper-
ing a transition. It was found that trust is often related to transparency and can be
managed. Increasing transparency in the architecture would allow for (i) continuous
quality improvements, (ii) improved decision-making, (iii) positive financial stimulus
and (iv) patient empowerment.

Design. The architecture aims to facilitate VBHC through integrating components
that reduce or eliminate the IT barriers and increase transparency. Taking these goal
into account, principles and requirements were derived from both literature and semi-
structured interviews. The components that are needed to facilitate a transition to-
wards VBHC were in turn based on these principles and requirements. For each archi-
tectural layer components were determined.

The overall design developed uses three types of environment. The first one is the
Healthcare Information System (HIS) where the end-users are the clinicians, the sec-
ond is the Personal Healthcare Environment (PHE) that is used by patients and the
third one is the Quality Registration System, available to all stakeholders. Outcome
indicators follow from the measurement and evaluations in the care process. On a
patient level, this can be analysed by both the physician and the patient. For learning
and improvement purposes, the outcome indicators are aggregated, pseudonymised
and extracted by the Quality Registration System. Here, data of multiple healthcare
providers are processed and provides stakeholders with the opportunity to assess the
quality of care.

Evaluation. The components were evaluated by compliance to the objectives, principles
and requirements. The most essential components to realise the principles are: the
PHE, the HIS, Quality Registry system, Clinical building blocks (Zibs), terminology
standards, a data integration centre, logging and monitoring services, measurements
and evaluations, auditing IT and care processes and an intermediary that stimulates
improvement and collaboration is suggested.

The expert panel reached a consensus that transparency in healthcare would contribute
to solving several problems, but it will not solve the core problems that lie within the
healthcare structure. Furthermore, full transparency does not facilitate trust but instead
has adverse effects.

Future research. This research has contributed to the first steps of value-based IT
architecture in healthcare. There are several areas recommended for future research.
First, the components should be evaluated with a broader expert panel to increase
the validity. Second, the PHE is an essential component, but still in its infancy. It is
recommended to further evaluate the utility for VBHC. Third, blockchain technology
might enhance the design due to its inherent characteristics that offer transparency.
Fourth, further research on the privacy-utility trade-off in the context of VBHC is rec-
ommended. Finally, interoperable systems rely on a shared and uniform language. It
is recommended to research which standards have the highest potential to facilitate the
architecture components.
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1 I N T R O D U C T I O N

The Netherlands has one of the best healthcare systems in Europe (Björnberg and
Phang, 2018, p. 26). However, being ranked amongst the best comes at a price as the
Netherlands is one of the top spenders (Bakx, O’Donnell, & van Doorslaer, 2016). In
2019, expenditure on care amounted to over 100 billion euros, which is an increase of
more than 5% compared to 2018 (Statics Netherlands (CBS), 2020a). A recent study
estimated that the sustainability balance is -1.6% of Gross Domestic Product (GDP),
and indicates that the total expenditure of the government will increase faster than
the income (Adema & Van Tilburg, 2019). This results in a deficit and leads to a
situation where future generations cannot benefit from the same governmental services
as current generations.

1.1 sustainability of dutch healthcare system
The aim of the Dutch healthcare system is to provide high-quality care that is afford-
able and accessible to every citizen. Fundamentally, the system relies on solidarity as
every citizen financially contributes to the care of others (Kooijman, Brabers, & de Jong,
2018). A well-functioning healthcare system makes an indispensable contribution to a
vital labour market, economy and society (SER, 2020). Although the Dutch healthcare
system is ranked among the best, the sustainability of the system is under pressure
(Adema & Van Tilburg, 2019; SER, 2020). According to a study of the SER (2020), there
are three dimensions that affect the sustainability of healthcare: the labour market,
financial resources, and public support.

1.1.1 Scarcity on the labour market
The Netherlands is an ageing society and almost 20% of the Dutch population are
over-65s (Statics Netherlands (CBS), 2020b). The senior citizens consume significantly
more care than the young population (RIVM, 2018). Furthermore, the life expectancy
of Dutch citizens increases gradually (Statics Netherlands (CBS), 2020c), which means
that the elderly consume more care for a longer period of time. The increasing de-
mand for care requires in turn more human resources. However, due to scarcity on the
labour market, healthcare providers are having difficulties recruiting new professionals
(Wolters, Sanne, 2020). The Ministry of Public Health Welfare and Sport (2018b) esti-
mates that there will be a shortage of 80,000 healthcare professionals in 2022. Although
the effects of the COVID-19 pandemic are not yet entirely clear, it is expected that more
clinicians are needed to restart regular healthcare services (SER, 2020).

One of the consequences of a shortage in human resources is a higher administrative
burden per person (SER, 2020). A recent survey among 3.500 dutch healthcare profes-
sionals found that 80% of the respondents experienced ‘regularly’ to ‘very often’ an
administrative burden (VvAA, 2020). Respondents indicated that healthcare insurance
companies, legislation and IT systems are the main cause of the administrative burden.
According to the respondents, the highest potential for improvements are within those
areas (VvAA, 2020).

1



1.1 sustainability of dutch healthcare system 2

1.1.2 Increasing healthcare expenditure
Rising expenditure is a common challenge in healthcare across many countries (Stepovic,
2019). According to a sustainability study of Adema and Van Tilburg (2019), the annual
increase in healthcare expenditure stems from changing demographics, wage develop-
ments and socio-cultural developments. The ageing society places a different demand
on the healthcare system in the future. Besides the fact that a growing senior popula-
tion places a different demand on the healthcare system, age also correlates with the
height of the expenses. Whereas a 70-year-old spends e6000 per year on healthcare on
average, an 80-year-old spends e13,000 and a 99-year-old spends e50,000 (SER, 2020).
At the same time, the population growth is levelling off and the number of employed
citizens - who partly generate the governments’ income by taxes - decreases propor-
tionally (Adema & Van Tilburg, 2019). Therefore, changing demographics affect the
expenditure on healthcare and threatens sustainability in the long term.

The second factor affecting healthcare expenditure are developments in wage and pros-
perity. Some literature suggests that healthcare is a luxury good on economic level
(Goodman, 2017; SER, 2020), which would mean that a 1% increase in GDP results in
a more than a 1% increase in healthcare expenditure. The Netherlands Bureau for Eco-
nomic Policy Analysis (CPB) agrees that the ‘raw expenditure elasticity’ lies between
1.4 and 1.7. However, when the expenditure on technology and insurance are taken
into account, the income elasticity is reduced to 0.6 (Mot, Stuut, Westra, & Aalbers,
2016). This indicates that a 1% increase in GDP results in an increase in healthcare
expenditure of 0.6%. Ultimately, healthcare consumption demand increases when the
GDP increases.

The third factor which affects healthcare expenditure is due to socio-cultural devel-
opments. These developments include higher quality standards and investments in
innovative technologies (Adema & Van Tilburg, 2019). For example, the recently im-
plemented General Data Protection Regulation (GDPR) demand protection of personal
data, and, therefore, healthcare providers need to adapt their processes to comply with
the GDPR which is costly in terms of time and money (Przyrowski, 2018). On the other
hand, there are investments in technologies and research which increase the expendi-
ture strongly. In comparison to the other two factors, technological developments have
a bigger share in the rising healthcare expenditure. According to SER (2020), techno-
logical developments account for 46% of the healthcare expenditure growth.

1.1.3 Public Support
To organise healthcare in the long term, public support is essential. As mentioned
previously, solidarity is the foundation of the Dutch healthcare system. Kooijman et
al. (2018) defines solidarity as “the willingness of others to pay for care treatments in the
basic package that one does not use (yet)”. The healthcare premium for the basic insurance
package contributes to the payment of healthcare for both ourselves as for others.

Although the solidarity, in general, is quite high throughout the years (Kooijman et al.,
2018), it also comes under pressure if healthcare expenditure continues to rise. The
chairman of health insurer CZ expresses his concerns in an interview (Mandemaker,
2019): “If the premium for the basic insurance package becomes so expensive that individuals
cannot, or will not, equally contribute anymore, then the core of the Dutch healthcare system is
inevitably in danger.”
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1.2 structure of dutch healthcare system
The previous section expressed the urgency of the problem. That is, the healthcare
system cannot be organised in the long term. The Dutch government has taken several
measures throughout the years to increase the quality and reduce the costs of health-
care (Kroneman et al., 2016).

One of the most important developments was the Healthcare Insurance Act in 2006,
which introduced a new healthcare structure (Kroneman et al., 2016). This structure
is based on the so-called principle of ‘regulated competition’, where the government
determines which care is included in the basic health insurance package and private in-
surance companies determine additional packages (Ministry of Public Health & Sport,
2016). The insurance companies selectively contract healthcare providers and agree on
prices and quality for healthcare services. Dutch residents have the freedom to choose
one of the insurance companies. In that way, healthcare providers, and in turn the in-
surers, gain a competitive advantage when providing high-quality care for lower prices.
Eventually, competition and market forces stimulate innovation, increase the quality of
care, and reduce the overall expenditure.

Whereas competition in normal markets would indeed drive innovation and lead to
higher quality and lower costs, competition in healthcare turns out to have opposite
effects (Porter & Teisberg, 2006). Hospitals and medical specialists are profit-oriented
companies and deliver services according to a case-based funding scheme. This fund-
ing scheme in the Netherlands is also known as the Diagnosis Treatment Combina-
tion (DTC)1, where reimbursement per case is fixed (Hassaart, 2011). The DTC in-
cludes all activities and services of the entire care process at one provider, starting
with the first consultation of the medical specialist and ending with the completion of
the treatment (Hassaart, 2011).

The market forces indeed resulted in lower prices, but not in lower costs since health-
care providers compensate by a higher volume of patients (Kroneman et al., 2016).
Sometimes the most lucrative treatment is provided, regardless if this is necessary for
the envisioned outcomes (BDO, 2018). This phenomenon is also known as upcoding
(Hassaart, 2011). In addition, healthcare providers have low bargaining power and are
dependent on the insurance companies and their agreement terms (e.g. price, volume,
quality) (van Manen, Meurs, & van Twist, 2020). This results in low-profit margins
(BDO, 2018), and only reinforces the incentive for strategic behaviour to financially
benefit. Besides increasing volume or upcoding, there exists a risk that providers are
cream skimming for profitable patients or quality skimping in which care services are
denied or delayed to save costs (Hassaart, 2011).

1.3 problem statement
The sustainability of the Dutch healthcare system is under pressure. One of the under-
lying dimensions discussed in Section 1.1is the increasing expenditure, which poses
pressure on the affordability of healthcare and has far-reaching consequences. The reg-
ulated market competition and DTC reimbursements only exacerbate the situation. As
long as healthcare providers are required to act strategically to have a positive business
case, volume and costs will continue to rise.

1 In Dutch known as: Diagnose Behandeling Combinaties (DBC’s)
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1.3.1 Transition Towards Value-Based Healthcare
Porter and Teisberg (2006) argue that the competition itself is not the problem, but the
nature of the competition is. In the current healthcare system, providers are focused on
increasing revenue and decreasing costs. Therefore, providers are rewarded for increas-
ing volume, but not necessarily for increasing value. This may result in misalignment
with patients’ interests, as they seek the best healthcare. In other words, patients desire
a maximum outcome of value. Porter and Teisberg (2006) introduced a strategic frame-
work called VBHC to restructure the healthcare system from volume-based competition
towards value-based competition.

According to Porter and Teisberg (2006) achieving the maximum value for patients
must become the overarching goal of healthcare delivery, where value can be defined
as “the outcomes achieved per dollar spent”. In the VBHC model, the individual patient
has a central position and the outcomes achieved should matter to the patient. Value
focuses on the outcomes achieved instead of volume of delivered care services (Porter,
2010b). Porter and Teisberg (2006) argue that competition based on value will lead to
improved outcomes for patients and will have beneficial side effect of reduced costs.

VBHC is seen as one of the candidate frameworks to improve the Dutch healthcare
system and contribute as a solution to the sustainability challenges as indicated in
Section 1.1 (Seoane et al., 2020). In the Netherlands, VBHC is getting widely adopted
and healthcare providers are enthusiastically carrying out projects to implement VBHC
(Mjåset, Nagra, & Feeley, 2020). Although the government, healthcare providers and
insurance companies recognise the benefits of outcome-based care (Ministry of Public
Health Welfare and Sport, 2018a; Skipr, 2016), the healthcare structure is not ready yet.

1.3.2 Knowledge gap

Porter and Lee (2013) provided a strategic framework to move towards a high-value
healthcare delivery system: (1) Organise into Integrated Practice Unit (IPU), (2) Mea-
sure costs and outcomes, (3) Move to bundled payments, (4) Integrate care delivery
systems, (5) Expand geographic reach and (6) Build an enabling Information Technol-
ogy (IT) platform 2. The first five steps should be supported by an IT platform. Feeley,
Landman, and Porter (2020) discusses the evolution of healthcare IT systems and ex-
plains the importance of IT in the transition towards VBHC. For example, IT must
facilitate access to medical data for both patients and physicians, and support outcome
and cost measurement across multiple providers.

While VBHC is getting widely adopted across the Dutch healthcare providers, insur-
ance companies and the government, the implementation faces some barriers. One
of the most important steps of the strategic framework is a supporting IT system (Al-
nofeye, Hasan, & Abstract, 2019; Feeley et al., 2020; Mjåset et al., 2020). If the IT
infrastructure is not organised in the right way, limited benefits from the other steps
can be gained (Porter & Lee, 2013). In fact, current IT systems are considered to be a
major barrier to achieving VBHC (Feeley et al., 2020). The fragmented IT landscape
impedes interoperability (Vreugdenhil, Ranke, De Man, Haan, & Kool, 2019), which is
a prerequisite for the outcome and cost measurement. While the introduction of the
Electronic Healthcare Record (EHR) helped to digitise the medical records, they are

2 A description of the strategic framework and steps can be found in Appendix C: Implementation of
VBHC.
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not designed to manage medical data across multiple institutions. Therefore, patients
leave data scattered across various organisations (R. Janssen, Stam, Visser, de Vries, &
Wijnker, 2017). Consequently, patients lose access to records easily, while healthcare
providers face the challenge of continuously updating medical data.

Despite the importance of IT in VBHC, little research is conducted on the implementa-
tion (Alnofeye et al., 2019). Many studies have conducted research on VBHC or similar
holistic frameworks, but no integrated value-based IT architectures have been found
yet. Then the question arises, what components of the IT architecture do hamper the transi-
tion towards value-based healthcare? and, maybe even more important, how could those barriers
be reduced or eliminated? In addition, the scientific literature is mostly focused on the
U.S., which may not hold for the Dutch healthcare system. Consequently, there is a
need to understand the current barriers of the IT architecture and how components
could be redesigned to unlock the full potential of VBHC in the Netherlands.

1.4 research objectives & questions
From the problem statement, it can be concluded that there is a knowledge gap in the
literature for an IT architecture that enables VBHC. The objective of this thesis is: “To
identify and design the essential components for a value-enabling IT architecture for the Dutch
healthcare system.”

The research objective will be achieved using exploratory research methods to gain an
in-depth understanding of the problem and design research methods to create an IT
architecture. The research will provide recommendations for policymakers and health-
care managers on how business processes, information flows and technology could be
aligned in order to enable a transition to VBHC. The results and recommendation may
create a starting point for an interoperable IT landscape that supports future research
and implementation of value-based healthcare. Following the research objective, the
main question for this research is:

“What are the essential components for an IT architecture to facilitate value-based
healthcare in the Netherlands?”

The research question is artifact-related and focuses on a design product rather than
a design process (Thuan, Drechsler, & Antunes, 2019). To conduct the research in a
systematic way, there are four subquestions defined:

1. What is the state-of-the-art literature of IT architecture in the context of healthcare, and
VBHC?
This subquestion provides insight into the components of IT architectures, specif-
ically for the healthcare domain. The objective is to collect and analyse the lit-
erature for theories, frameworks, methods and related works. In addition, the
concept of value-based healthcare will be further explored.

2. How is the current IT landscape of the Dutch healthcare system designed and where does
it hamper the transition to VBHC?
In order to answer this question, the current situation will be described and anal-
ysed. An in-depth understanding of the environment (e.g. people, organisation
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and technology) will be developed and the business needs will be made explicit.
This will allow the researcher to pinpoint the deficiencies in the baseline architec-
ture.

3. What components could be incorporated in the IT architecture to facilitate a transition
towards VBHC?
The barriers for VBHC identified from the research activities to answer subques-
tion 2 will be the focus of further research. This subquestion aims to find out
what components, that put together the artifact (Thuan et al., 2019), could facili-
tate VBHC.

4. What components are essential to facilitate VBHC?
The aim of the final subquestion is to assess the appropriateness of the proposed
components and evaluate to what extent these match with the business needs
and VBHC prerequisites. Although essential components for VBHC should be
essential, they should also be feasible to realise in the short or long term.

An overview of the research questions, methods and deliverables can be found in Ap-
pendix A.

1.5 relevance of research
The relevance to investigate this topic is divided into academic and managerial rele-
vance:
Academic Relevance. Although much research is conducted on VBHC and other
emerging healthcare delivery models, little research is done on the implementation
of IT. In addition, Mjåset et al. (2020) argue that information technologies provide
more opportunities to stakeholders than a couple of years ago. The existing knowl-
edge on IT architectures and VBHC is scattered and not integrated yet, and, therefore,
the research is relevant to investigate further from an academic perspective (Sekeran &
Bougie, 2016).

Managerial Relevance. On the other hand, the research is also relevant from a manage-
rial perspective since the knowledge can be applied to improve the status quo (Sekeran &
Bougie, 2016). The results and recommendations will help policymakers and healthcare
managers to gain an understanding of the IT landscape and how it could be designed
to enable VBHC. PwC Netherlands can use the knowledge and outcomes to advise their
clients in the healthcare industry or other similar contexts. This contributes to the
mission of PwC to “build trust in society and solve important problems”.

1.6 scope of research
This thesis will focus on the elements of an IT architecture in the context of the Dutch
healthcare, in light of the transition towards a value-based healthcare system. Since
VBHC is rotated around achieving value for the patient, they are the ultimate point
of focus. In addition, clinicians that provide healthcare services are end-users of the
information systems that capture outcomes and value. Besides the clinicians, insurance
companies play an important role in the transition because a true value-based health-
care system requires a financial incentive to move away from volume-based healthcare.
The scope of the research is focused on a solution that adds value for patients, providers
and insurers.



1.7 research design 7

The Dutch healthcare system is highly complex and consists of many actors and organ-
isations. Due to time constraints, this research will be limited to the curative care that
falls under the Healthcare Insurance Act (Zvw). All Dutch citizens are obligated to be
insured for curative healthcare under the Act (Kroneman et al., 2016). Long-term care
(e.g. home nursing, patients that need 24 hours supervision) is organised differently in
terms of finance and actors and will be outside the scope of this thesis.

1.7 research design
In order to achieve the research objective, a systematic methodology is required. The
aim of the research is not only to identify components but also to apply them to Dutch
healthcare for the purpose of VBHC. Therefore, an in-depth understanding of the en-
vironment is essential. In the Information Systems research framework of Hevner et
al. (2004) both the design science paradigm and behavioural paradigm are coming to-
gether. This framework will be used to understand, execute, and evaluate this research.

Whereas the design science paradigm is focused on creating and evaluating IT artefacts,
the behavioural science paradigm tries to understand and explain real-world phenom-
ena (Hevner et al., 2004). The framework consists of three components: environment,
knowledge base and design science research. Hevner (2007) establishes a connection
between these elements using cycles. The Relevance Cycle analyses the environment and
extracts a real-world problem, which can be formulated as the ’business needs’. The
Rigor Cycle ensures that ’applicable knowledge’ such as theories, methodologies and
frameworks, are drawn from the knowledge base. The business needs and applicable
knowledge together from the input for the Design Cycle, in which the artefact is built
and evaluated. After an iterative design process, the output will be fed back into the
Relevance and Rigor Cycle.

1.7.1 Exploratory Research
To capture the business needs and applicable knowledge, exploratory research methods
will be used. An exploratory approach is useful to get an understanding and explore
the nature of the problem in-depth (Johannesson & Perjons, 2014). Qualitative research
methods will be used to explore the problem and scientific knowledge. A literature
review will start the Rigor Cycle and analyse methods, theories and related work. This
research activity will answer subquestion 1. Next, the Relevance cycle is triggered by
conducting the preliminary interviews. Analysing the environment and IT architecture
allows the researcher to explicate the business needs and pinpoint the deficiencies in
the IT architecture. This answers subquestion 2.

As a result of the literature review and interviews with experts, new insights and
perspectives on the problem are gained. It is worth noticing that the answers to sub-
question 1 and subquestion 2 determine the direction of the research. Subsequently,
the in-depth semi-structured interviews will be carried out to capture the requirements,
principles, and best practices to develop the target architecture.

1.7.2 Design Science Research
Identifying essential components of the IT architecture is the heart of the research
design. The business needs together with the applicable knowledge, will be the input
for the Design Cycle. An IT architecture will be visualised. The components required
to facilitate VBHC will be designed per layer and will be the answer to subquestion 3.
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The evaluation of the components determines to what extent the design offers an appro-
priate solution to the identified problem. The selection of evaluation methods must be
matched appropriately with the designed artefact and the selected evaluation metrics
(Hevner et al., 2004). A qualitative evaluation method is used in the form of an expert
panel. Experts with various backgrounds will evaluate the components necessary for
VBHC on its importance and feasibility. By answering subquestion 4, it can be decided
whether to iterate back to the development stage. Eventually, the results are fed back
into the Relevance and Rigor Cycle.

1.8 thesis layout
This Chapter provided an introduction to the problem area and the objectives of this
research. Chapter 2 will provide a literature review on value in healthcare and IT ar-
chitectures in healthcare. Subsequently, Chapter 3 provides the research methodology
and discusses methods for data collection, analysis and designing the components for
the IT architecture. Next, Chapter 4 analyses the current situation based on literature.
Chapter 5 will analyse the semi-structured interviews. In Chapter 6 the architecture
components will be developed and presented. Subsequently, In Chapter 7 the compo-
nents are evaluated to determine the importance. Chapter 8 addresses the limitations of
this research and discusses the scientific and managerial contributions. Finally, Chapter
9 provides the conclusions, opportunities for future research, and link to Management
of Technology. The bibliography and appendices will complement this thesis.



2 L I T E R AT U R E R E V I E W & B A C KG R O U N D

A literature review is essential to analyse the existing scientific knowledge and to iden-
tify potential knowledge gaps. The aim of this literature review is to analyse and
synthesise the state-of-the-art literature on IT architectures for value-based healthcare.
First, the key definitions and theories about value in healthcare will provide a back-
ground. Second, implementation and the role of IT will be discussed. Third, a review
of the state-of-the-art literature on IT architectures in healthcare will be conducted. By
acquiring, analysing and synthesising relevant scientific literature, a knowledge gap
may be unravelled which will be the starting point of this thesis.

2.1 background: value in healthcare
The aim of this research is to identify and design components for a value-enabling
for the Dutch healthcare system. This section reports fundamental background in-
formation for the reader to understand the concept of value and VBHC. A detailed
description of value theories and frameworks is provided in Appendix B.

One of the first models that incorporated ‘value’ from a patient perspective was Evidence
Based Medicine (EBM). EBM combines scientific evidence and clinical judgement to
improve clinical decision-making (Guyatt et al., 1992). Although EBM involved the
patient’s values (Sackett, Rosenberg, Gray, Haynes, & Richardson, 1996), the provided
care was not individualised but established on population-based evidence. This may
not represent every patient, which called for a shift towards patient-centredness (Mar-
zorati & Pravettoni, 2017).

Patient Centred Care (PCC) goes beyond clinical decision making and includes the pa-
tient as a decision-maker in the care process, also known as shared decision-making
(Barry & Edgman-Levitan, 2012). Throughout the years, shared decision making got
increasingly important (Maassen, Schrevel, Dedding, Broerse, & Regeer, 2017). The
Institute of Medicine (IOM) includes PCC as one of six domains of quality in healthcare
and defines it as “care that is respectful of and responsive to individual patient preferences,
needs, and values and ensuring that patient values guide all clinical decisions”.

Although researchers agree on the fact that patient-centredness is an important dimen-
sion of value in care (Berwick, Nolan, & Whittington, 2008; Gray & Jani, 2016; Porter,
2010b; Sackett et al., 1996), consensus on a definition is still not reached yet (Marzorati
& Pravettoni, 2017). Many stakeholders define value from an economic perspective as
the ‘clinical benefit per money spent’. However, from the patient’s point of view, the term
value is much broader (Institute of Medicine (IOM), 2010). For care to add value it
must both treat the medical condition and satisfy the patient’s needs. The achieved
health status is not limited to the disease but involves also the quality of life (QoL)
(Marzorati & Pravettoni, 2017).

2.1.1 Healthcare systems Based on Value
Later, more holistic frameworks were suggested to simultaneously increase quality
in care and deal with the sustainability challenges of healthcare (Seoane et al., 2020).
Interestingly, all these theories reason from a value perspective. Value-based healthcare

9
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(VBHC), Triple Aim and Triple Value are three frameworks that discuss reorganisation
of healthcare systems. Appendix B elaborates on these three frameworks.

The scope of this study is the Dutch healthcare system. In the Netherlands, several
providers and insurance companies have already engaged in some elements of VBHC
(Mjåset et al., 2020) and therefore, it is assumed that this model is most influential and
accepted in the Dutch healthcare system. Moreover, a governmental programme called
‘Outcome-based Healthcare 2018 - 2022’ refers to elements of the VBHC framework.
For that reason, this research will mainly focus on the implementation of the VBHC
framework.

2.1.2 Value-based Healthcare
In 2006, Porter and Teisberg published their work ‘Redefining Health care’ and intro-
duced the concept of value-based competition. As explained in Section 1.3, Porter and
Teisberg (2006) argue that competition itself is not the problem, but the nature of com-
petition is. They argue that the problems the healthcare sector is facing stem from the
zero-sum competition, which can be defined as “A competition in which one participant
wins totally and another loses without gaining any objectives” (Oxford Reference, 2006). In
a positive-sum competition, on the other hand, providers would be financially stimu-
lated to deliver high-quality care in more efficient ways, which is, in turn, beneficial
for patients and payers.

Porter and Teisberg (2007) determine three guiding principles that lead to a value-
based healthcare system: (1) The goal is value for patients, (2) Organise medical prac-
tices around medical conditions and care cycles, and (3) Outcomes and costs must be
measured across the care cycle. Porter and Teisberg (2006) defines value as “healthcare
outcomes achieved per dollar spent”. By “health outcomes”, the authors mean the health
outcomes achieved which matters to the patient. Outcomes are considered beyond
the disease and incorporate also the process of recovery and the sustainability of the
outcomes (Porter, 2010b). By “costs” is meant the total costs to achieve the health
outcomes (Porter, 2010b).

A limitation of VBHC is that the definition is considered to be too narrow (European
Commission, 2019). The narrowly defined concept of value reduces the holistic concept
to a cost-efficiency question (Seoane et al., 2020). Therefore, this study will follow Euro-
pean Commission (2019) and define VBHC as “comprehensive concept built on four value-
pillars: appropriate care to achieve patients’ personal goals (personal value), achievement of
best possible outcomes with available resources (technical value), equitable resource distribution
across all patient groups (allocative value) and contribution of healthcare to social participation
and connectedness (societal value).”
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2.2 implementation of value-based health care
As described in the previous section, VBHC is one of the most used frameworks in the
Netherlands. Porter and Lee (2013) provided six independent strategic steps to move
towards a high-value healthcare delivery system, see Figure 2.1. Appendix C.1 pro-
vides a theoretical background on the implementation of VBHC and the status in the
Netherlands. This section provides a brief overview of the implementation framework
and discusses the role of IT in more depth.

Figure 2.1: The strategic agenda to enable VBHC. Adopted from Porter and Lee (2013).

1. Organize into IPU
Healthcare delivery should be organised around the patient to coordinate the care
process. An Integrated Practice Unit IPU is a multidisciplinary team that delivers
specialist care, organised around the medical condition (Porter & Lee, 2013).

2. Measure costs and outcomes for every patient
According to Porter and Lee (2013) rigorous measurement of both outcomes and costs
is necessary to improve and excel. At the core of VBHC are the outcomes that mat-
ter to the patient, which are divided into the following dimensions: (i) health status
achieved, (ii) nature of cycle and recovery, and (iii) sustainability of health. These three
dimensions are very broad and should be specified to condition-specific measurements.
The International Consortium for Health Outcomes Measurement (ICHOM) provides
standardised outcomes sets for specific health conditions and play an important role in
the adoption outcome measurement (European Commission, 2019; Mjåset et al., 2020).

On the other hand, the costs to achieve that outcome must be measured across the full
cycle of care (Porter & Lee, 2013). The cost includes all of the human resources, sup-
plies, and support services that are involved to achieve the outcomes. If care processes
for each medical condition are standardised, providers can use time-driven activity-
based costing (TDABC) to assign costs accurately (Kaplan & Porter, 2011).
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3. Move to bundled payments for care cycles
Porter and Lee (2013) describe that bundled payment - a payment tied to the overall
care for a specific medical condition provided by an IPU - would match VBHC best.
This type of payment motivates IPUs to improve efficiency and outcomes and rewards
them for excellent value achievements.

4. Integrate care delivery systems
The organisation of healthcare delivery should be matched to providers and their ex-
pertise. Overall the IPU should coordinate all the healthcare activities. To organise
delivery systems carefully, organisations must define the scope of services, concentrate
volume in fewer locations, choose the right location for each service and integrate the
care across locations (Porter & Lee, 2013).

5: Expand Geographic Reach
Porter and Lee (2013) propose to create centres of high expertise to take care of complex
medical conditions. The expertise centres are located strategically and collaborate with
smaller centres located regionally.

6: Build an Enabling Information Technology Platform
The aforementioned 5 strategic steps towards a high-value healthcare delivery system
should be supported by an IT platform (Porter & Lee, 2013). If the IT infrastructure
that is not organised in the right way, limited benefits from the previous steps can
be gained. Feeley et al. (2020) discusses the evolution of healthcare IT systems and
explains that medical data is siloed which hampers outcome and cost measurement.
For a healthcare IT system to enable value it must:

• Be patient-centred

• Use common data definitions

• Encompass different data types

• Be accessible to all parties involved

• Include specified medical condition templates

• Be easy to extract information
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2.2.1 IT & Value Based Healthcare
Alnofeye et al. (2019) researched the utilisation of IT in VBHC and found that there
are positive impacts in multiple perspectives of VBHC such as improved healthcare
outcomes, positive experience of the patients, increased efficiency of the current health
systems, and potential influence on patient safety. To stress the importance of IT, Al-
nofeye et al. (2019) argue that it is the heart of VBHC’s strategic framework.

Feeley et al. (2020) researched the implementation of IT for value-enabling IT plat-
forms. A value-enabling IT platform should include condition-based templates and
multi-disciplinary teams must be able to view medical data and outcomes. Outcome
measurement is one of the core abilities of an IT platform. Feeley et al. (2020) em-
phasizes the importance of outcomes at patient level and on an aggregated level. For
patients and physicians, outcomes are important to make informed decisions about
the treatments. On an aggregated level outcomes are important to be able to compare
results with other providers. In addition, outcomes are fundamental to value-based
reimbursement models. In fact, current IT systems are considered to be a major barrier
for achieving VBHC (Feeley et al., 2020).

Also, Seoane et al. (2020) recognises the importance of outcome measurement and ar-
gues that implementation of value frameworks can only be achieved by the availability
of accurate and valid information. Therefore, if IT is not organised in the right way,
limited benefits from the other steps can be achieved (Porter & Lee, 2013). Currently,
the EHRs are the heart of medical information within healthcare institutions. While the
introduction of the EHR helped to digitise the medical records, they are not designed
to manage medical data across multiple institutions (Feeley et al., 2020). As a result,
patients leave data scattered across various organisations and lose easily access of their
data (R. Janssen et al., 2017). Meanwhile, healthcare providers face the challenge to
continuously updating medical data and face an administrative burden. Therefore, IT
systems are considered to be a major barrier for achieving VBHC (Feeley et al., 2020).

The fragmented IT landscape impedes interoperability between providers (Vreugden-
hil et al., 2019), and, therefore, hampers outcome and cost measurement across the care
cycle. Interoperability can be defined as “the extent to which different IT systems and soft-
ware applications to communicate and exchange data with each other” (Gordon & Catalini,
2018). A lack of interoperability results in more administrative efforts, duplicated med-
ical interventions and influences the quality of clinical care due to the accessibility of
the medical history (Gordon & Catalini, 2018; The Open Group, 2016). Although most
Dutch healthcare providers nowadays offer their patients access to their EHR by the
means of an institution-based patient portal, providers can still not observe relevant
medical history nor analyse outcomes (Vreugdenhil et al., 2019).

Similar to Alnofeye et al. (2019) and Feeley et al. (2020), Mjåset et al. (2020) emphasizes
the importance of IT systems and recommends to focus on creating an integrated IT
system across multiple providers that cover the full cycle of care. Many Dutch health-
care providers and insurance companies have embraced the concept of VBHC and seek
how to improve interoperability and data exchange between organisations (Mjåset et
al., 2020). The next section will explore literature for IT and VBHC in more depth.
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2.3 literature review: it architectures in healthcare
In the previous sections, the definition of VBHC and the strategic agenda to implement
VBHC were presented. As highlighted in Section 2.2.1, IT is an important element of
VBHC. Therefore, this section will search, analyse and synthesise the literature on IT
architectures in the context of (value-based) healthcare.

2.3.1 Search strategy and process
The electronic database Scopus was used to search relevant literature on VBHC and IT
architectures. Unfortunately, no literature was found using the combination of ‘value-
based healthcare’ and ‘IT architecture’. The previous section pointed out that interoper-
ability and data exchange were hampered due to the fragmented and siloed IT landscape.
An initial search was carried out using the following keywords: (( ”IT architecture”) OR
(”information system architecture”) OR (”enterprise architecture framework”) AND
(”data exchange” OR ”interoperability”) AND ( ”healthcare” OR ”medical” ) ). Only
34 articles were found, which seemed limited considering inclusion and exclusion cri-
teria have not been applied yet.

A second search was conducted without ’data exchange’ and ’interoperability’ to broaden
the scope. The following keywords were used to search the literature: (“IT architec-
ture”) OR (“information system architecture”) OR (“enterprise architecture framework”) AND
(“healthcare” OR “medical”). The search provided 191 articles. In addition, some articles
were found based on suggestions of PwC experts or from backwards referencing.

Literature types that were included are peer-reviewed articles, grey literature (e.g. re-
ports, non-academic research) and book chapters. The language should be preferably
English, however, if the content is highly relevant, then Dutch literature will also be
included. Literature is considered to be relevant if it discusses: IT architecture frame-
works, design principles and requirements for healthcare information systems, data or
information exchange or interoperability. Another important criterion was the publica-
tion year. Much research on this topic is originated from the United States. In 2014,
59% of the U.S. hospitals had a basic EHR and very few were able to provide patient
online access and share EHR summaries with other providers (Adler-Milstein et al.,
2014). Considering the importance of EHR for this research, literature from 2015 and
later are included.

Once the search was completed, the papers were selected based on the inclusion and
exclusion criteria. The selection process involved four stages. First, the papers were
screened on the language and year. 137 articles were excluded. Second, the title and
keywords were screened, 27 articles were excluded. However, not all titles and key-
words gave a clear understanding of what the author tried to communicate. Therefore,
in doubt, an article could be included in the next stage. Third, the abstract, introduction
and conclusion were scanned. In some cases, it was found that some keywords such
as ’healthcare’ were only mentioned in the abstract, but did not further discuss this
topic. The fourth and final stage included screening the full text. From the literature
search, 9 articles were included. Additionally, 6 papers from backwards referencing
and suggested papers were added, 15 articles were included for the synthesis.
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2.3.2 Enterprise Architecture
Zachman (1987) was one of the first that addressed the need for systematic frameworks
to design information systems. The paper explained the principles of information sys-
tems architecture by analogy using the context of construction. Zachman reasons that
the same object can be described differently for different purposes or from different
viewpoints. The framework for information systems architecture proposed by Zach-
man classifies objects into different perspectives and different dimensions. The rows
define stakeholders’ views and the columns define the abstraction level.

The framework is theoretical and does not provide guidance on the implementation.
In addition, the are no relationships between the elements which makes it hard to
establish a full overview. Finally, some argue that the analogy with construction is
incorrect and that the framework does not rely on any empirical evidence (Gaver, 2010).

After the introduction of information systems architecture, broader and more holistic
perspectives on organisational planning began to rise and the term Enterprise Archi-
tecture (EA) emerged (Gaver, 2010). In contrast to Zachman, Ross (2003) argues that
EA is not only about a detailed design of the firm’s processes, data and applications,
but rather a tool to align business strategy and IT capabilities. Ross (2003) defines an
IT architecture as “the organizing logic for applications, data and infrastructure technologies,
as captured in a set of policies and technical choices, intended to enable the firm’s business
strategy”.

Ross (2003) researched competency in IT architectures, which is the ability of an organ-
isation to align their business strategy and IT capabilities. Here, the IT capabilities are
the objective of the architecture and specify the behaviour of the architecture. In the
case of healthcare, an IT capability could for example include the ability to access the
medical data of an individual patient. According to Ross (2003) the logical steps for
developing an EA are (i) define the strategic objective, (ii) define key IT capabilities for
enabling those objectives, and (iii) define policies and technical choices to enable the
required IT capabilities.

Whereas Ross (2003) views EA as an instrument to align business strategy and IT ca-
pabilities, M. Janssen (2009) sees EA as the overview of an enterprise as a whole at the
current and possible future states. M. Janssen (2009) distinguishes an architecture in
descriptive and prescriptive, where the first is an abstraction of the existing infrastruc-
ture and the latter is the desired architecture. EA can be used as guidance for design
efforts to move from the descriptive state to a prescriptive state. Then, design projects
can realise the prescriptive architecture into the Next Generation Infrastructure (NGI).

A commonality in the definitions of EA is that it aims to address architectural elements
and the relationships between them at an abstract level (M. Janssen, 2009). Therefore,
M. Janssen (2009) follows Janssen and Verbraeck (2005) and defines EA as ”The coordi-
nation of subsystems at various levels of abstractions for the purpose of developing the NGI”.
Often a layered approach is used to deal with complexity and to describe heteroge-
neous subsystems and the relationships between them. M. Janssen (2009) provides an
architecture meta-framework that captures the subsystems and dependencies among
them in five architectural layers: business, business processes, information, application
and technology.
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A well-known framework for EA is The Open Group Architecture Framework (TOGAF).
The framework provides a structured approach to develop, implement and govern an
EA. The Open Group (2018) embraces the definition of an architecture as defined by
IEEE: “The fundamental concepts or properties of a system in its environment embodied in
its elements, relationships, and in the principles of its design and evolution”. The term “En-
terprise” can refer to both a single organisation or an extended enterprise in which
partners, suppliers, and customers are included. EA can be used to design the enter-
prise as a whole or to design specific areas of interest (The Open Group, 2018).

Similar to Janssen’s meta-framework, it uses a layered approach to deal with complex-
ity by describing the elements and subsystem at different abstraction levels. The Open
Group (2018) uses the following architecture layers:

• Business architecture includes the business strategy, governance, organisation
and key business processes.

• Data architecture describes the structure of storage, maintenance and manage-
ment of data artefacts. This includes logical and physical data models.

• Applications architecture describes the applications that deploy application ser-
vices in order to serve the business processes and realise business goals.

• Technical architecture includes the software, hardware and infrastructure that are
required to deploy the business, data and application services.

2.3.3 Enterprise Architecture in Healthcare
Da Luz Júnior, Silva, Albuquerque, Medeiros, and Lira (2020) conducted a systematic
literature review to capture the state-of-the-art literature on EA in healthcare systems.
The authors analysed and synthesized 46 studies. It was found that EA positively
impacts healthcare systems in, for example, describing and categorising the architec-
ture and business process, organisational structure and data to facilitate information
acquiring. EA was, not surprisingly, applied mostly in the context of hospitals. The
application of EA in healthcare faced several barriers including: (i) Complexity of
health environments; (ii) Obtaining and integrating data of various kinds; (iii) Differ-
ent stakeholder interests and communication problems; and (iv) No clear definition of
the business objectives, goals, processes.

It was found that TOGAF was the most applied framework and Archimate the most
used tool for the development of the architecture (Da Luz Júnior et al., 2020). More-
over, TOGAF is not only the most common framework but according to a study of
Haghighathoseini, Bobarshad, Saghafi, Rezaei, and Bagherzadeh (2018) also the most
appropriate framework to apply in hospitals.

In the Netherlands, there are several institutions that develop and maintain reference
architectures. Three applicable reference architectures for this study are presented
in Table 2.1. The Dutch Government’s reference architecture, Nederlandse Overheid
Referentie Architectuur (NORA), is a high-level reference architecture for public infor-
mation systems in the Netherlands. NORA’s objective is to ensure collaboration and
seamless information exchange across different public contexts. NORA formulated 10

basic principles and 44 derivative principles for developing information systems in the
public domain (NORA, 2019).
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The so-called ‘daughters’ of NORA represent domain-specific architectures. Ziekenhuis
Referentie Architectuur (ZIRA) is a daughter architecture that is concerned with archi-
tectures for hospitals. Other domain-specific architecture in healthcare focus on public
health (PURA) or long-term health (LIDA). Another daughter is the AORTA architecture
and describes the national infrastructure for information exchange in Dutch healthcare.
Information exchange is established using standardised messaging over the AORTA
network with a central intermediary (LSP).

Table 2.1: Reference architectures for the Dutch healthcare

Architecture type Name Description

Foundation architec-
ture

NORA Reference architecture for governmental information
systems in the Netherlands.

Domain specific Ar-
chitecture

ZIRA The ZIRA is a reference architecture that is based on
a collection of models for structuring and sharing in-
formation in Dutch hospitals. ZIRA is based on the
layered framework of Nictiz.

Organisation specific
architecture

AORTA Dutch national infrastructure for the exchange of data
between healthcare providers. The infrastructure spec-
ifications include a description of technical, organisa-
tional as well as implementation aspects.

2.3.4 Design Principles and Requirements
The design efforts of an EA can be guided by design principles and requirements.
Although there is no uniform definition of a principle (Bharosa & Janssen, 2015), most
articles describe principles as ‘general rules’ or ‘guidelines’ (M. Janssen, 2009; The Open
Group, 2018). Bharosa and Janssen (2015) discuss the importance of design principles
and follows the definition: “normative, reusable and directive guidelines, formulated towards
taking action by the information system architects”. A principle-based design is especially
useful in socio-technical contexts where it is hard to formulate problems in an explicit
way (Bharosa & Janssen, 2015).

The Open Group (2018) explains that principles must reflect the business objectives
and key architecture drivers. Components of well-defined architectural principles are:
(i) name, (ii) statement, (iii) rationale and (iv) implications. For each architecture layer,
architectural principles can be defined and positioned (M. Janssen, 2009). However, too
many principles should be avoided as it may reduce the flexibility of the design efforts.

Bharosa and Janssen (2015) argue that principles are not intended as rules or blueprints
that have to be strictly followed. Instead, principles should provide guidance towards
solutions. Requirements, on the contrary, state what the architecture should or must
adhere to. Requirements are often derived from individual stakeholder needs and pref-
erences, and, therefore, could contradict with other requirements (Bharosa & Janssen,
2015). According to M. Janssen (2009) should contain trade-offs. For instance, a trade-
off in the healthcare context could be the preference for a high level of privacy over
traceability.
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Ilin, Levina, Lepekhin, and Kalyazina (2019) studies the business requirements of an
IT architecture in healthcare. In light of the digital transformation, identifying the
business requirements correctly are key to a successful implementation of IT projects.
In addition, unlike other authors, Ilin et al. (2019) recognise the transition towards a
value-based and personalised healthcare system. Ilin et al. (2019) uses EA because
it harmonises business and IT. Ilin et al. (2019) reviewed the goals of VBHC and
identified the following business requirements for healthcare organisations:

• Health and Patient Support Information: Information must be organised around
medical conditions, provide insight on providers and treatment methods, and
supports the patient in choosing a provider. Further, information provision and
interaction with the patient should be established through the full cycle of care.

• Restructuring of Relations with Medical Service Providers: Information exchange
must be established for the purpose of adding value to the provided care. Health-
care professionals must be stimulated to add value to innovation.

• Redefining Contracts, Transactions, Billing, and Pricing: Contracts between providers
and insurers must be established for multiple years. Further, administration and
transactions should be simplified and standardised or eliminated.

• Patient Medical Records: Services to aggregate, update and verify medical records.

In another study, Ilin, Lepekhin, Ershova, and Borremans (2020) provided principles
focused on the application and technology layer which can guide the development of
an IT architecture. This article takes again the digitisation and the transition to VBHC
and PCC into account. The following principles are suggested:

• Rely on reference architectures: building an EA is a difficult task and one should
consult reference architecture developed by specialists.

• Both internal and external equipment must be integrated: medical equipment
within the hospitals, but also wearable devices should be integrated into the IT
architecture. A higher volume of data is collected which enables higher person-
alised treatment and contributes to patient-centredness.

• Maximise system integration: systems should be connected and integrated to
allow efficient information exchange. That facilitates business processes to deliver
patient-centred care without additional administration.

• Data should be secured to the maximum level: roles should be declared and
customised, the system should be able to isolate from the ‘outside’ world without
interrupting the interaction with other systems used in the landscape.

Ilin et al. (2020) suggest integrating the principles into the IT architecture and pro-
pose to systematically design the architecture using the Architecture Development
Method (ADM) of TOGAF. The business requirements and principles seem to be
derived from Porter and Lee (2013). For instance, ‘health and patient support infor-
mation’ suggest that information should be adding value for the patient’s care process
and could be linked to Porter’s first IT criteria ‘be patient-centred’. Although all the
principles are explained logically and connections to VBHC can be made, there is no
scientific evidence that these support these principles. This makes it rather difficult to
determine the validity of the principles.
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2.3.5 Interoperability and integration
The Open Group argued in a white paper that patient-centred and value-based health-
care depends on interoperability (The Open Group, 2016). Interoperability enables
actors to be provided with a flow of information within and across healthcare systems.
The underlying IT infrastructure allows data exchange across Healthcare Information
System (HIS), and is a prerequisite for VBHC as outcome measurement highly depends
on the availability of clinical data.

Peng et al. (2019) researched the literature on heterogeneous health data integration as
well as the methods of utilizing the integrated health data. Healthcare data integration
is defined as “data from heterogeneous or distributed sources processed by a certain approach
to act as they come from one source in a seamless way”. Figure 2.2 shows different data
sources on the left side, for example, an EHR and wearables, data integration, and, on
the right side, the utilisation of integrated data for different purposes.

There are several purposes for which data integration is necessary. For example, gen-
eral health information management, chronic disease management and health/lifestyle
management (Peng et al., 2019). Also for the purpose of VBHC, data integration is
needed to be able to monitor the health status of the patient. Moreover, integrated
data could be utilised by multiple actors, such as patients themselves, referrers, or for
clinical research.

Figure 2.2: Schematic overview of data integration and utilisation. Adopted from Peng et al.
(2019).

A prerequisite for integration is interoperability. Peng et al. (2019) categorises interoper-
ability in three different types: Foundational interoperability, which is the technical ability
to exchange data, Structural interoperability, which allows for data exchange in specific
formats to interpret the syntax of the data, and Semantic interoperability which allows
for data exchange, meaningful interpretation and usage.

Peng et al. (2019) classify three health data integration approaches: (i) APIs with man-
ual alignment, (ii) Semantic Web (iii) Platforms, and five utilisation approaches: (i)
Database, (ii) API, (iii) Semantic Web, (iv) Application platform and (v) Composition.

The literature review concluded that there are two main challenges for health data inte-
gration. First, one is to call various services for aggregating data. A suitable approach
mentioned is the Web API, because it is platform-independent. However, using Web
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APIs to call various services might be much effort and time-consuming. Therefore,
a combination with Semantic Web Technologies Semantic Web Services may increase
efficiency. Second, the way to integrate the aggregated data in an effective way is a
challenge. Peng et al. (2019) mentions standardisation or Semantic Web technologies
as possible solutions to alleviate the problem. However, these solutions have some lim-
itations as the first is costly and probably will not match the specific wishes and needs,
while the latter may bring only more complexity and inefficiency. The paper concludes
that there is a trade-off between flexibility, efficiency, interoperability and standardisa-
tion. The combination of Web service technologies and Semantic Web technologies has the
potential to balance these trade-offs best.

Garai, Pentek, Adamko, and Nemeth (2017) demonstrate a prototype for clinical re-
search using smart-device body sensors. An interoperability scheme was used to con-
nect HIS, telemedicine and e-health devices. The authors propose a hybrid cloud-based
Open Telemedicine Interoperability Hub (OTI-Hub) to interconnect these. The receiver
module uses Web APIs to obtain the data, and subsequently, the transformation mod-
ule transforms this data into an HL7 format. Then, the most important module, the
integration module, offers a data exchange future to export data from telemedicine to
external systems by using REST API endpoints. Garai et al. (2017) tested the OTI-hub
prototype using data from spirometry and cardio sensory and imported, interpreted
and presented it successfully into the HIS. To conclude that interoperability between
HIS, e-health devices and telemedicine is possible. However, this research only investi-
gated one-way from e-health devices and telemedicine into HIS.

The prototype uses a hybrid cloud approach, where patient’s medical data is stored pri-
vately and the public cloud deals with processing the transaction capacity. Although
a hybrid solution enables such a solution to keep medical records private and assures
scalability, the engineering faces quite a challenge as many elements need to be syn-
chronised (Garai et al., 2017).

Almodovar (2015) researched the data accessibility of information systems architecture
in healthcare organisations. An information system is defined as a collection of data,
processes, people, and information technology that interact to acquire, process, store,
and transmit an output (data or information) to achieve organisational goals (Almod-
ovar, 2015). Typically, for HIS, there is a distinction between administrative systems
and clinical systems. A healthcare record should at least be able to: collect information,
outcome management, medidcation management, decision support, communication
services, administrative services, patient support and population health management
(Almodovar, 2015).

Almodovar (2015) describes three different information system structures: multiple
non-integrated applications, enterprise-wide integrated system and a hybrid approach.
Whereas the non-integrated system is flexible and can be customised, the enterprise-
wide system is more standardised. Regarding data management, a non-integrated
approach has the disadvantages of data in multiple places and needs to be integrated
with interfaces (using web-based applications). The enterprise-wide system uses a
common database and is easier to access across different departments.
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2.3.6 Related Architectural Designs in Healthcare
In Germany, a research consortium called Smart Medical Information Technology for
Healthcare (SMITH) researches Data Integration Centers for healthcare. Winter et al.
(2018) provided insight into the architectural design components of these centres. The
design is based on the Reference Model for an Open Archival Information System
(OAIS). SMITH aims to build a medical network in which HIS and data integration
centres of participating hospitals are connected. The tasks of the data integration cen-
tres are to ingest data and nourish data. The (unstructured) data is ingested from the
local EHR and then stored into the local Health Data Storage of the integration cen-
tre. Then data nourishing adds value to the ingested data. For data sharing, widely
adopted communication (IHE profiles, HL7 CDA, HL7 FHIR) and terminology stan-
dards (SNOMED-CT, LOINC) are used to achieve semantic interoperability.

Osei-Tutu and Song (2020) propose an enterprise architecture that supports Health-
care Information Exchange (HIE) migration to the cloud for the facilitation of timely
health data sharing. In HIE, there are external healthcare entities (e.g. other HIEs,
research institutions) and healthcare providers. Both users can update and request
medical data. The components of a HIE include: (i) an interface, (ii) patient index-
ing (i.e. mapping data), (iii) notification services, (iv) a portal and (v) analytics (i.e.
transforming data into information). Cloud services are leveraged by using patient
and provider databases as a web storage service. After fully functioning databases, the
clinical data repository and cloud computing capabilities are migrated. After cloud mi-
gration, Osei-Tutu and Song (2020) argues that a cloud-based clinical data repository
allows for real-time notifications and analytics.

2.4 summary background and literature review
In this chapter, the background of value-based healthcare (VBHC), the relationship to
IT and IT architectures in healthcare were discussed. Conducting a systematic literature
review answered subquestion 1: “What is the state-of-the-art literature of IT architecture in
the context of healthcare, and VBHC?”. This section provides a summary.

While VBHC is getting widely adopted across the Dutch healthcare providers, insur-
ance companies and the government, the implementation faces some barriers (Mjåset et
al., 2020). One of the most important steps of the strategic framework of Porter and Lee
(2013) is a supporting IT system. The fragmented IT landscape impedes interoperabil-
ity between providers, insurers and patients, which is a prerequisite for outcome and
costs measurement. Moreover, a lack of interoperability causes administration over-
head duplicated medical interventions and reduces the quality of clinical care (Gordon
& Catalini, 2018; The Open Group, 2016).

Enterprise Architecture (EA) is an instrument to align business strategy and IT capa-
bilities (Ross, 2003). In EA, the business goals are achieved by organisational policies
and business processes that are served by applications and technology infrastructures.
An EA can be seen as an overview of the enterprise at various abstraction levels at the
current and desired future state (M. Janssen, 2009). EA provides opportunity to deal
with complexity and is a suitable approach to use in healthcare (Haghighathoseini et
al., 2018).



2.4 summary background and literature review 22

Despite the importance of the IT element in VBHC, little research is conducted on the
implementation (Alnofeye et al., 2019). In addition, research queries to IT architecture
and value-based healthcare provided little articles, emphasizing the gap in the literature.
Porter and Lee (2013) provided six basic criteria for IT systems to be value-enabling.
Ilin et al. (2019) provided business requirements and Ilin et al. (2020) principles for IT
architectures to support PCC and VBHC. The requirements and principles are however
quite general. Although the reasoning seems sound, evidence for the requirements and
principles lacks which makes it rather difficult to determine the validity.

Although little research was found for the specific purpose of VBHC, much research
could be found on data exchange, data integration and interoperability in healthcare,
which complies with some of the basic criteria of Porter and Lee (2013). The Open
Group (2016) argues that the outcome measurement highly depends on the availabil-
ity of clinical data and interoperability a prerequisite is for VBHC. Peng et al. (2019)
research the literature on heterogeneous health data integration and methods to use in-
tegrated data. For seamless integration of health data, a certain level of interoperability
must be established. According to Peng et al. (2019), there are trade-off when choos-
ing ways to integrate health data. The combination of Web service technologies and
Semantic Web technologies has the potential to balance these trade-offs most optimal.

There is a noticeable gap in the state-of-the-art literature about how IT should be de-
signed for the purpose of value-based healthcare. From the literature it can be con-
cluded that interoperability between information systems is one of the barriers for
value-based healthcare. However, there are no specific architectural designs on value-
based healthcare or its components. There is a need to identify what the components
are for an enabling value-based IT architecture. This would contribute to unlock the
potential of VBHC in the Netherlands.



3 M E T H O D O LO GY

This chapter presents the methodology to answer the research questions. First, a short
recap of the research design, as presented in Chapter 1, is provided. Subsequently,
the methodology for both the exploratory research and design research is described.
Finally, the research methods for data collection are presented.

3.1 framework for research design
In Chapter 1 the research design of this study was briefly introduced. This study ap-
plies a Design Science Research (DSR) method which is focused on the design product.
A risk of DSR is to prioritize building and evaluating the IT artifact, while, on the other
hand, behavioural science may focus too much on the context and fails to identify the
technological elements. A combination of both paradigms is fundamental when creat-
ing an IT artifact. To mitigate the risk, the conceptual framework of Hevner et al. (2004)
is adopted. Figure 3.1 illustrates the framework.

Figure 3.1: Framework for Design Science Research. Adopted from Hevner et al. (2004).

The relevance in the artifact is established by the contextual environment, which in-
cludes people, organisational systems and technical systems. Rigour in the artifact
stems from the knowledge base of scientific theories, methods, expertise and meta-
artifacts. The business needs and applicable knowledge both serve as input for the
design science activities. At the core of the framework, there is the development of
the artifact and the evaluation. The design activities iterate between development and
evaluation. Finally, the artifact is applied to the environment and the knowledge is
added to the knowledge base.

3.2 research methodology
The literature review provided some useful insights into the state-of-the-art literature
on IT architecture and VBHC. The scientific theories, methods and meta-artifacts are
used as input to start the Rigor cycle as shown in Figure 3.1. To fill the identified
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knowledge gap, this study aims “to identify and design the essential components for a value-
enabling IT architecture for the Dutch healthcare system”. The literature review positioned
the research and is the starting point for this research.

3.2.1 Exploratory Research
According to Hevner (2007) proper design science research often starts by identify-
ing problems and opportunities in the actual environment. An exploratory research
approach answer subquestion 2: How is the current IT landscape of the Dutch healthcare
system designed and where does it hamper the transition to VBHC?. The environment con-
sists of people, organisational systems and technical systems (Hevner et al., 2004). A
thorough understanding of the current situation identifies problems that are currently
faced in the transition towards VBHC. The following steps are carried out to explore
the problem.

First, the people and organisational system are described. A stakeholder analysis will
be conducted to determine stakeholders’ interests and power in the VBHC transition.
Second, the as-is situation of the technical systems will be described. This can be
used to analyse the weaknesses and opportunities (M. Janssen, 2009). For the technical
systems, the Layer Framework of Nictiz will be adopted to describe the current situation.
The layers are organised as follows:

1. Organisation

2. Care processes

3. Information

4. Application

5. IT-infrastructure

A gap analysis will be executed to pinpoint the deficiencies in the as-is situation. Fi-
nally, preliminary interviews will be conducted. Although some barriers can be identi-
fied from the environmental analysis, an in-depth understanding can be derived from
the perceptions of healthcare experts. These perceptions are essential for successful
design efforts as they determine the criteria for an appropriate design. The interviews
will be analysed using ATLAS.ti. In Section 3.3 the research methods and analysis are
discussed in more detail.

3.2.2 Design Science Research
The results of the exploratory research will be the starting point for the design activ-
ities. A second round of interviews will be conducted to obtain requirements and
design principles to create a design space for the components. Subsequently, the iden-
tified gaps are aimed to be fulfilled by the design research activities. Like the as-is
architecture, a layered approach will be used to guide the design and identify what com-
ponents should be incorporated to facilitate VBHC. The steps for the design activities
are inspired by ADM of The Open Group (2018) and described shortly below.

Architecture Vision
The architecture vision describes the capabilities, goals, and strategic objectives of the
target architecture. Normally, an EA will be developed for a specific enterprise. How-
ever, since this is not the case for this study, the architecture vision will focus on the
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generic capabilities, goals and objectives for a value-based architecture. The stakehold-
ers, requirements and principles derived from interviews and analysis are described.

Organisation
The highest level of the layered model is the organisational policy layer. Here the
business strategy, governance, and organisation are outlined. Since the architecture is
generic, the elements will be described at a general level. Components are proposed to
fulfil the gaps to enable a transition to VBHC.

Processes
Business processes can be divided into management processes, operational processes
and supporting processes (M. Janssen, 2009). The key business process in healthcare
organisations is the care process. Components will focus on improvements in the
processes, for example, efficiency or time, or lacking elements for VBHC.

Information
The information architecture describes the data artefacts which are involved in the ap-
plication architecture. By selecting viewpoints from the different stakeholders involved,
it should be understood how data is created, maintained, transformed and reused in
other applications.

Application
The application architecture describes the information assets that store, process, reuse,
and distribute information within and across the enterprise to fulfil the end-users needs
(M. Janssen, 2009). The application architecture identifies the dependencies of the end-
users to the applications.

IT-infrastructure
The IT infrastructure is the underlying layer of the architecture. It describes the struc-
ture and interaction of technology services and components to support the information
systems layer and care processes to achieve the organisational goals. For this study, this
layer will look at the opportunity of integrating emerging technologies.

3.3 research methods
This research is exploratory in nature and therefore uses qualitative research methods
to answer the research questions. Research methods that will be used are: literature
review, semi-structured interviews and an expert panel for validation of the artifact.

3.3.1 Literature review
A critical literature review is essential to conduct to become an expert on the topic
(Sekeran & Bougie, 2016). Reviewing the literature involves selecting, analysing and
synthesising relevant literature to identify relevant theories, methods, meta-artifacts
and related work. Literature can be selected from books, academic journals, reports,
theses, conference proceedings or newspapers (Sekeran & Bougie, 2016). The literature
review has been presented in Chapter 2 and provided the research with (i) state-of-the-
art literature on IT architecture in healthcare and (ii) an overview of VBHC.
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3.3.2 Semi-structured interviews
A structured interview is a qualitative research method to collect data from an expert
using a predetermined list of questions. For this study, interviews will be conducted
in a semi-structured way, which allows the researcher to guide the interview in certain
directions, but leaves room for other perspectives, ideas and topics (Sekeran & Bougie,
2016). The interviews will be divided into two phases and have different objectives.
The objectives and eligible participants are presented in Table 3.1.

Table 3.1: Overview of semi-structured interviews, objectives and participants

Interview Objective Eligible participants

Preliminary in-
terviews

General interview to under-
stand the situation, identify
the problems and solutions

Clinicians and health managers,
experts in VBHC, consultants in
healthcare, IT specialists in health-
care

In-depth inter-
views

Capture principles, require-
ments and components for
value-based healthcare IT ar-
chitecture

Experts in VBHC and implemen-
tation, and/or IT in healthcare.

Preliminary interviews
The preliminary interviews will be broad interviews and have two objectives: (i) to
gather in-depth information about the current situation and problems, and (ii) to ex-
plore the business needs for a possible solution. In Appendix E, the interview protocol
can be found.

In-depth interviews
The goal of the interview is to derive practical experience and best practices. The
components that were found to be hampering the transition to VBHC in the exploratory
research phase will be used as a focal point for the in-depth interviews. Requirements
and design principles will be captured for the design activities. In Appendix F, the
interview protocol can be found.

Data Analysis
Rigour in the design is often assessed by adherence to appropriate data collection and
analysis techniques (Hevner et al., 2004). The interviews will be recorded with the
consent of the interviewee. The interviews are transcribed manually in a light edited
form, also referred to as ‘intelligent transcriptions’. In the transcriptions, meaningless
expressions such as ‘uh’, or ‘hmm’, pauses and repetitions will be omitted. For the
interviews, intelligent transcriptions are suitable because the meaning of what was said
is more important than the exact wording or non-verbal expressions. The transcriptions
are included in a separate appendix and can be provided upon request.

Data analysis is the process of reducing the amount of collected data to allow for in-
terpretation. Coding is an analytic process in which labels are attached to data which
organises the amount of data into categories (Corbin & Strauss, 1990). Data analysis
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will be carried out with the computer-assisted qualitative data analysis software AT-
LAS.ti. First, all transcriptions are uploaded to ATLAS.ti and each of them is read
through again. Interesting segments of data are marked with the quotation tool. Each
quotation will be renamed or given a comment so that later the data can be retrieved
and reviewed easily. Second, the quotations are openly coded. Open coding often gen-
erates many codes. Therefore, third, the number of codes will be reduced by merging
codes and creating overarching categories. Fourth, the network tool will be used to es-
tablish connections between the categories. This offers new insights and relationships
among the codes and categories, resulting in another round of merging codes. Finally,
there will remain several core categories.

3.3.3 Expert Panel
Evaluation is an essential step in design science research. The selection of evaluation
methods must be matched appropriately with the designed artifact and the selected
evaluation metrics (Hevner et al., 2004). For the evaluation of the components, descrip-
tive evaluation methods will be used because other forms of evaluation are not feasible
because the components are not simulated or applied in the environment.

An expert panel is a composed group of people specifically that have expertise and
opinions about a topic (Sekeran & Bougie, 2016). The group will be composed of
people preferably from the semi-structured interviews to evaluate the architecture. The
experts who are eligible are (i) experts in VBHC and/or healthcare management, (ii)
experts in IT systems and data exchange (preferably in healthcare) and (iii) experts in
designing EAs. The expert panel session aims to obtain experts’ thoughts, opinions
and feedback on the presented components. To elicit these aspects, the researcher will
act as a moderator and steers the discussions with questions.

Procedure
The session follows a scripted procedure. A detailed overview of the procedure, in-
cluding topics discussed and time, is presented in Appendix G. The expert session is
organised as follows. First, the researcher introduces the topic, the problems found in
the literature and the semi-structured interviews. The architecture vision is explained
and to confirm whether the experts understand the objectives of the model, the experts
are invited to start the discussion on the suitability of the proposed solution. Second,
the components will be presented and the researcher asks the experts for their general
thoughts and opinions on the architecture. Hereafter, every layer of the architecture
will be discussed in more detail. Finally, the session is wrapped up and the researcher
asks if the experts have any additional questions or feedback regarding the architecture
or the research.



4 A N A LY S I S : E N V I R O N M E N T

This chapter provides an analysis of the current situation. The environment provides
relevant information about the current situation and consists of people, organisational
systems and technical systems (Hevner et al., 2004). First, the organisation of the
Dutch healthcare system is described. Second, the people are described and analysed
using stakeholder analysis. Third, the technical systems are described according to the
Layered Framework of Nictiz. Finally, a gap analysis is conducted to identify which
components of the as-is architecture hamper VBHC.

4.1 organisational systems
The Dutch healthcare landscape can be described as a complex system wherein many
actors are involved. In 2006, the healthcare structure was reformed and the term reg-
ulated competition was introduced. Kroneman et al. (2016) categorises the healthcare
system in three markets as illustrated in Figure 4.1.

• The healthcare purchasing market. In this market, health insurers purchase
healthcare services from healthcare providers. Contract negotiations include
agreement on price, volume and quality of care. Healthcare insurers selectively
contract providers based on their services, costs and quality.

• The health insurance market. Insurance companies are obligated to offer the
basic insurance package as composed by the government. In addition, insurers
can offer additional packages, for instance, a dentist package. Dutch citizens can
choose an insurance company and insurance plan which they feel fits their needs
best. It is worth noticing that insurance companies cannot reject anyone for the
basic insurance package and they are not allowed to adjust premiums based on
health status or risk.

• The healthcare provision market. The provision market offers patients the op-
portunity to consume care services by a provider of choice. Every Dutch citizen
is listed at a practice of a General Practitioner (GP). The GP acts as a gatekeeper
and refers patients with specific conditions to a medical specialist.

Figure 4.1: Actors and markets in the Dutch healthcare system for curative care. Adopted from
Kroneman et al. (2016).
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Freedom of choice is essential for regulated competition to work properly. Being in-
sured is obligated, but the type of insurance plan and the insurance company is free
to choose for the patient. Moreover, the patient is free to visit any healthcare provider
they want. Patients should be able to critically assess insurers and providers based on
information about quality, costs and availability. In reality, only a little information on
quality is available. Kroneman et al. (2016) argues that there is a lack of reliable quality
indicators that are available to citizens.

4.2 people
The People in the environment are described using stakeholder analysis. A stakeholder
analysis is indispensable when researching a problem in a multi-actor environment
because it allows finding ideas feasible and worth implementing (Bryson, 2004). As
mentioned in the Chapter 1, this research is limited to curative care. Hence, only stake-
holders involved in the curative care will be taken into account for the environmental
analysis. This section will discuss the stakeholders, their role, interest in VBHC and the
power to initiate change. A comprehensive overview of all stakeholders can be found
in Appendix D.

A power-interest grid is a well-adopted approach to identify stakeholders, their interest
in the problem and the power they can exercise. The stakeholders can be divided into
four categories: players having high interest and power, context setters having little or
no interest but high power, subjects having a high interest but little power and, finally,
the crowd having both little interest and little power (Bryson, 2004). Figure 4.2 presents
the power-interest grid for the case of VBHC implementation.

Figure 4.2: Power-interest grid for transition to VBHC
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Players
The government, large healthcare providers (e.g. academic hospitals), insurance com-
panies and HIS suppliers are stakeholders that all have medium to high interest and
power. The Government is an important player because it has the authority to develop
policies and enact them. Since the healthcare structure was reformed and regulated
competition was introduced in 2006, the role of the government has changed and now
regulates and supervises the market. The ambition of the government is to provide
high-quality care that is affordable and accessible to every citizen (Ministry of Pub-
lic Health & Sport, 2016). The government has a high interest in VBHC and launched a
governmental programme in 2018 (Ministry of Public Health Welfare and Sport, 2018a).

The health insurers are responsible for purchasing and remunerating all curative health
services covered by basic health insurance (Kroneman et al., 2016). The core responsibil-
ity of an insurer is to purchase care services with a proper balance between quality and
price. Whether reimbursement models are based on value or volume, their main inter-
est is to have low costs. Controlling costs based on volume is far easier then on outcomes
as metrics are straightforward and unambiguous. Nevertheless, some insurers such as
Menzis, Zilveren Kruis and VGZ are experimenting with value-based reimbursement
models (Mjåset et al., 2020). Insurers and overarching interests groups like Zorgverzek-
eraars Nederland (ZN) do have an essential role in a transition to VBHC as positive
financial incentives are required to move away from the volume-based services. It is
likely that not all insurers are willing to adopt VBHC and innovative financial schemes
because it is uncertain if the benefits will outweigh the investments. Therefore, ZN
has a capricious attitude towards VBHC and even can enact blocking power to prevent
such a transition.

Technology and information systems are indispensable in healthcare. HIS suppliers
provide the information systems that clinicians interact with on a daily basis. A tran-
sition to VBHC is dependent on the implementation of value-enabling functionalities
such as easy to extract information and encompass various data types (Porter & Lee,
2013). Therefore, HIS suppliers have medium to high power. In addition, they have
medium to high interest in a transition to VBHC because if they are able to introduce
a value-enabling IT system early, they can reap the benefits of being the first mover.

Most healthcare providers are interested in providing patient and value centred care.
While both providers aim for high-quality care, there is also an interest in a positive
business case. In a regulated market, healthcare organisations are profit-oriented after
all. It should be recognised that there is a discrepancy between larger and smaller or-
ganisations. Often smaller institutions do not have the resources to facilitate research
or invest in innovations. A transition towards value-based healthcare is therefore not
likely to be initiated by smaller providers, but rather in a collaborative network. If
a transition towards VBHC is not rewarding in terms of money or time providers
are expected to lose interest. Finally, it is worth mentioning that for some healthcare
providers it might be beneficial not to move to a performance-based funding scheme
because they do not have outstanding outcomes. Without any enforcement, such par-
ties are not likely to engage in a transition to VBHC simply because of loss of revenue.



4.2 people 31

Subjects
For patients and patient federations, there is a high interest in personal, value-based
healthcare. Ultimately, their objective is high-quality care to achieve their envisioned
healthcare status. Patients want to be more in control of their own patient journey
and be involved in the decision-making. However, their power to make decisions is
considered to be limited. The government acts on behalf of the public and realises these
wishes and needs in a governmental programme ‘shared decision-making’ (Ministry of
Public Health Welfare and Sport, 2015).

Other stakeholders that are involved with standardisation projects or facilitating data
exchange (VZVZ) do not have a direct interest in VBHC, but rather improving informa-
tion exchange and enable outcome measurement. These stakeholders are considered
to have limited power to initiate change to move to VBHC.

Crowd
The Dutch citizens, the general public, is an important stakeholder as decisions in the
healthcare system affect all. For instance, rising premiums for basic insurance due
to rising expenditure. Similar to patients, individual citizens have low power. It is
assumed that the public has less interest in VBHC if there is no demand for care.

Context setters
Context setters have little to no interest in a transition to VBHC, but have the authority
to withheld decisions and policymaking. All stakeholders categorised in this quadrant
are public bodies delegated by the government. One of the authorities is the Nederlandse
Zorgautoriteit (NZa) which has a crucial role to supervise and regulate the healthcare
markets. The NZa has significant power because they can impose obligations to the
providers and insurers or adopt regulations. Other stakeholders that supervise compli-
ance with law and regulation are the Data Protection Authority (Dutch Data Protection
Authority (DPA)), Health Care Inspectorate (Inspectie Gezondheidszorg, IGZ) and the Na-
tional Healthcare Institute (ZiNL). These stakeholders do not necessarily have a positive
or negative interest in VBHC, however, as mentioned previously, it is much easier to
supervise and enact on unambiguous metrics such as volume.

Conclusion Stakeholder Analysis
From the stakeholder analysis, it can be concluded that VBHC needs support from the
government, (large) healthcare providers, insurance companies and overarching inter-
est groups and HIS suppliers are required. HIS suppliers have to facilitate the clinicians
with supporting IT systems. Although patients and patient interest groups may have
little power and resources, they should be consulted to successfully implement VBHC.
Although many stakeholders have a positive attitude towards VBHC, some organisa-
tions (i.e. providers and insurers) will lose revenue with an outcome-based funding
scheme. If the rewarding do not outweigh the costs, such parties would not participate
or even block a transition.

The government has an important role as a policymaker VBHC but also as a facilita-
tor. From the government’s side, there is a positive attitude towards VBHC and has
the power to realise a transition by imposing laws and regulations upon market play-
ers. Furthermore, the government can stimulate stakeholders with a negative attitude
towards VBHC with, for example, subsidies.
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4.3 technical systems
In order to define which components of the currently hamper VBHC, a generic architec-
ture of the current situation will be described and analysed. The reference architecture
from the Dutch society of hospitals hereafter called the ZIRA (in Dutch: Ziekenhuis
Referentie Architectuur) is the architecture reference framework for Dutch hospitals
and is based on the 5 layer model of Nictiz. These layers are: Organisational policy,
Care process, Information, Application and IT-infrastructures. The layered model is
depicted in Figure 4.3. First, each layer will be described. Second, a gap analysis will
be performed to pinpoint the deficiencies in the current architecture.

Figure 4.3: Layered model of Nictiz. Adopted from Meijboom and Klein Wolterink (2020)

4.3.1 Organisation policy
The organisation level is the highest level in the layered model of Nictiz and relates,
together with the care processes, to the business architecture. The relationship between
the actors and elements are presented in Figure 4.4.

Business objectives
The objective of healthcare organisations is to provide high-quality care services in
an efficient and convenient way. ZIRA developed five basic architectural principles
and are inspired by the principles of other reference architectures such as Duurzaam
Informatiestelsel in de Zorg Referentie Architectuur (DIZRA) and NORA. The basic
principles are:

1. Patient’s value comes first

2. Hospitals collaborate closely together

3. Clear and one-time data recording

4. Information provision is flexible, safe and sustainable

5. Quality can be derived from the care process
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Actors
The following actors considered are for the architecture: patients, providers, insurers,
quality registration and the government. For simplicity, other actors will be outside the
scope of the analysis. A description of the roles and responsibilities can be found in
section 4.2.

Business services
This study limits the business services to curative care services. Services include physi-
cian and nursing care, surgery, medications and therapies.

4.3.2 Care processes
A key business process in healthcare is the curative care process. The process is trig-
gered to start when someone is in need of healthcare services. For simplicity, curative
care is divided into four subprocesses:

• Intake & Diagnosis: The letter of referral will be analysed and an intake appoint-
ment with a specialist will be scheduled to diagnose the patient. The physician
will collect relevant medical information about history and complaints in the con-
sultation. The physician will analyse the information and provides the patient
with a diagnosis.

• Treatment plan: The physician will analyse the medical record and diagnosis
and proposes a treatment plan to the patient. In light of law and regulations (i.e.
Wgbo), the physician must inform the patient about the interventions and possi-
ble risks. The patient has to give the physician permission to start the treatment.
This is also known as informed consent.

• Treatment: Clinicians provide care services to the patient. For instance, an oper-
ation, therapy or medical treatment. Dependent on how the process is designed,
the progress will be evaluated one or multiple times.

• Evaluation & Referral: The treatment process is ended. The physician will evalu-
ate the health status achieved and outcomes. The physician can refer the patient
to another healthcare professional (e.g. different specialisation or providers)

Figure 4.4: Business architecture of the as-is situation

4.3.3 Information
The information architecture describes the information elements that a healthcare provider
must record to provide curative care services. This includes information for healthcare
professionals, patients and third parties. Clinical observations, diagnosis, treatment
plans are examples of information that is captured and recorded in the EHR.

Information models and sets
Information standards opt to use generic components as much as possible in order
to create a standardised language. Standards ensure that information throughout
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the care process can be reused for different purposes, such as quality registration or
patient-related research (Nictiz, 2020a). In the Netherlands, Nictiz is developing these
generic components called healthcare information building blocks (Zorginformatie bouwste-
nen (Zib)s). Internationally, these can also be referred to as Health and Care Information
Models (HCIM), or Clinical Building blocks (CBB’s), but for the scope of this study, the
term Zib is followed. A Zib is an information model that describes clinical concepts by
predefined data elements. The content, structure and relationships are agreed upon.

An example is the Zib ‘Tobacco use’. The information model of tobacco use is pre-
sented in Figure 4.5. For instance: a patient smokes daily [TobaccoUseStatus] 5 [Amount]
cigars [TypeOfTobaccoUsed] since the age of 20 [StartDate]. The patient tries to quit smoking
with a stop-smoking programme [Comment]. If the root concept is transferred to another
information system, application logic should be able to map the Zibs to their own data
model so that meaningful interpretation can be realised.

Figure 4.5: Healthcare information model of tobacco use. Adopted from Nictiz (2020a).

A special dataset is the Common Clinical Dataset (Hereafter Basisgegevensset Zorg
(BgZ)). The BgZ is a patient summary of the most relevant (clinical) information. The
BgZ is defined as: “a minimal healthcare dataset that is always appropriate for caregivers
in order to provide continuity of care for a patient” (Nictiz, 2020b). For example, contact
persons, allergies, problems and diagnosis, or medication. The elements are derived
from and based on the International Patient Summary as adopted within the European
Union.

Another essential data set are the outcome indicators of ICHOM. ICHOM determines
outcome indicators per disease and describes how these should be measured and re-
ported. To date, they have defined 24 outcome sets. Van Duivendijk and Hutink (2018)
analysed the usability of the ICHOM data sets in the Dutch healthcare setting. The
research concluded that 56% of the analysed items are suitable for mapping to Zibs.
Moreover, the study shows that the ICHOM sets of different disorders are not mutu-
ally consistent and did not use international terminology standards. Although there
is some criticism, Zorginstituut Nederland (ZiNL) decided to use the ICHOM sets as
a guideline for defining the outcome sets in the Netherlands (van de Poel, 2018). By
following the international sets and adapt these for the Dutch context, ZiNL aims to
accelerate the development of outcome sets and achieve their objectives of the govern-
mental programme ‘outcome-based healthcare 2018-2022’ (Ministry of Public Health
Welfare and Sport, 2018a).
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Terminology standards
To assure that information is recorded in the same way agreements and standards
are essential. Terminology standards are widely used to determine the meaning of
the elements in healthcare. Systematized Nomenclature of Medicine - Clinical Terms
(SNOMED-CT) and Logical Observation, Identifiers, Names and Codes (LOINC) are
commonly used reference terminology systems.

The SNOMED-CT is an international medical terminology system that offers a wide
range of (medical) terms, synonyms and their meaning in a structured hierarchic way
(SNOMED-CT, 2015). LOINC is a code system focused on laboratory contexts and aims
to standardize concepts of laboratory applications, laboratory results and clinical con-
cepts. Both are terminology systems but have different purposes and structures. While
SNOMED-CT is appropriate to record clinical findings and procedures, LOINC is more
suitable for recording laboratory determinations. Since 2013, the code systems are har-
monised so that users can enjoy the benefits of both systems (Hielkema-Raadsveld,
2016).

4.3.4 Application
The application architecture describes the information assets that store, process, reuse,
and distribute information within and across the enterprise to fulfil the end-users needs
(M. Janssen, 2009). In the ZIRA meta-model, only the application functions are presented
in different categories (i.e. Management, Care, Research, Education, Support, Generic
IT functions). However, there are no application processes or components described
nor the relationships within and across the architecture layers. This subsection will
discuss the components of the application architecture that is presented in Figure 4.7.

Health information systems
The Healthcare Information System (HIS) can be categorised into two separate systems
(Salleh, 2021): the Managerial Information Systems and Patient Care Systems. Figure
4.6 presents the HIS and how it serves the clinical information services. The first
category system entails the usage of the HIS for managers to run the hospital as a
business entity. Often referred to as Enterprise Resource Planning (ERP) systems. This
study focuses on clinical information and outcome information to determine the value
for the patient. Therefore, ERP applications are outside the scope. The second category
refers to systems that directly facilitate the care process and can be subdivided into the
following systems:

• Patient Management System. This system is involved with administrative func-
tionalities and provide the following services: patient registration (e.g. admission,
discharge), resource management (e.g. appointments) and financial services (e.g.
billing).

• Clinical Information System. This system directly facilitates the primary care
process with health data management and monitoring services. Data manage-
ment that clinical information systems should support include collection, storage,
extraction, transmission, presentation and analysis. The EHR is part of the Clini-
cal Information System.
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• Clinical Support Systems. The system supports the care process with optional
services such as laboratory, blood banking, radiology, pharmacy, etc. The services
of the Clinical Support System are connected to the Clinical Information System.

Figure 4.6: Visualisation of Healthcare Information System (HIS) and application services.

The HIS is connected to a user interface so that clinicians can interact with the applica-
tions. A patient portal is connected to the HIS, which via an interface, provides patients
with access to their own patient portal. In these patient portals, patients can view their
appointments, medical records, download their patient summary (BgZ) and fill out
questionnaires.

An upcoming trend is the Personal Healthcare Environment (PHE). A PHE provides the
patient access to all their (medical) information stored at different HIS. The data is
collected directly from the HIS and transferred to the PHE. For the HIS to be con-
nected to the network, they have to be certified with the Medmij-label (Nictiz, 2020b).
The information systems of IT suppliers are audited and tested thoroughly. Only cer-
tified suppliers of HISs and PHEs can participate in the network. Therefore, Medmij
guarantees a secure digital exchange of personal health data.

Standards for information exchange
During the care process, information about the patient can be collected internal or ex-
ternal. Internal data collection includes for instance examination, questionnaires and
monitoring. External data collection refers to (clinical) information that is obtained
from external sources, for example, the letter of referral. On the other hand, the clin-
icians must be able to send information to other professionals in the care cycle. For
example, an intermediate report or a letter of discharge.

Information exchange is crucial for VBHC as it facilitates collaboration between health-
care providers (Porter & Lee, 2013). There are many different ways to transfer informa-
tion in which the ‘old-fashioned way’ of hard-copy medical records and hand-written
referral letters are no special cases. Despite this, digital information exchange is increas-
ingly adopted. There exists a wide range of standards to exchange health information.
The most adopted standards are (Nictiz, 2020b):

• HL7 CDA: This standard can display and exchange a patient file in one structured
document. CDA (Clinical Document Architecture) is part of the HL7 version 3,
which was developed for data exchange across HIS. The CDA document contains
textual information (for human reader) and structured information (for software
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applications). The disadvantages of CDA are that there is no transport mecha-
nism and processing the document can take much time due to large patient files
(Mulders, 2020).

• HL7 FHIR: FHIR is a recently developed standard by HL7 and is based on a
widely used internet standard Application Programming Interface (API). The fo-
cus of FHIR API is to support the workflow of a process where data is exchanged.
The core of FHIR is formed by reusable building blocks, the FHIR resources. Dif-
ferent from CDA, the FHIR specifies an exchange mechanism based on REST.
While APIs are widely known and can be applied to healthcare using only the
internet as an infrastructure, a disadvantage is that healthcare providers that reg-
ister the data must have implemented the FHIR API (Mulders, 2020).

Figure 4.7: Application architecture of the as-is situation

4.3.5 IT-infrastructure
This layer relates to the technical processes, services and infrastructure in which the
information systems are located. These include for example data storage and servers,
soft- and hardware, and networks.

Processes and services
For this study, the technological services are limited to data management services and
data exchange services. A query process answers a query request of the application by
searching the database and obtain the results of the query. The data management ser-
vice is connected to the Extract, Transform, Load (ETL) process in the application layer.
Data is extracted from the clinical repository then transformed to a data structure, for
example to Zibs, HL7 FHIR resources or HL7 CDA, and loaded into an exchangeable
message. The data exchange services are connected to the data exchange process in
which data is sent and received. HL7 standardised messages are sent over the net-
works.

Data storage
For a long time, the standard was to store patient’s data on servers at the HIS sup-
pliers location. Controlling the data in-house has advantages for the supplier as the
data is verifiable and they are independent. In recent years, an upcoming trend is to
outsource data storage to cloud service providers. Reasons to move to the cloud is to
achieve a higher level of security with state-of-the-art encryption techniques and higher
availability, because data is backed up (ICTrecht, 2019).
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In 2019, cloud services got the attention of Dutch newspapers as they found that tech gi-
ant Google hosts hundreds of thousands of medical records of Dutch citizens. MDRM
processes medical data of hospitals for the quality registrations of DICA. MDRM
moved to the cloud, which is in compliance with the European GDPR. Google can-
not see nor analyse the data. However, according to critics there exists a high risk for
the privacy of patients (Klaassen & Bremmer, 2019).

4.3.6 Network infrastructures
In order to exchange data, a transport mechanism is required. There are a few wide
adopted standards (Registratie aan de bron, 2017)

• Landelijk Schakelpunt (LSP): AORTA is the national infrastructure, originally
developed by the government (Registratie aan de bron, 2017). The LSP is cen-
tral in the infrastructure and most healthcare providers (i.e. GPs, pharmacy, pri-
mary and speciality care) are connected to the network. A healthcare provider
can request medical information at the LSP. If a provider requests information
(pull), he/she has to authenticate himself with a UZI certificate. LSP check if the
provider is authorised, and if so, the query process will be performed in other
databases. LSP is provided with the information from the data sources and an-
swers the query. It is worth noticing that LSP only acts as an intermediary and
does not store any data.

The LSP has recently fulfilled all the requirements in the MedMij certification
process and the name has changed from LSP to LSP+. The available information
will be shared in the form of bundles of FHIR resources, using Zibs as much as
possible.

• XDS-IHE infrastructure: An infrastructure that is often developed for regional
usage is XDS. These regions are called ‘affinity domains’. XDS is a profile of
IHE in which multiple users set up an infrastructure. The location of data in
the HIS of different providers is stored at a so-called Document Registry. If a
provider requests information, the Document Registry checks which documents
are available and the provider can select the documents and access them.

Figure 4.8: Technology architecture of the as-is situation
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4.3.7 Gap Analysis
A gap analysis is a method to assess the differences in the current as-is situation and
the desired to-be situation. Based on the identified gaps, specific actions can be carried
out. For the gap analysis, the criteria of a value-enabling IT platform of Porter and
Lee (2013) will be used as a basis (see also Section 2.2). Table 4.1 provides a simplistic
overview of the criteria and if they are included in the current situation.

Table 4.1: Gap Analysis
Criteria Included?

1. Be patient-centred No

2. Use common data definitions Yes

3. Encompass different data types Yes

4. Be accessible to all parties involved No

5. Include specified medical condition templates Yes

6. Be easy to extract information No

IT systems should follow the patient in the full cycle of care instead of the other way
around. Currently, the healthcare landscape is highly fragmented and medical data is
spread across various systems. Although PHEs are promising, all IT suppliers should
comply with the agreement set of Medmij to get access to the network. To conclude, at
this moment, systems are not patient-centred yet.

Terminology standards such as SNOMED-CT and LOINC are widely adopted within
the Netherlands but also internationally. Standardisation in terminology is key to cre-
ate semantic interoperability. Further, IT systems encompass different data types such
as notes, images and lab results. However, transferring these different data types is
still complex as the Zibs do not cover everything and are also not meant to.

Porter and Lee (2013) stated that information systems should be accessible to all parties
involved, which includes the care team and patients. While there are many develop-
ments in data and information sharing, there is still much room for improvement. For
example, with IHE-XDS, parties can have a look at documents that are stored in other
HIS. However, a prerequisite is to be connected to the regional IHE-XDS network.
Information sharing across different regions is therefore still complex.

Often, the care process is tailored to specific medical conditions. This makes it easier
for clinicians to provide care in a standardised procedure. Also, clinical information
systems are customised to the wishes and needs of the clinicians. While customised
processes and systems provide patient-centred care, it hampers to create uniformity
that is needed for outcome measurement.

For the last criteria “easy to extract information” is suggested to use the term “easy
to extract and integrate”. While intermediaries such as LSP and IHE-XDS provide
opportunities to capture (parts of) the medical record, not all data is Zib compliant.
Moreover, research on the usability of the ICHOM outcome sets concluded that a large
part of the outcomes is not compatible with the Zibs. While some developments are
ongoing, such as the recently launched HL7 FHIR standard, semantic interoperability
is still in its infancy.
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4.4 summary environmental analysis
This chapter conducted the environmental analysis for a transition to VBHC. The envi-
ronment is divided into three categories: organisational systems, people and technical
systems (Hevner et al., 2004).

Organisational systems. The healthcare reform of 2006 introduced regulated competi-
tion with a purchasing market, insurance market and provision market. Market forces
lead to innovation, costs reduction and. An essential element is freedom of choice for
citizens. They are able to choose insurance plans and care provision that matches their
needs best. Citizens should be able to critically assess insurers and providers based on
information about quality, costs and availability. In reality, however, there is little infor-
mation available that impedes individuals in making informed decisions (Kroneman et
al., 2016).

People. The stakeholder analysis concluded that the government, insurance compa-
nies and overarching interests groups, larger healthcare providers and HIS suppliers
are important stakeholders to take into account for the transition towards VBHC be-
cause they have relatively high interest and power. Other stakeholders such as patients,
smaller healthcare providers and research institutions have high interest but less power
to initiate changes. The government should consult patients wishes and needs and in
their interest as they have the responsibility to provide affordable, accessible and high-
quality care. They have an essential role in stimulating stakeholders with an indifferent
or negative attitude towards VBHC. An overview of the stakeholders, their role, inter-
est and power can be found in Appendix D.

Technical systems. The as-is situation of the technical systems was analysed. Using
the criteria of Porter and Lee (2013), several gaps were identified. First, information
systems are not patient-centred because patients leave their data scattered across mul-
tiple institutions. The introduction of the Personal Healthcare Environment (PHE) is
promising as it allows patients to access and manage their medical data from one
place. Second, it can be concluded that information is not accessible to all parties. IT-
infrastructures are often organised regionally and connections have to be established.
Third, it is complex to integrate data from multiple sources because of the lack of stan-
dardisation. This hampers the reusability of data and possibilities to measure outcomes
across the care cycle.

The desk research activities partly answered subquestion 2: “How is the current IT
landscape of the Dutch healthcare system designed and where does it hamper the transition
to VBHC?”. To verify findings from the literature and scrutinize the problems in more
depth, semi-structured interviews are conducted. The findings are discussed in the
next chapter: Analysis: interviews with experts.
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This chapter provides the findings of the preliminary and in-depth interviews. First,
the problems identified in the literature are verified in the preliminary interviews. The
analysis of the preliminary interviews show that trust is an essential element for VBHC.
The concept of trust is further explored. Finally, the in-depth interviews aimed to find
out how and which IT architecture components can increase the level of trust in the
healthcare system.

5.1 preliminary interview
The preliminary interviews were held to explore the current situation further and to
identify problems and solutions. In total, 7 interviews were conducted in this phase.
Table 5.1 presents the participants, the organisation they represent and their expertise.
The interview protocol is shown in Appendix E.

Table 5.1: Overview participants preliminary interviews

ID Organisation Expertise

1.1 Pharmaceutical company Value-based healthcare

1.2 Healthcare provider Healthcare management

1.3 PwC Advisory Advisory of clients in healthcare

1.4 PwC Advisory Advisory of clients in healthcare

1.5 PwC Assurance IT audit healthcare insurance companies

1.6 IT provider healthcare IT solutions for healthcare

1.7 IT provider healthcare IT solutions for healthcare

The interviews were recorded, transcribed and analysed. The software ATLAS.ti was
used for data analysis. The methodology for data analysis can be found in Chapter 3:
Methodology. The data analysis resulted in 7 overarching code groups: (i) Challenges,
(ii) Finance, (iii) Barriers for VBHC and (iv) Enablers for VBHC, (v) Implementation,
(vi) Concerns and (vii) Requirements. The underlying codes are interrelated within
and across the groups.

The relationships on an aggregated level can be found in Figure 5.1. Although many
issues are rooted within the IT area, technology does not operate in an isolated environ-
ment and thus other barriers and enablers can influence the implementation of VBHC.
Financial factors are associated with barriers and enablers for VBHC. In turn, the im-
plementation of VBHC and financial incentives affect the current challenges healthcare
is facing. The category ‘requirements’ is used in section 5.3. It is worth noticing that
some interviewees expressed their concerns about the transition towards VBHC. This
category is outside the scope for this chapter, but will be further discussed in Chapter
8.

41
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Figure 5.1: Overview network of overarching code groups of preliminary interviews

5.1.1 Challenges
The interviewees were asked what are the challenges Dutch healthcare is facing? Inter-
viewees that were closely related to the care processes recognised challenges on a more
organisational level such as having a positive business case, dealing with the COVID-19
pandemic, work pressure and administrative burden. In addition, one of the interviewees
mentioned that laws and regulations can change quite fast. The interviewees from con-
sultancy provided answers from a higher level and mentioned sustainability of healthcare,
shortage in the labour market, rising need for care and complexity of care. In addition, one
of the consultants mentioned that loneliness could be a problem in the near future be-
cause it leads to a higher demand for healthcare and reinforces the aforementioned
challenges. The interviewees with a background in IT mentioned challenges more re-
lated to information and communication such as administrative burden and availability
of information. The relationship between these challenges is shown in Figure 5.2.

Figure 5.2: Overview challenges in healthcare industry
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5.1.2 Finance
Financial related factors were mentioned by all interviewees. The legitimacy of the claim
entails quotations about the reimbursements and claim processes. It was found that
there are many administrative efforts to ‘prove’ care was provided justly. For contracts,
there was much mentioned about the terms and conditions. According to several in-
terviewees, quality is a secondary condition currently. Interviewee 1.1 explains: “The
insurance companies steer always from the financial incentives because that is easy to have a
grip on. [...] an example, if a patient has a complication after surgery, insurers could say ‘we do
not pay for possible complications, only for the surgery itself’, so you better not have any com-
plications. Cost control is much easier to handle as an instrument”. Additionally, contracts
based on quality are complex to execute due to the lack of outcome indicators. Interviewee
1.2 explains that even if the quality was a primary term, there would be mistrust in the
outcomes. Concluding that value-based contracts are currently unable to realise due to
the lack of good quality indicators and procedures the measure those.

The perverse financial stimulus refers to the tendency of providers to act strategically
to earn more revenues. Healthcare providers have relatively low bargaining power in
the contracting process as interviewee 1.2 explains “I would be in no position to negotiate.
Just assume that whenever a big insurer offers a contract, in 95% of the cases, I would sign di-
rectly.” The low bargaining power results in relatively low-profit margins for healthcare
providers, which in turn leads to upcoding, cream-skimming or quality skimping and
have an effect on the challenges. In sum, financial factors have influenced the transition
to VBHC providers and insurers should come to agreements about outcome indicators
and how these should be measured.

Figure 5.3: Overview financial factors for VBHC
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5.1.3 Barriers
During the interview barriers to VBHC were explicitly or implicitly mentioned by the
interviewees. The barriers are divided into multiple subcategories: Organisational &
Policy, Relationship, IT, and Implementation.

Figure 5.4: Overview of barriers for VBHC

Organisational and policy barriers
Barriers in the organisational context lie mainly in the definition of value and how to mea-
sure and report that. Additionally, some physicians have to register more than others
because of the role they have in the chain (e.g. GP). Considering the current adminis-
trative burden, it is likely that more administration only has negative effects.

On a national level, it is mentioned that the healthcare industry is highly fragmented.
The introduced market competition can hinder collaboration which is essential to im-
plement VBHC. In addition, law & regulations, such as the GDPR, did not make collab-
oration and exchanging data easier.

Relationship barriers
Due to the reform of healthcare, actors have certain roles to fulfil. It became clear that
the insurers and providers have conflicting interests. Moreover, the relationship is char-
acterised by much regulation and control. Interviewee 1.2 emphasises that the deeply
rooted mistrust is driven by revenue and costs. For VBHC, there needs to be a certain
level of trust to collaborate. Interviewee 1.4 explains that there is a lack of transparency
and, for VBHC, insurers need to gain more insight in processes and outcomes to be
able to steer on quality instead of costs.

Interviewee 1.2 thinks it is frustrating that the insurers do not have the medical exper-
tise, but often interfere with how healthcare should be provided. From the provider
side, insurers are perceived as solely cost-driven parties. According to the consultancy
interviewees, that clinicians feel like they cannot provide the best care and think that
the revenues go to the top management instead of patient care. The perceived image
affects the level of trust between providers and insurers. However, as mentioned, the
providers have low bargaining power and so they have, more or less, to deal with the
imposed regulation of the insurers.
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IT barriers
In line with the results of the literature review, it was found that data is not accessible
which is associated with the lack of interoperability. There is a lack of uniformity of language
and therefore data is not reusable. It was found that there are many ongoing initiatives
to standardise data and information models. Nevertheless, when there are too many
‘standards’, there is no standard at all.

In turn, a lack of interoperability requires clinicians to manually enter data which in-
fluences the administrative burden and is prone to human errors that affect the data
quality. Moreover, if there is a possibility to receive medical data digitally, physicians
may not have the complete information and the accuracy and completeness of the data
may be questionable. Finally, it was mentioned that the current HIS have much focus
on the financial features, such as the claim process. In combination with the ambiguous
definition of value and no uniformity in outcome indicators, it is difficult to administer
‘value’ in the systems.

Implementation
One of the major implementation barriers mentioned is the acceptance of technology. In-
terviewee 1.4 explains that “One can use IT and technology, but human contact is irreplace-
able”. Interviewee 1.3 agrees and mentions that clinicians have an intrinsic motivation
to care in which they believe should be delivered by people. Another barrier is that
the providers have little resources in terms of money and time to innovate and lead to a
transition to VBHC.

5.1.4 Enablers
Similar to barriers, the enablers for VBHC are divided into several subcategories: Fi-
nancial, Relationship, IT, and Implementation enablers.

Figure 5.5: Overview of enabling factors for VBHC

Relationship enablers
Interviewees mentioned that trust between actors is essential for successful implemen-
tation. Trust is an intangible but highly important factor in relationships and allows
for collaboration between actors. One of the interviewees mentioned the example of
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Santeon, a group of hospitals that pioneers in VBHC: “They also do a benchmark with the
hospitals to analyse the outcomes and, in that way, challenge each other [. . . ] The analysis will
look at what you do differently and sometimes they work together to see how colleagues do it to
learn and improve. There exists a mutual trust and they also have much more coordination”. In
order to exchange data on outcomes, trust needs to be established among the providers
and activities have to be coordinated.

Financial enablers
The interviewees that were related to healthcare from an organisational point of view
mentioned that there are few resources to innovate in terms of time and money. Mul-
tiple years contract would offer providers more certainty and allows them to start long-
term innovation projects. In addition, interviewees mentioned that a different financial
stimulus would contribute to motivating providers to achieve certain outcomes instead
of a DTC code. The overarching goal then would be creating value for patients.

IT enablers
One of the most important enablers related to IT is standardisation. Many actors are
working on standardisation which results in, again, heterogeneity in solutions and
fragmentation of care delivery. Interviewee 1.6 explains that standardisation should be
coordinated by one party: “I think that the way in which we get the information standardized
so that data exchange is scalable and readily available, that there should be one organization that
takes the lead. An organization that simply says: we have three options A, B, C. We choose to do
A, for this and this reason. Done.” When standardisation is achieved, major steps forward
can be taken in semantic interoperability and outcome measurement.

Further, interviewees mentioned that reliable and real-time data would enable actors to
assess their performance and make decisions accordingly. For VBHC this is important
as patients’ treatment can be evaluated regularly and, if necessary, the original plan
can be adjusted to achieve the envisioned outcomes.

Specific IT-solutions mentioned were data exchange networks solutions such as XDS
and Medmij. Consultancy interviewees mentioned the use of wrappers and APIs to
connect legacy systems with, for example, a platform. Indeed, one single platform where
all different stakeholders can come together was also opted as a solution to overcome
fragmentation. Benchmarking providers came up several times which could provide the
necessary insight into outcomes on an aggregated level and learn from others. An
innovative solution for clinical research mentioned was the use of a Personal Health
Train. This innovation allows clinical researchers to use data from multiple sources but
instead of the data travelling to one processing point, the ‘train’ comes by the data
sources to extract the data. Further, automating processes where possible is necessary to
reduce the manual interaction and lowers the administrative burden.

Implementation enablers
For successful implementation, several enablers were mentioned by the interviewees.
First of all, it is important to start small and gradually scale up. Second, communication
and clear objectives are necessary to gain support from the stakeholders. For example,
explaining the benefits of reporting certain data types. This also related to the intrinsic
motivation of clinicians to achieve the best possible care for their patients. Together, these
can determine the success of implementation.



5.1 preliminary interview 47

Another, more abstract implementation enabler is a changing mindset of stakeholders.
Interviewee 1.1 suggests that one has to think in health instead of sickness, which refers
to the core concepts of VBHC. Furthermore, actors have to be less stubborn and realise
that collaboration will create the power to impact healthcare.

5.1.5 Implementation
The category implementation refers to the question “how?” rather than the barriers or
enablers previously discussed. From the stakeholder analysis, it was found that the
government plays an important role as they have a high interest in healthcare improve-
ment and the power to do that. Interviewees agreed on the fact that the government
should have a facilitating role and market players should be the drivers. Interviewee 1.3
mentions that: “the government should reduce or eliminate barriers if there would be any”.
However, according to interviewee 1.6, there should be a right balance between market
forces and guidance of public bodies, because market forces lead to innovation. Fi-
nally, one party must take the lead to streamline the variety of initiatives and coordinate
implementation.

Figure 5.6: Overview of implementation factors for VBHC

5.1.6 Conclusion Preliminary Interviews
There is a design flaw in the current healthcare system that leads to misalignment
of interest and trust issues between stakeholders. Whereas providers are looking for
a positive business case, insurers control the legitimacy of the provided care strictly.
Including outcome indicators in contracts is not a silver bullet to fix the underlying
trust issues between insurers and providers. In fact, ill-defined outcome indicators and
no uniformity of measurement procedures would only lead to more administrative
efforts and there still would be mistrust, but then based on the achieved outcomes.

According to the interviewees, VBHC requires collaboration and trust between the
actors. When there is no trust, actors will continue to have a suspicious attitude and
the need for control. Even if there were IT capabilities to measure outcomes and IT
systems would be interoperable, it would not solve the root causes of the problems.
Therefore, the problem is scoped down to these trusts issues. The following section
will further explore the concept of trust.
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5.2 exploring the concept of trust
In the preliminary interviews, several interviewees emphasized the importance of trust
between actors and stakeholders for VBHC. Indeed, theorists have seen trust as an
intangible asset that is required for collaboration in and between organisations (Lopez-
Fresno, Savolainen, & Miranda, 2018). A much-cited article by Mayer, Davis, and
Schoorman (1995) studies trust and defines it as “willingness to be vulnerable to another
party”. While there are many different definitions of trust, it often involved terms as
‘vulnerability’, ‘confidence’, ‘positive expectations’ and ‘perception’ (Rousseau, Sitkin,
Burt, & Camerer, 1998). Based on literature and empirical evidence, Rousseau et al.
(1998) proposed the definition: “Trust is a psychological state comprising the intention to
accept vulnerability based upon positive expectations of the intentions or behaviour of another”,
which is followed in this study.

5.2.1 The Relationship Between Trust, Trustworthiness and Transparency
The level of trust depends on the extent to which the trustee is perceived as trustworthy
(Mayer et al., 1995). In Mayer’s trust theory, the perceived trustworthiness is influenced
by the following characteristics of the trustee:

• Benevolence. The perceived willingness of an organisation to do well aside from
an egocentric profit motive.

• Integrity. The extent to which an organisation follows rules and principles that
are acceptable perceived from another organisations’ perspective.

• Ability. All the skills, competencies, and characteristics that enable an organisa-
tion to execute influence within a task- and situation specific nature.

Trustworthiness perceptions are key in building and maintaining trust in relationships.
Schnackenberg and Tomlinson (2016) studied the concept of transparency and argue
that it is an antecedent of trustworthiness. Transparency shapes the perceptions to what
extent the trustee is benevolent, integer and competent. Schnackenberg and Tomlinson
(2016) determines four characteristics of transparency. First, transparency is about
information. Secondly, this information is intentionally shared by one party to another.
Third, the interpretation of the information depends on the perception of the receiver
(i.e. the trustor). Fourth, and finally, transparency is related to the perceived quality of the
information. Consequently, Schnackenberg and Tomlinson (2016) define transparency as
‘the perceived quality of intentionally shared information from a sender’.

In the article, Schnackenberg and Tomlinson (2016) draw upon the trust theory of
Mayer et al. (1995) and argue that the expectations of the trustee’s intentions can be
shaped by the quality of shared information (i.e. transparency). The authors propose
a conceptual model, as presented in Figure 5.7, to show the relationship between trust,
trustworthiness and transparency. Transparency is divided into three factors:

• Disclosure. This is the extent to which relevant information is shared open and
timely by another party. Besides transferring information it must be documented
and communicated appropriately.

• Clarity. Information must be clear, comprehensible, understandable and coherent
in order to analyse and interpret it.

• Accuracy. The extent to which the trustor perceives the information as correct
and reliable. Accurate information is associated with truthfulness and honesty.
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Figure 5.7: Conceptual model of the relationship between trust, trustworthiness and trans-
parency. Adopted from Schnackenberg and Tomlinson (2016).

5.2.2 Managing Transparency
Relational trust is derived from repeated interactions over time between trustor and
trustee (Rousseau et al., 1998). Building trust requires frequent communication and
information sharing (Lopez-Fresno et al., 2018). Increasing the disclosure, clarity and
accuracy of the information positively influences the trustor’s perception of the in-
formation quality (Schnackenberg & Tomlinson, 2016). In turn, this will enhance the
perceived trustworthiness of an organisation and influences the level of trust positively
(Mayer et al., 1995).

Organisations are able to control the perceived trustworthiness to some extent by
shaping expectations using mechanisms that influence disclosure, clarity and accuracy.
Schnackenberg and Tomlinson (2016) proposes some examples for managing these el-
ements. For example, disclosure can be managed by using open information system,
clarity by the way information is framed and presented, and accuracy by performing
internal and external audits.

5.2.3 Transparency for VBHC
Since transparency can be managed and indirectly influences the level of trust, it is
interesting to determine how this can be realised in Dutch healthcare for the purpose
of VBHC. Increasing transparency in the IT architecture would have the following
benefits:

• Continuous quality improvement. Providers gain more insight into their own
business and additionally provides the opportunity to learn from each other and
share best practices.

• Improved decision-making. Policymakers and managers are able to act upon
data instead of making false assumptions.

• Positive financial stimulus. Insurers can benchmark providers and reward them
on quality.

• Patient empowerment. Patients are able to see which provider or treatment fits
their needs best and can make informed decisions.

The in-depth interviews are used to find out what components can be integrated into
the IT architecture to manage transparency in healthcare.
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5.3 in-depth interviews
In the previous section, the model of Schnackenberg and Tomlinson (2016) was ex-
plained. The disclosure, clarity and accuracy of the information can be closely man-
aged within an organisation itself in order to strategically shape the expectations of the
trustor and consequently influence the level of trust. The in-depth interviews are used
to find out what components are missing to manage transparency in the IT architecture.
Hence, this could lead to trust-building in the relationship between stakeholders.

The interview protocol was based on the conceptual model of Schnackenberg and Tom-
linson (2016) and the three factors (i.e. disclosure, clarity and accuracy) were central
to the interviews. The interview protocol is included in Appendix F. In total, 4 inter-
views were conducted with persons having various expertise. Table 5.2 presents the
participants, the organisation they represent and their expertise.

Table 5.2: Overview participants in-depth interviews

ID Organisation Expertise

2.1 Healthcare provider (pioneer in VBHC) VBHC and IT

2.2 Healthcare insurer (pioneer in value-based
reimbursements)

VBHC and payments

2.3 IT supplier Data-driven healthcare

2.4 Academic hospital VBHC implementation

Similar to the preliminary interviews, the in-depth interviews were recorded, tran-
scribed and analysed. The software ATLAS.ti was used for data analysis. The method-
ology for data analysis can be found in Chapter 3: Methodology. The data analysis
resulted in 5 overarching code groups: (i) Transparency & VBHC, (ii) Transparency
risks, (iii) Principles, (iv) Requirements1, (v) Architectural components. The under-
lying codes are interrelated within and across the groups. The relationships on an
aggregated level can be found in Figure 5.8.

Figure 5.8: Overview of overarching code groups and relationships

1 Codes regarding requirements are merged with the requirements found in the preliminary interviews.
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5.3.1 Trust, trustworthiness and transparency for VBHC
First, the findings from the environmental analysis and the concept of trust were ex-
plained. To verify whether increasing transparency in the IT architecture would be
a solution, it was validated throughout the interview. The interviewees were asked
questions such as: “What would be the effect of transparency on the relationship between
stakeholders?”. All interviewees acknowledge the trust issues between stakeholders
and, interestingly, they all confirm that transparency is a part of the solution in the
long term.

Fundamental for VBHC are outcome measurements. The information derived from
these measurements shape the healthcare journey for individual patients shows where
healthcare should be improved and enable insurers to pay for performance. Accord-
ing to interviewee 2.1, trusting the information systems and the underlying processes
is key to trust data. Communicating how underlying IT processes are organised and
gaining experiences with the systems enhance the perceptions. Nevertheless, intervie-
wee 2.4 emphasizes that negative experiences with information systems can destroy
the established trust right away.

Advantages of transparency recognised by the interviewees were that it may lead to
data-driven healthcare where stakeholders are enabled to reason on data. Reasoning
from the same data results in a mutual understanding of definitions. Interviewee 2.2
expects that, in line with the theory, transparency will influence the perceived ability
of the providers and, in turn, insurers will trust more and more on these outcomes. A
side effect is that providers feel an extra responsibility to do well (i.e. benevolence) and
less law and regulation are necessary. Interviewees agree with the theory that the way
how information is framed (i.e. clarity) affects the perceived trustworthiness.

Nevertheless, there are some risks to transparency. A major concern is that being trans-
parent about health outcomes will have negative consequences for providers. For example,
insurers use this information not to reward, but to impose penalties on providers. Con-
sequently, data could be contrived for egocentric motives such as company image or profits
to avoid those penalties. Moreover, there are privacy risks involved because if there is a
possibility to trace data back to the patient. In practice, transparency could lead to more
questions from patients and an excessive need to double-check data which is time-consuming.

All things considered, a solution that increases transparency has a huge potential. It
creates the opportunity to compare outcomes and improve healthcare. As noted, this
is not without risk. Trust can only be established when the intentional vulnerability
is not exploited (Rousseau et al., 1998). An essential prerequisite for sharing data
and outcome information is that there should be no punishing strategies attached to
‘negative’ results and the privacy of individuals (i.e. patients, clinicians) should be
respected.

5.3.2 Principles
In the interviews, it was found that some topics and quotations kept reoccurring. If
these quotations had a normative, directive character, they were labelled as principles.
Principles can be used for the design. Figure 5.9 shows the principles derived from
both interviews.
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Figure 5.9: Overview of principles mentioned in the in-depth interviews

By far the most mentioned principle is to maximise value for patients. This is the ultimate
objective of VBHC and should be taken into account in the design. Another principle
often mentioned is continuous learning, which refers to the fact that VBHC aims to im-
prove healthcare by learning from data and each other. In order to do that the quality
of information should be able to assess, leading to the principle information quality is
traceable. The principle unity of language stimulates the ability to exchange data and
interpret syntax and meaning. Associated with interpretation is the principle that in-
formation is clear and understandable, referring to the presentation of information. While
technology is an inevitable element in VBHC, a human touch is indispensable. There-
fore, there should be a balance between technology and human interactions. Finally,
an obvious, yet important principle is to comply with law and regulations.

5.3.3 Requirements
Quotations that were implying IT should, must or could have a characteristic or the ability
to do something were labelled as requirements. The requirements are the means to
realise the objective of the architecture (The Open Group, 2018). The requirements are
categorised into the dimensions of transparency: disclosure, clarity and accuracy.

Disclosure
Requirements for disclosure involve the availability and accessibility to relevant infor-
mation. In line with one of the criteria of Porter and Lee (2013), all actors must have
access to relevant data. This is a very broad requirement and should be specified more
in terms of access management. Another essential requirement for VBHC is the abil-
ity to exchange data and data should be available for analysis on patient-level and on an
aggregated level. These requirements facilitate the principles ‘continuous learning’ and
‘maximising value for patients’.

In all circumstances, patients should be in control of their own patient journey. That means
that patients should have all relevant information available to make informed decisions
about received care. Furthermore, patients should be informed when their data is
consulted by others. This establishes patient empowerment.
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Figure 5.10: Overview of requirements for disclosing relevant information

Clarity
Requirements that are categorised under clarity involve notions about the communica-
tion and presentation of information. At a higher level, it was mentioned that before
implementing something the objectives and plan should be communicated clearly. Accord-
ing to interviewee 2.4, successful implementation can only be achieved by frequently
informing stakeholders. Associated with that requirement is determining roles and re-
sponsibilities. At an operational level, the presentation of information should be tailored to
the audience. For example, a patient requires a different vocabulary or visuals to under-
stand information than a physician. Information can be presented in an easy way to
the patient, there should, however, always be a possibility to get information explained by
a professional. Finally, it is important that the effectiveness of communication is evaluated
for the purpose of further improvements.

Figure 5.11: Overview of requirements for communication and presentation of information

Accuracy
The most mentioned requirements for accuracy are standardising information- and data
models and define value and outcome indicators. Both these requirements refer to the
principle ‘unity of language’. If data is structured according to standards, it is easier
to reuse data for different purposes. Reusing data saves time and is less prone to human
error and thus increasing accuracy. Further, underlying IT processes should be robust.
This can be realised by automating processes to reduce human errors. In addition,
data should be validated. An important notion by interviewees 2.1 and 2.2 is that if the
receiver recognises themselves in the data it will positively influence the perceived data
accuracy. Finally, there should be multiple sources of data. Interviewee 2.3 emphasizes
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the importance of multiple sources of truth. Achieving similar results with various
data sets increases the perceived accuracy.

Figure 5.12: Overview of requirements for ensuring accuracy of information

5.3.4 Components Architecture
The interviewees noted many solutions to fulfil the principles and requirements men-
tioned above. These solutions will be discussed according to the five layers of the Nictiz
model.

Organisation
The highest layer includes law and regulations, and organisational policy. Needlessly
to say, all actors have to comply with the law and regulations that were set by the
government. However, some current laws hamper analysis on an aggregated level.
Interviewee 2.2 notes that “In other countries, the use of medical data in the context of quality
research is regulated by law. However, with the condition that it is pseudonymised. In my
opinion, we have not yet sufficiently arranged this for the Netherlands.” The first component,
therefore, is to add an addendum that allows for clinical research without consulting the
patient for consent. In addition, for analysis on both aggregated as well as patient-level
data, determining IT capabilities is essential according to interviewee 2.2.

Other important elements in this layer are the organisational structure and roles and re-
sponsibilities of actors. For structure, governance of IT systems is necessary to support
people in using the systems as they were designed for. To this end, a ‘go-to’ point to
report issues was mentioned by interviewee 2.1 as people often do not know where to go
with questions or errors. The roles and responsibilities are in line with the stakeholder
analysis conducted in chapter 4. The most important notions for transparency were:

• Patients are care receivers and should be empowered to take control of their own
patient journey. They are, however, not responsible for managing their health
records.

• Providers are responsible for recording and managing medical data.
• Insurers should be taken a partnership role instead of a controlling one.
• The government should use its power to impose standards to steer actors in a

direction for a solution.
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Interviewee 2.3 expresses concerns about the relationship between insurers and providers:
“Transparency can be the means to remove all the stigmas and provide opportunities for good
and sustainable solutions [...] if you want to use transparency to improve, then the power level
of actors must be neutralised.” The interviewee suggested an independent party to mediate
between insurers and providers.

Business processes
The care processes are the operational processes to realise value for the patients. For
VBHC it is necessary to tailor care processes to the needs of the patient and measure and
evaluate the health status frequently so that the effectiveness of the treatment can be re-
vised. Patient-reported outcome measures (PROM)s and Patient-reported experience measures
(PREM)s questionnaires were repeatably mentioned by all interviewees as a means to
indicate the perceived health status and perceived care service experiences. Further-
more, implementing standard moments for shared decision-making facilitates patient-
centredness. In order to make an informed decision, patients should receive outcome
information of both their own situation and general outcome information for the med-
ical condition. Interviewees 2.1 and 2.2 mention that information should be first pro-
vided face-to-face during the consult so that it can be explained in detail. This contra-
dicts with interviewee 2.4 who argues that information should be accessible upfront so
the patient can prepare for the consult.

Crucial for adding value and measuring outcomes is to have an accurate administration.
Interviewees 2.1 and 2.2 notice that the perceived accuracy of information is influenced
by whether one recognises themselves in the data. Several components were identified
to increase trust in administration and processing of data: audit processes, human veri-
fication, and technical verification. Audits can either be internal or external. By human
verification is meant that the data must be verifiable by the patient and clinicians. Tech-
nical verification entails checking the overall quality of the data set. This will be further
discussed in the application components.

Exchanging data and information across health organisations leads to new dynamics in
business processes. First, on an individual level, it enables clinicians to receive relevant
information (e.g. patient history). This leads to more interaction between clinicians
and consultation within or across disciplines and organisations is getting more common.
Second, on an aggregated level, it may raise questions ‘how can institution X achieve
such a low rate of recidivism for population Y?’. Interviewee 2.1 mentions that it is
common that working visits take place to learn from each other.

Interviewee 2.3 mentioned an interesting component: a ’feedback loop of understanding’.
By using feedback mechanisms clinicians can learn whether information was clear to
the patient. Other way around, this is the same for information from the patients side.
It is important that during consult clinicians ask a patient questions to verify understanding.
Also, understanding can be evaluated if expectations of the treatment have been met,
for example with PROMs and PREMs.

Information
Interviewee 2.1 distinguishes three types of information: (i) Outcomes, (ii) Process, and
(iii) Costs. Outcomes are related to the patient’s health status, process to the efficiency
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of activities, and costs to the monetary price. In table 5.3 the level of interest in each
information type is shown per actor2.

Table 5.3: Types of information and relevance per actor

Actor Outcomes Process Costs

Patient ++ + - - -

Physician ++ + -

Healthcare management + ++ ++

Insurance company + + ++

Following the requirements, the information presentation should be tailored to the au-
dience. For patients, this means simple visualisations and textual explanations of their own
health status and progression. Interviewee 2.1 and 2.4 emphasize that being transpar-
ent to patients increases willingness to actively participate and to provide more information,
which enhances the data accuracy. Besides personal outcome information, patients
are curious to see how others experienced the disease and their outcomes. Therefore,
patient-like-me is a value-adding component for patients. Patients are less interested in
the data provenance, used methods and how data was processed. It is however im-
portant to show differences in outcomes between institutions so that the patient can make
informed decisions.

Different from patients, providers (i.e. clinicians and management) and insurers are
interested in how this information is constructed and what definitions are used. That
is vital for comparing information. Aggregated information can be presented inter-
nally within the organisation or externally where it can be used to benchmark providers.
Analysing aggregated information and differences between them leads to new insights.
Interviewee 2.2 points out that if there is a sound and valid method to present out-
come information, insurers can take this into account for contracts. Transparency can
therefore pave the way to value-based contracts.

For outcome information, many indicators were mentioned. While their is no common
definition of the concept value, all interviewees argued that outcome indicators entail
much more than just the clinical outcomes. The following indicators were mentioned:

• Clinical outcomes (e.g. mortality, complications, functional status)
• Sustainability of achieved health status
• PROM
• PREM
• Quality of life
• Life goals

Interviewee 2.3 notes that: “There should be agreement on a process that guarantees the
value of a treatment. That is currently not the case. [...] We all have elements, but there
are no uniform measurement units that we everyone can use.”. This refers to the fact that
there is no agreement on a definition of value which results in various components to

2 Indicators table 5.3: very important (++), important (+), neutral (+-), slightly unimportant (-), unimportant
(- -)
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measure value. A component is to determine outcome indicator sets per medical condition.
As mentioned in chapter 2, the national programme ‘outcome-based healthcare 2018-
2022’ and ICHOM determine disease-specific outcome indicator sets. According to
interviewee 2.4 the sets of ICHOM are outdated and complex to implement in practice.

Fundamental to information is data. In operational processes, the availability of patient’s
medical data, for example, the medical history, is essential to provide personalised treat-
ments. A component that can realise this is BgZ. To gather all this information in an
efficient way, data exchange standards should be used. HL7 FHIR / CDA is a commonly
used standard for exchanging data.

As noticed in requirements ‘information- and data models should be standardised’.
Components that can achieve this are using common models such as the OMOP model
for data, Zibs for information, and SNOMED-CT for terminology. Interviewee 2.1 ar-
gues that the outcome indicators defined in the programme ‘outcome-based healthcare
2018-2022’ fit approximately 80% of the Zibs. In addition, the interviewee pointed out
that the Zib: ‘problem’ could be an essential component for VBHC because it contains the
diagnosis.

Application
The most important applications that were mentioned are: (i) HIS and EHR, (ii) PHE
and patient portal, and (iii) a platform for quality registration. Notions about each of
these applications will be discussed below.

First, for the EHR it is important that it is easy to find where to fill out the information, to
prevent that information is put in free texts. This unstructured data is hard to process
and compounds the problem of data extraction and integration. Further, there should
be a tool to report issues. This has the advantage of

In order to facilitate data exchange among healthcare organisations, interviewee 2.4
suggests that all healthcare providers could be using a HIS from one specific supplier.
On the one hand, this may prevent vendor lock-in. On the other hand, it contradicts
earlier statements that providers should be able to choose their own systems because
that stimulates innovation in the market. Whether the HIS supplier is the same or
different it should be possible to exchange data. A suggested component is a connection
between applications so that data can be easily extracted and reused. An ETL process is
an important component because it is used to transform data into a readable format.
For example, mapping data from ’woman’ to ’female’. Finally, physicians should have
the option to withhold information when exchanging data. For example, in case it is
considered irrelevant for the patient’s demand of care or when there is a risk to bias
another physician.

Second, the institutional patient portal and PHE provide patients access to their own
health records. Interviewee 2.4 mentions that the patient portals are insufficiently acces-
sible. Many components were mentioned by the interviewees to increase transparency
for patients: tools to ask for explanations and to report issues, FAQ or chatbots, dashboards
and/or digital patient journeys (i.e. process). In addition, similar to the physician, pa-
tients should have the option to withhold information. In a PHE the patient has access to
their medical data from different healthcare providers by using the networks of Med-
mij. However, insurers are not included. Including insurance information in PHE can
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add value for the patient because all health-related information is accessible via one
interface.

Third, the quality registration was discussed. Currently, data is provided by healthcare
providers to the quality registration institutions, where data is processed. When the
quality registration provides the data back as information, it often leads to many dis-
cussions. According to interviewee 2.1, this stems from the fact that data processing
is external and not transparent. The interviewee points out that: “the closer data is pro-
cessed to the source, the more trust there is in data”. Therefore, a component is in-house data
processing. The data that is sent to the quality registration should not be identifiable to
an individual person. Ways to safeguard privacy are: pseudonymisation, data randomisa-
tion and data perturbation. In addition, insurers and providers should be able to access
quality registration.

A final note of application is about establishing the accuracy of data because it is
crucial for the perceived information quality. Hence, interviewees noted that techni-
cal verification, logging of data adjustments, and testing information systems are important
components.

IT-infrastructure
The infrastructure is one of the most important layers for data exchange. It was noted
that providers could use an intermediary for data exchange. For example LSP. Further-
more, interviewees 2.1 and 2.3 mention the use of a platform that provides outcome in-
formation, which can fulfil the requirement to analyse data on an aggregated level.
Interviewee 2.1 notes that the level of security must be aligned in order to exchange data.

Most marked quotations involved increasing the accuracy of the data. This includes:
validation of medical equipment, using various databases (e.g. public institutions, PHE, Vektis
(insurance data)) and data provenance. The latter is important for accuracy because stake-
holders need to know where the data is coming from to perceive it as accurate. There
were, however, no specific components mentioned to achieve this.
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5.4 summary expert interview analysis
In this chapter, the findings from the semi-structured interviews were discussed and
analysed. The interviews were divided into two phases: preliminary interviews and
in-depth interviews. This section will provide a summary of the findings.

Preliminary interviews. The problem has been explored in more depth through
interviews with experts from different backgrounds and aimed to answer subquestion
2: “How is the current IT landscape of the Dutch healthcare system designed and where does
it hamper the transition to VBHC?”. The interviews showed, in line with the literature
review, that IT indeed is one of the major barriers for outcome measurement and thus
VBHC. Another important barrier found was the low level of trust between stakehold-
ers. Even if other IT barriers were eliminated, it is still not likely that VBHC would be
a success. In fact, ill-defined outcome indicators and no uniformity of measurement
procedures would only lead to more administrative efforts and there still would be mis-
trust on data, but then based on the achieved outcomes. For that reason, establishing a
level of trust is an essential prerequisite.

Trust, trustworthiness and transparency. The analysis was scoped down to the
trust issues. Trust can be defined as “the willingness to be vulnerable based upon
positive expectations of the behaviour of others” (Rousseau et al., 1998). The level of
trust is influenced by the perceived trustworthiness. Transparency is an antecedent
of trustworthiness and can be managed through mechanisms for disclosure, clarity
and accuracy. A transparent VBHC solution would provide the following benefits:
(i) improve quality continuously as providers can learn from each other, (ii) improve
decision-making based on data, (iii) provides an opportunity for value-based payments
and (iv) increases patient empowerment.

In-depth interviews. The concept of trust and transparency were the point of
focus for the in-depth interviews. The interviewees acknowledged the trust issues be-
tween stakeholders and that indeed transparency could be a part of the solution. While
increasing transparency has the potential to facilitate a transition towards VBHC, it also
comes with risks, such as competitive disadvantage, tendency to contrive data and pri-
vacy risks. These risks should be taken into account in the design. Further, principles
and requirements to increase transparency in the architecture were captured. Finally,
the interviewees mentioned a wide variety of possible components to fulfil these prin-
ciples and requirements. This provides a solid basis for the design phase in order to
answer subquestion 3: “What components could be incorporated in the IT architecture to
facilitate a transition towards VBHC?”.



6 D E S I G N
This chapter presents the components that can be integrated into the IT architecture to
tackle IT barriers and enhance transparency. First, the architecture vision explains the
objectives and how stakeholders needs are fulfilled. Next, principles and requirements
are determined to guide the design efforts. Subsequently, components that realise the
architecture vision are presented using the layered model of Nictiz. Finally, improve-
ment opportunities of the architecture are discussed.

6.1 architecture vision
The architecture vision aims to provide a high-level overview of the desired to-be sit-
uation. It describes the drivers for change, the objectives of the architecture and how
stakeholders concerns are addressed (The Open Group, 2018). The main driver for
change are the current problems the Dutch healthcare system is facing. VBHC is a can-
didate framework to reform healthcare from a volume-based to a value-based system.

Through literature research, it was found that current IT systems hamper a transition
to VBHC. Specific deficiencies in the as-is architecture entail a lack of patient-centredness,
inaccessible or unavailable data, and complex to extract and integrate data. Purely focusing
on the technical aspects would however not lead to a successful transition as it depends
on the way actors interact with it. Analysis of the semi-structured interviews revealed
that trust is a vital element to unlock the potential of VBHC. This architecture aims
to facilitate VBHC through integrating components that reduce or eliminate the IT
barriers and increase transparency. The main objective and envisioned implications
are described in the textbox below.

architecture vision

The main objective of the architecture is: “to increase interoperability and trans-
parency in healthcare systems”. This would lead to:

• Patient empowerment: At the heart of VBHC is the patient. Patients
should be able to make informed decisions about their patient journey. They
have the right to choose a healthcare provider that fits their needs best. Ac-
cess to personal outcome information and general outcome indicators is key
to achieve patient empowerment.

• Continuous quality improvement: VBHC is about continuous quality im-
provement of healthcare on a personal and societal level. Operating in an iso-
lated environment will not contribute to this vision. The architecture should
stimulate providers to collaborate across the care cycle and share information.
Moreover, comparing outcomes allows healthcare professionals to discuss dif-
ferences and come to new insights.

• Value-based contracts: Transparency on outcomes can provide an opportu-
nity to move away from ill-structured financial incentives and allow insur-
ance companies to pay for delivered value. This encourages providers to aim
for maximum value.

60



6.2 principles 61

6.2 principles
For the development of the design, the Hospital Reference Architecture (ZIRA) will be
followed. ZIRA offers basic and derived principles that are based on NORA, DIZRA,
TOGAF and best practices from hospitals. The five basic principles are listed in Section
4.3. ZIRA principles are the foundation for the design efforts but are tailored to the
objectives of the design as outlined in the Architecture Vision. Too many principles
can reduce the flexibility of the architecture that (The Open Group, 2018), hence, the
most relevant principles have been selected. Principles are adjusted based on findings
from the semi-structured interviews. Table 6.1 presents the selected principles. The
last column refers to the sources of ZIRA principles, interview IDs or literature.

Table 6.1: Principles architecture

Principle Statement Source

P1: Patient’s value comes
first

Healthcare services are patient-
centred and aim for maximum
value to achieve.

ZIRA 1; (Porter & Teis-
berg, 2007); (1.1); (1.2);
(1.3); (1.4); (2.1); (2.2);
(2.3); (2.4)

P2: Unambiguous and one-
time recording of data

Information is stored in a struc-
tured, uniform way that allows
for interpretation and reusability
for different purposes

ZIRA 3; (1.4); (1.7); (2.1);
(2.2); (2.3)

P3: Quality can be derived
from the care process

Stakeholders should have insight
in care processes and quality of
provided care

ZIRA 5; (1.2); (2.1); (2.2);
(2.3); (Kroneman et al.,
2016)

P4: Collaborate and continu-
ous learning

Stakeholders learn from data and
each other.

ZIRA 2; (1.1); (1.4); (1.7);
(2.1); (2.2); (2.3); (2.4)

6.3 requirements
Bahill and Dean (2009) define a requirement as “a statement that identifies a capability
or function that is needed by a system to satisfy its customer’s needs”. The requirements
are derived from the architecture vision and principles and are based on the literature
review and the semi-structured interviews. They are the means to achieve the vision
and state what the design should or must apply to (The Open Group, 2018).

Requirements can be either functional, describing what the architecture must or should
be capable of, or non-functional describing how the architecture should behave in terms
of performance and usability (Bahill & Dean, 2009). For example, for VBHC, the archi-
tecture must be capable to offer care providers patient-related (clinical) data to analyse.
It should be presented with simple graphics for patients to understand. Here, the first
is functional and the second is non-functional. The requirements are presented in Table
6.2. The requirements are identifiable by their ID: R (requirement) + number and the
type of requirement is indicated by F (functional) or NF (non-functional).
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Table 6.2: Requirements architecture
ID Requirement Principle(s) Type

R1 Patients must have access to their own medical records P1, P3 NF

R2 Patients must be able to make informed decisions P1 NF

R3 The care process should be based on patient’s care demand and
individual preferences

P1 NF

R4 Patients should be informed actively by the provider (push) P1 F

R5 Providers should be able to access medical data without permission
under very special circumstances

P1 F

R6 Data must be available for analysis on a patient-level P1, P3 F

R7 There could be a feedback loop to assess understanding P1, P4 F

R8 Information must be stored modular P2 F

R9 Information should be reused by information systems P2 NF

R10 Outcome indicators should be based on disease-specific templates P1, P2 F

R11 Information model standards must be used P2, P3 F

R12 Terminology standards must be used P2, P3 F

R13 Both structured and unstructured data must be exchangeable P1, P2 F

R14 Data exchange must be based on standards P2 F

R15 Aggregated outcome information should be publicly available P1, P3, P4 F

R16 Data should be associated with detailed provenance P3 NF

R17 Care providers must have access to relevant information for care
provision

P1, P3 NF

R18 There should be a person or department within healthcare organi-
sations responsible for data quality

P3 F

R19 The process for data extraction and processing should be robust and
reliable

P3 NF

R20 Aggregated data must not be traceable to individuals P3, P4 F

R21 Information systems must at least comply with law and regulations
regarding information security (e.g. GDPR and NEN7510)

- NF

6.3.1 Prioritising Requirements
The design aims to comply with all the requirements as stated in Table 6.2. Require-
ments can be categorised into objectives and constraints. Objectives are features or
behaviours that the design should have or perform and constraints are restrictions on
the design or components (Dym, Little, & Orwin, 2013). If a constraint is not fulfilled,
then the design is unacceptable. To prioritise requirements, the MoScoW method is
used. The priority of the requirement is categorised into the following four groups:

• ‘Must’ meaning that the requirement must be fulfilled.
• ‘Should’ meaning that it is highly desirable to fulfil this requirement.
• ‘Could’ meaning that it is desirable to have but not essential.
• ‘Won’t’ meaning the requirements will not be fulfilled in this design.
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To successfully design the components and realise the architecture vision, at least the
‘must’ requirements (e.g. constraints) should be fulfilled. There must be compliance to
at least: R1, R2, R6, R8, R11, R12, R13, R14, R17, R20 and R21.

6.3.2 Metrics to Measure Achievement of Requirements
Whereas objectives can be met to a certain point of satisfaction, constraints are typically
binary and are either satisfied or not. Compliance with the objective requirements will
be assessed by a qualitative value analysis. A qualitative approach is selected to mea-
sure the achievement of the objectives with a point rewarding system, indicating the
degree of satisfaction where 0 is unsatisfactory and 2 is very good. The achievement of
constraint requirements will be assessed through a binary scale. However, some con-
straint requirements demand a ‘yes-or-no’ answer and additionally a value scale. For
example, ‘R1 patients must have access to their own medical records’ can be answered
with yes or no but requires also the degree of accessibility (no access, partial access
or complete access). Table 6.3presents the metrics to measure the achievement of the
requirements.

Table 6.3: Metrics to measure achievement of requirements
ID Type Metric

R1 M No: No or limited access (0)
Yes: Access to part of the record in different places (1)
Yes: Access to complete record in one place (2)

R2 M No: Patient does not have any information or a say in the process (0)
Yes: Patient has some information and is involved in decision-making (1)
Yes: Patient is well informed by multiple information sources and can take decisions dur-
ing the entire care process (2)

R3 S No: One-size fits all (0)
Yes: Standard care process with evaluation (1)
Yes: Care process is tailored to patient’s care demand and frequently evaluated (2)

R4 S No: Not informed about updates in record (0)
Yes: Actively informed about about updates (1)

R5 S No: No access possible (0)
Yes: Access possible under special circumstances (1)

R6 M No: No data available (0)
Yes: Basic information is available (e.g. BgZ) (1)
Yes: All data necessary for analysis is available in the appropriate format (2)

R7 C No: There is no feedback loop
Yes: There is a feedback loop

R8 M No: Information is not stored modular (0)
Yes: Part of the information is stored modular (1)
Yes: All information is stored modular (2)

R9 S No: Information cannot be reused (0)
Yes: Information can partly be reused and partly overlaps with other information (1)
Yes: Information is stored once and can be reused (2)

R10 S No: Indicators are not based on any disease-specific templates (0)
Yes: Indicators are partially based on disease-specific templates but slightly differ per
provider (1)
Yes: Indicators are based disease-specific templates and enable value achieved to be com-
pared (2)

R11 M No: No information models are used (0)
Yes: Information is partially based on data and information standards (1)
Yes: Information is fully based on data and information standards (2)
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ID Type Metric

R12 M No: No terminology standards are used (0)
Yes: Terminology standards are partially used but some definitions can be ambiguous (1)
Yes: Terminology standards are the norm and organisations have the same understanding
of information concepts (2)

R13 M No: Structured and/or unstructured data cannot be exchanged (0)
Yes: Structured and unstructured data can be exchanged between actors (1)

R14 M No: No exchange standards are used (0)
Yes: Exchange standards are used (1)

R15 S No: No information is publicly available (0)
Yes: General outcome indicators (e.g. waiting times) are available (1)
Yes: Clinical and process outcome indicators are publicly available (2)

R16 S No: Data is not accompanied by any logging information (1)
Yes: Data is accompanied with a digital signature (i.e. author and timestamp) (1)
Yes: Data is accompanied by a digital signature and a logging history (2)

R17 M No: Care providers have no access to relevant information (0)
Yes: Care providers have access to minimum information for care provision (1)
Yes: Care providers have access to all relevant information for care provision (2)

R18 S No: There is no one responsible for data quality (0)
Yes: There is a person or department responsible for data quality (1)

R19 S No: Outcomes fluctuate and the system is affected by small variations in input (0)
Yes: Outcomes are reliable, but is affected by human errors (1)
Yes: Outcomes are reliable and the system actively indicates errors (2)

R20 M No: There is possible information that can be related to an individual (0)
Yes: Information cannot be traced back to individuals (1)
Yes: Information cannot be traced back to individuals and additional state-of-the-art tech-
niques are used (2)

R21 M No: The design does not meet information security regulations (0)
Yes: The design meets information security regulations (1)
Yes: The design meets information security regulations and additional state-of-the-art se-
curity measures (2)

6.4 architectural design
This section presents the to-be architecture and components to realise it. Figure 6.1
shows the high-level overview of the envisioned IT landscape. The boxes show the
environments where data is created, stored and used. The arrows show how data and
information flow from one environment to another through networks.

At the top of the figure, the healthcare providers are visualised. Healthcare providers
create medical data and record this in the HIS. Data is processed into information and
can be analysed through an interface. To facilitate the extraction and integration of
data, a data integration centre is proposed. Following the suggestion of interviewee 2.1,
data is processed in-house to provide insight into how data sets are constructed. The
integration centre is inspired by the article Winter et al. (2018) and has the function
to ingest data, nourish and transform it into commonly used structures. The integra-
tion centre generates two types of structured data sets: personally identifiable data (n=1

level) and pseudonymised data (aggregated level). The data can be transported through
HL7 CDA and FHIR data exchange standards. For data exchange with the PHE the
Medmij network is used (Medmij, 2021). The AORTA infrastructure with the LSP can be
used to exchange data with other providers (illustrated at the left top) and to provide
pseudonymised data sets to the Quality Registry.
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The PHE is an essential application that allows the patient to view their medical data
from different sources in one place. Patients can connect their PHE to the HIS of health-
care providers if, and only if, there is a care provision agreement. In addition, patients
can add data and information themselves, for example, via wearables. Patients can de-
cide to share additional information with a physician. For example, laboratory results
obtained from another provider. This information is also sent via the Medmij network.
It enters the data integration centre where it is transformed to readable formats. The
patient can view their own patient journey in the form of a dashboard. This includes a
care path (i.e. process), progression and outcome indicators. In addition, it is connected
via an API to the quality registration so that they can view ’patients-like-me’.

The Quality Registry extracts pseudonymised data sets from healthcare providers. In
these data sets outcome indicators and process indicators are included. Outcome in-
dicators consist of clinical outcomes and patient-reported outcomes (PROMs). The
process indicators involve efficiency indicators (e.g. waiting time to first consult) and
patient-reported experiences (PREMs). The Quality Registry processes the data from
the provider and loads it into a database. A web service provides access to the data
and is used to different interfaces to interact. For patients, a special interface is pro-
vided with visuals, infographics and textual explanations. For other stakeholders, the
interface contains more detail on data provenance and how data is constructed.

Figure 6.1: High-level overview of to-be situation

Next, the components are presented per layer. The components are identifiable through
an ID: C (component) - X (name layer) + number. For example, C-O1 refers to the first
components in the organisational layer.
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6.4.1 Organisation
The top layer of the architecture concerns the business strategy, organisation, gover-
nance and agreements on a strategic level. Originally, Organisation and Law & Regu-
lations are separated in the Nictiz layered model. For simplicity, these are merged in
the design.

Law and regulations
To assess the quality of healthcare providers and to create a learning community, out-
come indicators must be publically accessible (R15). A couple of years ago, Akwa
GGZ, a quality registration institution in mental healthcare (GGZ), gained attention.
They collected outcome measures and processed these into useful insights to learn
from. However, there was no explicit consent from the patients. In addition, DPA
concluded that data was insufficiently pseudonymised, violating several laws such as
the GDPR (Dutch Data Protection Authority, 2019, p.25). To adhere to R15 - taking
into account that data must not traceable to an individual person (R20) - the following
component is suggested:

C-O1: An addendum that legally arranges data analysis on an aggre-
gated level (anonymous) without explicit permission patient

Agreements
Whereas law and regulation refer to strict compliance, agreements refer to general pro-
cedures, protocols and guidelines that have a high preference but are not mandatory.
To adhere to R10, there should be disease-specific outcome indicators. What indica-
tors are relevant to measure and evaluate during the care process? How should it be
measured? And how many times? C-O2 aims to fulfil this requirement.

C-O2: Agreement on outcome indicators and measurement methods
per disease

Another agreement concerns data availability. According to the wgbo law, healthcare
providers are not allowed to exchange data without the explicit consent of the patient.
In emergent situations, it is desirable to have the basic medical history of the patient.
For example, a patient summary. There should be a protocol to figuratively ‘break
the glass’ and provide caregivers necessary information (R5). Whenever this option is
used, patients must be informed with a notification (R4).

C-O3: Agreement on procedures and which circumstances a caregiver
can access without patient’s permission (‘break-the-glass’)

Last, but not least, there should be agreement on standards. This component is very
broad and general by purpose because there are many standards for different domains,
professions, treatments, and so on. The most important standards to be agreed upon
for semantic interoperability are: information standards (R11), data model standards
(R11), terminology standards (R12) and exchange standards (R14).
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C-O4: Agreement on standards in healthcare

Roles & responsibilities
For the design, the most important actors are considered to be the patient, healthcare
provider, insurance company and the government. The HIS suppliers have both in-
terest and power in VBHC but are not considered for the architecture. The roles and
responsibilities are referred to as a component in the architecture.

C-O5: Roles and responsibilities
• Patients are partners in the care process but are not responsible

for managing their own health record
• Physicians are responsible for care provision and data accuracy
• Management is responsible for communication of strategy and

goals
• Insurers are partners and should facilitate learning opportunities
• Government is a facilitator (i.e. law, subsidies)

Organisational structure
To increase both the perceived clarity and accuracy of the provided information, there
should be possibilities to offer feedback. Feedback can include unclear information,
for example, a patient does not understand the results of a test or a physician misses
certain graphs to interpret results. Further, the feedback includes reporting incorrect
information. This component addresses R3 and R7. The department collects these
issues and handles these or delegate them to the responsible person, department or
organisation.

C-O6: In-house department for feedback on information systems

6.4.2 Business processes
The business processes are divided into care processes and supporting processes. The
care processes are the operational processes within healthcare institutions to realise
value for the patients. Supporting processes facilitate the care processes.

Care Processes
For VBHC it is necessary to tailor care processes to patient’s health demand (R3) and
let the patient be part in the decision-making process (R2). An example to illustrate
this was given by interviewee 2.1: “If you have to switch to kidney function replacement
therapy. What are the effects of a kidney transplant? and how does a living donor transplant
compare versus a deceased donor transplant? and how does that compare with home dialysis
versus centre dialysis, or perhaps no dialysis at all, so no treatment? Dialysis is quite impactful
and kidney transplantation is often not possible or does not prolong life enough. So in some
cases the quality of life is even better than if you give all kinds of therapies.”

The type of treatment selected is up to the patient and physician. Every patient has
different needs and wishes. For example, the elderly could prefer no treatment since it
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offers a higher quality of life. A standard shared decision-making moment should be
incorporated into the generic care process (C-P1).

C-P1: Standard shared decision-making moment

Further, care processes can only be truly patient-centred if there is data to act upon. The
health status should be measured and evaluated frequently so that the effectiveness of
the treatment can be revised. This includes both clinical outcomes and patient reported
outcomes (i.e. PROM, PREM). C-P2 assures that the outcome indicators (as agreed
upon in C-O2) are measured throughout the process.

C-P2: Standard measurement & evaluation moments

The information that is provided to patients and their care givers should allow for
validation. Validation is divided into two categories human validation and technical
validation. Human validation is conducted by the stakeholders in the care process (i.e.
persons with access to medical record). Patients themselves can validate information in
simple forms (e.g. personal information). Physicians validate information based on ex-
perience, data in combination with context and peer consultation. In addition, a second
opinion can confirm or reject earlier findings. The treating physician is end responsi-
ble for data accuracy (C-O5). To establish accurate data, the following component is
necessary:

C-P3: Validation of information

Supporting Processes
If information is provided in an unclear way, one must be notified. The way informa-
tion is framed influences the perceived trustworthiness (Schnackenberg & Tomlinson,
2016). Therefore, it is important to evaluate communication effectiveness (C-P4). Dur-
ing the consults, patients must be asked whether they understood the information
clearly. For collaboration and learning, organisations can discuss interpretations and
implications. These sessions can be facilitated by the independent intermediary (C-O7).
In addition, evaluation can be supported through applications. For example, measur-
ing how many times is asked for more explanation in the PHE.

C-P4: Evaluate communication effectiveness

Finally, to increase the accuracy of information, audits must be conducted (C-P5). Inter-
nal and external audits assure quality and uniformity of care processes. In addition, IT
audits must be executed to evaluate information systems and the associated processes
to mitigate risks regarding data reliability (R19), privacy (R20) and security (R21). Au-
dits must be performed for healthcare organisations, HIS suppliers, PHEs, insurance
companies, Quality Registry and networks.

C-P5: Audit care and IT processes
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6.4.3 Information
The information components in the architecture refer to creating, storing, maintain-
ing, transforming and reusing information elements. Component C-O4 indicated the
importance of agreement on standards. This especially applies to agreements that con-
cern information architecture. If the information has been recorded in a certain way,
which is not complete or uses a different format, information cannot be exchanged the
right way (Sprenger, 2019). To adhere to P2 and the associated requirements R8, R9

and R11, the following component is proposed:

C-I1: Clinical building blocks (Zib)s are the standard

For semantic interoperability, reducing ambiguity in interpretation is required. Stan-
dardisation in terminology systems helps the architecture to increase the accuracy and
clarity of the information. The Zibs use SNOMED-CT and LOINC as standards to
describe the information elements. Additionally, these standards show relationships
between definitions, offer synonyms and layman’s terms. Consequently, these are the
preferred standard for architecture.

C-I2: SNOMED-CT and LOINC are standard terminology systems

If information is recorded according to the Zibs, data sets can be created. As men-
tioned in Section 4.3, the patient summary (BgZ) is one of those sets. For a treating
physician, at least the BgZ must be available to provide care (C-I3). Also, in emergent
situations, the BgZ should be available for the caregivers (C-O3). Furthermore, there
should be template data sets per medical disease (C-I4). Referring back to the example
of chronic kidney disease, such a data set can include diagnosis, blood values, type
dialysis, datum dialysis, etc. The combination of diagnosis and treatment is referred to
as the DTC code. Recording outcomes per diagnosis, treatment and DTC code could
eventually provide insight into the effectiveness of treatments per population group
and healthcare provider.

C-I3: BgZ is standard medical history

C-I4: Template data sets per medical disease

Aggregated outcomes on the specific diseases provide valuable insights for both physi-
cians and patients. They can understand their diagnosis and symptoms, investigate
treatment options and associated risks. In the case of chronic kidney disease, this infor-
mation can, for example, include average life prolongation for a woman between 40 and
50 years that had a living donor transplant. This information is called patients-like-me
and supports patients and physicians in making informed decisions. Patients-like-me
information should be available in the patient’s personal healthcare environment (PHE)
(C-A1).

C-I5: Patients-like-me
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Finally, information is tailored to the specific needs of the stakeholder (C-I6). As a
result of the disease-specific templates (C-I4), relevant information can be selected rela-
tively easily. Care providers have an overview of the relevant information (R17). How
and when information is acquired is important for providers as it allows them to assess
the data quality. Detailed data provenance should be associated with the information
(R16) (e.g. digital signature, logging history). Care providers and patients have both
access to data analysis on a patient-level (R6) and aggregated level (R15). To provide
all stakeholders access to outcome indicators applications C-A1, C-A2, C-A3, and C-A4

are necessary components.

C-I6: Information provision is tailored to stakeholder
• Patient: own record, outcome indicators (clinical & patient re-

ported), patients-like-me
• Providers: outcome indicators (clinical & patient-reported), pro-

cess indicators, data set construction
• Insurers: outcome indicators (clinical & patient-reported), process

indicators, data set construction

6.4.4 Application
The application layer describes the assets that store, process, reuse, and distribute in-
formation within and across different information systems and environments to fulfil
the end-users needs. Figure 6.2 presented an overview of the applications, processes,
services and infrastructure.

Applications
In the architecture, the current patient portal is replaced by the PHE (C-A1), because
it offers the patient access to their medical data in one place (R1). While these are at
the beginning of implementation Patiëntenfederatie Nederland (2021), it has huge po-
tential to let patients be in control in their own patient journey. The PHE should offer
the following services: (i) provide medical information overview (structured / unstruc-
tured), (ii) provide patients-like-me overview, (iii) withdraw and add information, (iv)
view and manage access to data, (v) notification service and (v) communication service.
Additionally, the PHE must offer an option to the patient to withhold irrelevant data
or withdraw access at all.

C-A1: Personal Healthcare Environment

The physicians provide care and record medical information in the Electronic Health
Record (EHR), the clinical information system within HIS (C-A2). Here, they have
access to relevant medical information (R17) and can analyse data on a patient level
(R6) via an interface. Whenever information is added or adjusted, it will be logged by
the data logging service (C-A5). If this concerns information that is shared with the
patient in the PHE, the patient should receive a push notification (R4). For example,
when a document is uploaded. The HIS should be compliant with (inter)national
standards such as ISO27001 or NEN7510 (R21).
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C-A2: Healthcare Information System and Electronic Health Record

The HIS is connected to a data integration centre (C-A3). All in- and outgoing infor-
mation are transferred via the integration centre, where it is transformed to the right
format. For outgoing information, data is ingested from the EHR and transformed
into a transportable format (HL7 CDA or FHIR) (R13, R14). Incoming information is
transformed to readable formats and loaded into the local EHR. For the Quality Reg-
istration, data from the EHR is extracted in batches, pseudonymised (R20) and loaded
into a data warehouse. The Quality Registration system can extract the data from the
data warehouse for quality analysis. Preferably, data should be extracted once a month.

C-A3: Data integration centre

The last application is the Quality Registration system. Currently, data is collected
by DICA (Dutch Institution for Clinical Auditing) and processed by Medical Research
Data Management (MDRM) to assess the quality of a healthcare institution. DICA
does not store or process any personally identifiable information, but MDRM does.
Recently, a news article revealed that MDRM moved their databases to the cloud of
Google (Wolters, Sanne, 2020). While there is compliance with law and regulation, it
raises questions about privacy and security. For that reason, it was chosen to process
and pseudonymise the data in-house. Another reason is that it provides trust for the
providers themselves. Interviewee 2.1 noted within the organisations information can
be traced back to the source.

All the data extracted from the data warehouses are transformed and loaded into the
database. Data is validated for missing or unrealistic values. The quality of the batch
is reported back to the healthcare organisation. The analysis performed on the data
sets is publically accessible via a web-based interface (R15). Important to notice is that
insurance companies can include the outcome indicators into the contract negotiations,
enabling value-based contracts.

C-A4: Quality Registry System

Application Processes and Services
An application service is an explicitly defined behaviour of an application. Application
processes are a sequence of behaviours in order to achieve an outcome. To adhere to
R16, data adjustments should be logged and monitored. This includes for example
recording of medical data by a physician or data recorded by medical instruments and
equipment. Data provenance (R16) is important for end-users to assess data quality.
For aggregated outcome indicators in the Quality Registration, data should be accom-
panied with high-level provenance, such as organisation, time period and author type
(e.g. patient-reported, GP, medical specialist).

C-A5: Data logging & monitoring service
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The ETL process is used to extract data from the EHR to the data integration centre,
transform it into a specific format and load it in the data warehouse. Another ETL
process is used to extract the data from the data warehouse to the Quality Registration.

C-A6: ETL process

Validation services serve C-P3. Information can be technically validated for missing
records, input data type, format, range, etc. Additionally, data is cleansed before it is
used for analysis. For example, someone’s length of 400 cm is not taken into account.

C-A7: Validation services

Components C-A8 and C-A9 concern privacy and security (R20, R21). C-A8 provides
all services related to identification, authentication and authorisation. The roles and
responsibilities (C-O5) define the access a person or entity had. Both the PHE and
HIS are using Identity and Access management services. At all times, login and access
history should be logged. This increases transparency in the system and its users.

C-A8: Identity and Access Management services

For the purpose of learning (P4), data must never be traceable to individuals (21).
Data is pseudonymised with state-of-the-art techniques, for example, random number
generator or encryption (European Union Agency for Cybersecurity (ENISA), 2021).
The level of pseudonymity and used techniques must be legally arranged (C-O1) in
order to ensure maximum privacy.

C-A9: Pseudonymisation service

C-A10 is the mapping service, which is essential to create structural interoperability. A
mapping service ‘translates’ data from one data model to another one. For example,
mapping Zibs to FHIR resources (C-A11).

C-A10: Mapping service

Information Exchange
Exchanging data and information is key in the architecture. When data is exchanged,
for example Zibs, it must be mapped to data exchange standards. To facilitate this,
HL7 standards are used. HL7 CDA (Clinical Documentation Architecture) is designed
to exchange medical data, structured and unstructured. HL7 FHIR (Fast Healthcare
Interoperability Resources) is also designed to exchange medical data but with the
use of reusable resources (Registratie aan de bron, 2017). Whereas CDA exchange is
facilitated in the form of a document, FHIR is at resource level1. Using HL7 standards
achieves structural interoperability. In addition, both standards refer to the use of
medical terminologies, which enables semantic interoperability of shared data (Winter
et al., 2018).

1 More technical details can be found in the architecture document vol.2 by Registratie aan de bron (2017)
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C-A11: Data exchange is based upon HL7 standards

6.4.5 IT infrastructure (Technology)
The IT infrastructure is the underlying architecture layer that facilitates data exchange
by networks. A widely adopted network is the AORTA network, which uses a centre
point called LSP to facilitate exchange. LSP does not store any medical data, only
the references where data is stored are recorded in a referral index. Every exchange
transaction over the network is logged. This again never includes any medical data .
The AORTA network is preferred because it supports both functionalities to push and
pull information. Another benefit is that all HL7 standards are supported (Registratie
aan de bron, 2017). C-T1 refers to the current LSP, CT-2 to the Medmij-certified LSP+
network. The first will be used for data exchange between providers and the Quality
Registry. The latter is used exclusively for exchange between PHE and providers.

C-T1: LSP is used for data exchange between HIS and Quality Registra-
tion system

C-T2: LSP+ is used for data exchange between PHE and HIS

Figure 6.2: High-level overview of Application and Infrastructure layers
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6.5 opportunities
The architectural design and components presented are mostly based upon existing
components, elements and applications. Mjåset et al. (2020) argue that information
technologies provide more opportunities to stakeholders than a couple of years ago.
Emerging technologies, such as blockchain technology, Artificial Intelligence, and IoT,
promise to transform the healthcare industry. One of the inherent characteristics of
blockchain technology is transparency (Narikimilli, Kumar, Antu, & Xie, 2020), making
it interesting to further investigate opportunities for future architecture.

6.5.1 Blockchain Technology for Healthcare
Blockchain technology has a distributed peer-to-peer network structure where all the
nodes of the network have access to the same ledger (Narikimilli et al., 2020). Blockchain
technology enables parties to trade valuable assets with each other in a trustless envi-
ronment. The network follows cryptographic protocols to validate transactions, which
makes a Trusted Third Party (TTP) obsolete. An advantage of removing a central inter-
mediary is that the transaction process becomes more efficient and reduces transaction
costs (Angraal, Krumholz, & Schulz, 2017). Moreover, once a transaction is stored in
the blockchain it cannot be altered. The blockchain would reject maliciously modifi-
cation of previous transitions and is considered to be immutable (Kuo, Kim, & Ohno-
Machado, 2017). Further, there is no single point of failure, which increases the robust-
ness and availability (Kuo et al., 2017; Narikimilli et al., 2020). Finally, a blockchain uses
encryption techniques that enhances the privacy and security of data. Potential appli-
cations of blockchain in healthcare include, but are not limited to: EHR management,
insurance claim process, consent management, clinical research and data provenance
for the pharmaceutical supply chain (Kuo et al., 2017; Narikimilli et al., 2020).

6.5.2 Potential of Blockchain Technology for Architecture
A blockchain has several characteristics that can improve the architecture. Replac-
ing the current decentralised network structure of AORTA with a distributed network
would enhance the transaction process of requesting and receiving data. More impor-
tantly, all participating nodes in the network are independent and eliminates the con-
trol of the LSP. Additionally, data provenance is one of the requirements for the design
(R16). If the data source is traceable and immutable, it would increase the perceived
accuracy of the data.

6.5.3 Limitations of Blockchain Technology
Blockchain has much potential in healthcare. However, practical implementation faces
some challenges. A blockchain can process a limited volume of transactions per time
span, hence hampering scalability (Narikimilli et al., 2020). Privacy issues have been
highlighted because with the transparency characteristics, ‘everyone can see every-
thing’. Even when data is anonymised, data might be traced back to a person (Kuo et
al., 2017). Further, to achieve interoperability, agreement and following standards is cru-
cial (Narikimilli et al., 2020). Soule (2020) emphasizes the importance of a standardised
and structured language to improve interoperability in healthcare. While blockchain
technology has the potential to be a component in the IT infrastructure layer, first steps
have to be taken in standardising language, agreement on the definition of value and
outcome indicators.
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6.6 summary design
This chapter provided the components for the architecture to facilitate VBHC. Envi-
sioned implications of the architecture are patient empowerment, continuous quality
improvement and value-based contracts. The design efforts are guided by four main
principles:

i) Patient’s value comes first

ii) Unambiguous and one-time recording of data

iii) Quality can be derived from the care process

iv) Collaborate and continuous learning

Requirements are derived from the objectives and principles and based on either the
literature or quotations from the semi-structured interviews. The requirements are
prioritised according to the MosCoW method. The design has several constraints that
must be complied with to state that the design is acceptable. The requirements are
presented in Table 6.2. Binary and value scale metrics have been defined to measure
the achievement of the requirements. Table 6.3 showed the metrics and will be used in
Chapter 7 for verification of the requirements.

The overall design was presented with three types of environment. The first one is the
HIS where the end-users are the clinicians, the second is the PHE that is used by pa-
tients and the third one is the Quality Registration and is available for all stakeholders.
Several components are proposed per architectural layer to fulfil the principles and re-
quirements. In addition, blockchain technology is a potential component to replace the
decentralised network with the LSP. However, some limitations have to be addressed
before this emerging technology is implemented in the design.

An overview of the components mentioned are presented in Table 6.4 and answer
subquestion 3: “What components could be incorporated in the IT architecture to facilitate a
transition towards VBHC?”.
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Table 6.4: Overview requirements and components
ID Component Requirements fulfilled

Organisation
C-O1 An addendum that legally arranges data analysis on an aggregated level (anonymous) without explicit permission patient R15

C-O2 Agreement on outcome indicators and measurement methods per disease R10

C-O3 Agreement on procedures in which circumstances a caregiver can access without patient’s permission (‘break-the-glass’) R5

C-O4 Agreement on standards in healthcare R11, R12, R14

C-O5 Roles and responsibilities R18

C-O6 In-house department for feedback on information systems R3

Processes
C-P1 Standard shared decision-making moment R2, R3

C-P2 Standard measurement and evaluation moments R2, R6

C-P3 Validation of information R18

C-P4 Evaluate communication effectiveness R7

C-P5 Audit care and IT processes R18, R19, R20, R21

Information
C-I1 Clinical building blocks (Zib)s are the standard R8, R9, R11

C-I2 SNOMED-CT and LOINC are standard terminology systems R12

C-I3 BgZ is standard medical history R17

C-I4 Template data sets per medical disease R10, R15, R17

C-I5 Patients-like-me R2, R15

C-I6 Information provision is tailored to stakeholder R2, R6, R15 R17

Application
C-A1 Personal Healthcare Environment R1, R2, R4, R6, R7, R15

C-A2 Healthcare Information System and Electronic Health Record R4, R5, R6, R17, R21

C-A3 Data integration centre R9, R13, R14, R16, R19, R20

C-A4 Quality Registry System R15

C-A5 Data logging and monitoring service R16

C-A6 ETL process R19

C-A7 Validation services R18

C-A8 Identity and Access Management services R1, R17, R21

C-A9 Pseudonymisation service R20, R21

C-A10 Mapping service R10, R11, R14

C-A11 Data exchange is based upon HL7 standards R9, R13, R14

Infrastructure
C-T1 LSP is used for data exchange between HIS and Quality Registration system R9, R13, R15

C-T2 LSP+ is used for data exchange between PHE and HIS R1, R4, R5, R9, R13



7 E VA L U AT I O N

An important part of Design Science Research is the evaluation (Hevner et al., 2004).
This chapter describes the evaluation of the architecture components as outlined in
Chapter 6, to assess whether these comply with the business needs. The evaluation
will be structured as follows. First, the components will be examined by assessing
compliance with the requirements. Second, an expert panel is used to validate the
components on efficiency and feasibility. Finally, improvements and recommendations
are described.

7.1 compliance of components
The proposed components should be compliant with the requirements stated in Chap-
ter 6. Table 7.1 presents the requirements and components to fulfil these. As indicated
in Section 6.3, all constraint requirements must be fulfilled. These are presented in the
second column, indicated with an ’M’ (Must). Others are labelled as ‘S’ (Should) and
‘C’ (Could). At least all the requirements are fulfilled with at least one component.

Table 7.1: Compliance of requirements

ID Type Component(s) Fulfilled?

R1 M C-A1, C-A8, C-T2 Access to part of the record in different places (1)
R2 M C-P1, C-P5, C-A1 Patient is well informed by multiple information sources and can take de-

cisions during the entire care process (2)
R3 S C-O6, C-P1, C-P2 Care process is tailored to patient’s care demand and frequently evaluated

(2)
R4 S C-A1, C-A2, C-T2 Actively informed about about updates (1)
R5 S C-O3, C-A2, C-T2 Access possible under special circumstances (1)
R6 M C-P2, C-I6, C-A1, C-A2 Basic information is available (e.g. BgZ) (1)
R7 C C-O6, C-P4, C-A1 There is a feedback loop (1)
R8 M C-I1 Part of the information is stored modular (1)
R9 S C-I1, C-A3, C-A11, C-T1,

C-T2

Information can partly be reused and partly overlaps with other informa-
tion (1)

R10 S C-O2, C-I4, C-A10 Indicators are partially based on disease-specific templates but slightly dif-
fer per provider (1)

R11 M C-O4, C-I1, C-A10 Information is partially based on data and information standards (1)
R12 M C-O4, C-I2 Terminology standards are partially used but some definitions can be am-

biguous (1)
R13 M C-A3, C-A11, C-T1, C-T2 Structured and unstructured data can be exchanged between actors (1)
R14 M C-O4, C-A3, C-A10, C-

A11

Exchange standards are used (1)

R15 S C-O1, C-I4, C-A1, C-A4,
C-T1

Clinical and process outcome indicators are publicly available (2)

R16 S C-A3, C-A5 Data is accompanied with a digital signature and a logging history (2)
R17 M C-O3, C-I3, C-A2, C-A8 Care providers have access to minimum information for care provision (1)
R18 S C-O5, C-P3, C-P5, C-A7 There is a person or department responsible for data quality (1)
R19 S C-P5, C-A3, C-A6 Outcomes are reliable but is affected by human errors (1)
R20 M C-A5, C-A3, C-A9 Information cannot be traced back to individuals and additional state-of-

the-art techniques are used (2)
R21 M C-P5, C-A2, C-A8, C-A9 The design meets information security regulations (1)

77
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7.1.1 Verification: Compliance with Requirements
Verification involves demonstrating that the design complies with the requirements
stated in Chapter 6 (Bahill & Dean, 2009). For 9 out of the 21 requirements, the ’ful-
filled’ column is satisfied not the be ultimate satisfactory state. Only one objective
requirement has not been met to satisfactory. There are several reasons why there is
not full compliance. First of all, the design shows a theoretical scenario and states
that standards must be used (R11, R12, R14). The design selected the most adopted
standards according to Nictiz. However, it does not mean it is the standard, as organi-
sations are still free to use the standards they would like to use. The mapping service
in the data integration centre is therefore of importance to map data into a readable
format.

Second, using the Zibs do allow for modular data storage and increases the reusability.
However, the Zibs offer a limited range of items to record. If something very spe-
cific must be recorded, a physician will likely use a free text field, making it hard to
reuse (R8, R9). Another drawback of the limited coverage of items is that it may not
be enough to fill a predefined disease-specific outcome template. Therefore, disease-
specific templates might differ per provider (R10). This affects the validity of the out-
come indicators as it does not measure all the relevant aspects.

Third, the accessibility of medical information by patients and caregivers (R1, R17) are
fulfilled in an ideal world where all healthcare providers are connected to the AORTA
network. Although it is widely adopted, not all providers use this network for data
exchange. As mentioned in the semi-structured interviews, some do not even engage
in any digital form of data exchange. Therefore, the requirement is partly complied
with.

Finally, privacy (R20) and security (R22) are important aspects. Even with state-of-the-
art pseudonymisation techniques, there always exists a risk that data can be traced
back to individuals (e.g. patient, physician). Further, a HIS is a single point of failure,
making it vulnerable to attacks. Also, security is solely focused on technical aspects,
while most data breaches stem from human errors. To mitigate these risks, audits are
essential to test the systems and processes thoroughly.

7.1.2 Realising objectives and principles
As can be seen in Table 7.1, all requirements have at least one component. However,
that does not necessarily mean that the proposed components could realise the archi-
tecture vision and principles. P1 and P4 focus on the overarching goal of VBHC, P2

is associated with interoperability and P3 deals with trust and transparency. Each of
these principles is evaluated below.

P1: Patient’s value comes first
The ultimate goal of providing care services is optimal satisfaction of the patient. The
PHE (C-A1) seems to be an important component for this principle and fulfils several
constraint requirements (R1, R2, R6, R15). Since the patient has a full overview of
the medical records from multiple institutions and the patients-like-me, they can make
informed decisions together with the physician. The physician also has access to the
medical records (R5, R17) by requesting information via the PHE or other providers
arranged via the LSP+ (C-T2) or LSP (C-T1).
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The moments of measurement, evaluation (C-P2) and shared-decision making (C-P1)
provide an opportunity to re-evaluate whether the treatment fits the patient’s health-
care demand. This allows patients to actively participate in the care process and tai-
lor the process to his or her needs (R3). However, for measuring and benchmarking
(patients-like-me), agreements on the definition of value and outcome indicators are
necessary (C-O2). Disease-specific templates offer standardisation in what to measure
and how to interpret this compared to other patients (C-I4).

The PHE enables patients to participate in the care process due to its notification service
(R4) and communication service (R7). The communication service of the PHE (C-A1)
is also input to the in-house department at healthcare institutions for feedback (C-O6).
Evaluating communication (C-P4) with the patient can lead to insights, allowing the
overall process to be tailored towards specific patients groups (R3).

P2: Unambiguous and one-time recording of data
Recording information in a structured, modular and uniform way enables reusing ele-
ments. This leads to higher accuracy and a reduced administrative burden. The Zibs
(C-I1) together with SNOMED-CT and LOINC (C-I2) provide stakeholders with unam-
biguous data recording. Most important components to realise this is the agreement
on standards (C-O4), and the agreement on outcome indicators and measurements (C-
O5). If there are no agreements, other underlying components are considered to be less
efficient. Reusability is facilitated through the data integration centres (C-A3) and the
LSP or LSP+ intermediaries (C-T1, C-T2).

P3: Quality can be derived from the care process
Creating transparency allows stakeholders to assess the quality of provided care and
increase perceived trustworthiness. Important components to assess the quality of care
begin with registration in the care process itself. The measurements and evaluations
(C-P2) must be stored in the EHR (C-A2). Logging and monitoring services (C-A5)
accompany the data with detailed provenance. This provides internal professionals
within the institution the ability to assess data accuracy. Analysis on a patient level is
provided to both the caregivers and patients via the HIS (C-A2) resp. PHE (C-A1).

The Quality Registry System (C-A4) is indispensable for external transparency of qual-
ity (i.e. process and outcome indicators). The Quality Registration System extracts data
(C-A6) from the data warehouse connected to the Data integration centre (C-A3). The
data integration centre collects the data from the local EHR as defined by the disease-
specific templates (C-I4) and pseudonymises it accordingly (C-A9). An important com-
ponent is to legally arrange data analysis on an aggregated level. External stakeholders,
such as insurers, can assess the quality of care through the external transparent process
and outcome indicators.

P4: Collaborate and continuous learning
Quality of care can be improved by gaining new insights and comparing different
approaches. Improving care services leads to a higher value, higher efficiency and
lower costs. Again, an important component is the Quality Registry System (C-A4).
Providers and researchers can access clinical data per medical diagnosis and use this
for research and improvement projects. It is however not likely that providers will
invest valuable time and money into improvements without gaining anything.
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7.1.3 Compliance to Porter and Lee (2013)
In Section 4.3.7, the as-is architecture was analysed through the criteria of Porter and
Lee (2013). Although the principles and requirements were partly based on these re-
quirements, the components should be evaluated to examine the compliance to criteria.
Table 7.2 presents the criteria and referring components.

Table 7.2: Compliance to criteria Porter and Lee (2013)
Criteria Fulfilled? Component(s)

1. Be patient-centred Yes C-A1, C-P1, C-P2

2. Use common data definitions Yes C-I2
3. Encompass different data types Yes C-A11

4. Be accessible to all parties involved Yes C-A1, C-A2, C-A8

5. Include specified medical condition templates Yes C-I4
6. Be easy to extract information Yes C-A3, C-A6, C-T1, C-T2

7.2 expert panel session: evaluating components
An expert panel is a composed group of people specifically that have expertise and
opinions about a topic (Sekeran & Bougie, 2016). The panel is composed of the people
from the semi-structured interviews to validate the correctness of the architecture and
evaluate whether the business needs have been met. Validation is different from verifi-
cation because it involves assessing the correctness and appropriateness of the design
and ensures that the design satisfies the business needs (Bahill & Dean, 2009).

7.2.1 Organisation of Expert Panel

The session aims to obtain experts’ thoughts, opinions and feedback on the proposed
architecture. To elicit these aspects, the researcher acts as a moderator and steers the
discussions. The researcher has an important role in leading the session but is not a
part of the discussions. The researcher asks questions to stimulate the discussion. In
addition, the researcher might use probing tactics throughout the session if feedback is
unclear.

Composition of Expert Panel
Individuals who are eligible to be on the panel are: experts in healthcare and VBHC,
experts in IT systems and data exchange (preferably in healthcare), experts in emerg-
ing technologies (preferably in healthcare), experts in designing EAs. The following
experts have participated in the Expert Panel to evaluate the architecture and compo-
nents.

Table 7.3: Overview participants Expert Panel

ID Organisation Expertise

1.1 Pharmaceutical company Value-based healthcare

1.2 Healthcare provider Healthcare management
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Procedure
The session follows a scripted procedure. A detailed overview of the procedure, in-
cluding topics discussed, questions and time, is presented in Appendix G. The expert
session is organised as follows:

• Introduction: Topic, preliminary results
• Architecture vision: Objectives
• Architecture overview: Figure 6.1
• Components: Per architecture layer
• Opportunities: Blockchain technology
• Closing: Final remarks and discussions

7.2.2 Findings of evaluation
The findings are categorised by theme discussed in logical order. First, the architec-
ture vision and design are discussed. Second, the discussion about the components is
described.

Architecture Vision and Design
Showing the architecture overview and explained how different environments were
connected, the interviewees were happily surprised that many components already
exist. According to interviewee 1.2, “It brings together new and existing components for the
context of VBHC. The recognisability makes it less abstract and easy for people to understand”.

The researcher asked about their opinion and risks about the idea for transparency.
Interviewee 1.1 noted that it is risky for providers to present their outcomes publicly,
because “it is nice to be ranked among the top, however not so nice when it turns out that
you, as a provider, are at the bottom”. Even more important, the deeply rooted mistrust
from providers towards insurers forms a barrier to transparency, because it could have
negative consequences for the providers. Interviewee 1.2 agrees with that and empha-
sizes that it is all about how definitions are formed. The interviewee continues that
especially for insurers it is tricky because they measure with other norms and from
different perspectives.

Nevertheless, both interviewees agreed upon the fact that transparency has an indis-
pensable value in healthcare. Interviewee 1.2 mentioned that for healthcare managers,
transparency is very valuable, because in healthcare still, many professionals use their
gut feeling instead of factual data. For patients, transparency is essential to make in-
formed decisions and participate in the care process. In the discussion, interviewee 1.1
noted another risk that a patient can influence the overall outcomes by giving a ‘bad
grade’. It highly influences the average which may not represent the quality of the
provider. If financial incentives are connected to subjective measurements, it means
that individual patients have the power to demand whatever they want, even if that is
unreasonable.

The researchers asked if the proposed design (Figure 6.1) could be a feasible solution
and if there are any suggestions for improvement. The experts discussed further and
reached a consensus that on a high level, transparency is seen as a suitable solution,
but in practice, it would not be feasible to offer transparency on outcomes. Interviewee
1.2 points out that transparency can contribute to breaking the vicious circle, however,
it will not solve the core problems. The architecture and components should not be



7.2 expert panel session: evaluating components 82

seen as a solution, but rather as guidance for components that can improve the situ-
ation. Interviewee 1.1 agreed with the statement and continued that if transparency
is suggested as the solution, people will not oversee the smaller steps that need to be
taken. The experts discussed further and agreed upon a narrative: ‘peeling off the layers
of a union’. Every layer represents a small step towards the core, which is a transparent
value-based healthcare system.

Organisation layer
The organisational components are presented and explained to the experts. After that,
the experts were asked what are your first thoughts about the components? In contrast with
earlier findings, the experts argue that the government should not have a facilitating
role, but a more active one. They decide what is covered by the basic healthcare in-
surance packages and therefore, the government actually can and should play a bigger
role (C-O5). Additionally, the power to impose laws and regulations is also in the
hands of the government. Further, insurers indeed should be partners, but in the cur-
rent healthcare structure, this is infeasible (C-O5). An intermediary could be a solution
to improve trust between stakeholders, but it should be noted that it probably will not
be very effective because of the design flaws in its core.

After discussing the roles and responsibilities, the experts were asked what components
are essential for VBHC? Interviewee 1.2 noted that arranging legally to collect data and
perform the analysis is essential (C-O1). From a practical point of view, it is highly
desirable not to ask consent from every patient, however, it will not be feasible due to
privacy regulations such as GDPR. Even when data is pseudonymised, performing a
very specific therapy or treatment can easily be traced back to a physician or patient.
This risk can be mitigated by conditional restrictions to the availability of information
(e.g. n > 100).

To the question are you missing any components in this layer?, interviewee 1.2 answered
that it is hard to say whether you ‘miss’ something. The interviewee did notice not a
missing component, but a component that is probably too specific. Both the experts
discussed the agreements on standards (C-O4) and it was mentioned that the architec-
ture should provide enough flexibility not to be dependent on a couple of standards.
Interviewee 1.1 states that “The pace at which medical sciences and technology development
is enormous.” Therefore, there should be some kind of agreement on how to commu-
nicate and what is defined by some terms, but the information systems should not
build around specific standards. Not explicitly mentioned by the experts, but this also
applies to outcome indicators and measurement methods (C-O2).

Processes
For the next layer, similar questions are asked by the researcher. To the question what
are your first thoughts about the components?, interviewee 1.2 mentioned that standard-
isation of measurement and evaluation moments (C-P2) is highly dependable on the
kind of disease and treatment that is provided. Also, this differs for the outcome one
wants to measure. It would be efficient to standardise because it increases the reliability.
However, it is not completely feasible due to intermediate adjustments in the treatment
plan and the different procedures per healthcare institution.



7.2 expert panel session: evaluating components 83

Discussing further the components, the experts indicated Besides the components, the
interviewees highlighted administration time. The administrative burden is one of the
challenges healthcare is facing and more measurements and personalised care would
not reduce this burden. Interviewees refer to an example of Singapore and suggest
appointing an information manager that records all basic medical data. The physicians
can in turn directly dive into the problems of the patient.

Information
Next, the information components were discussed. To the question of which components
are essential for VBHC? the experts continued the previous discussion on the use of
standards. The experts agree that information has to be stored in a uniform and mod-
ular way so that it is easy to extract, transform and reuse (C-I1). The specific standards
mentioned were therefore not considered to be feasible to impose on all providers.
Information models should provide flexibility to change the predefined datasets (e.g.
BgZ, or disease-specific indicators).

For information provision (C-I6), the experts agree to have a simple interface for pa-
tients including visuals and simple explanations. For providers, a more detailed in-
terface that also focuses on the construction of data sets is more appropriate. It was
mentioned not to share costs in the semi-structured interviews. Interviewee 1.2 argues
however that costs are part of VBHC and that it is actually interesting to investigate
correlations between the type of treatment, outcomes and costs.

Application
While presenting the application layer of the design, interviewee 1.2 mentioned that the
PHE (C-A1) is an essential component to integrate into the design for VBHC. It was
however pointed out that it is still in infancy and not implemented yet. Interviewee 1.1
acknowledges the usefulness of the data integration centre (C-A3) because it reduces
heterogeneity problems of information systems. It allows organisations to use their
own way of working and still be able to communicate. The interviewee points out that
the individual differences between organisations should be not the focus point, but
it should be rather general to avoid complexity. When the researcher asked whether
there were any suggestions or missing components the experts pointed out that they do
not have a lot of know-how on the technical aspects because they are both healthcare
experts.

However, the experts did point out an important risk of the design: privacy. There
is a trade-off in the design between provenance (C-A5) and pseudonymisation (C-A9)
in external presentation. On the one hand, the data quality can be examined through
data provenance. On the other hand, it risks the privacy of individuals, as discussed
in the organisation components. Interviewee 1.2 suggests mitigating this risk for now
by not being fully transparent and benchmark all providers publicly, but to have a
few steps in between. For example, receive the data back in an anonymous form so
that providers and insurers cannot recognise each other. Interviewee 1.1 agrees and
adds: “then providers can start to learn from the data, but it will not be involved with negative
consequences initially”.
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Infrastructure
The final components were presented for the infrastructure. One of the experts ad-
mitted not to have much knowledge of the underlying infrastructure. Similar to the
application layer, this is a limitation for the validation of the components. However,
interestingly, interviewee 1.2 noted right away that the LSP (C-T1, C-T2) is known as
a dramatically bureaucratic intermediary in the chain of data exchange. “If you do not
want to be dependent on one party that can control how you have access to data and how it
is processed, you might think about a distributed solution.” The reason why interviewee
1.2 mentions a distributed network can be because of the earlier interview in which
blockchain technology had a more prominent role in the research. Nevertheless, it
emphasizes the fact that blockchain has the potential to be integrated into the design.

The next section will discuss the final reflections on the components and improvement
suggestions.

7.3 improvements & recommendations
From the verification (7.1) and validation (??), several points of improvement can be
summarised. In this section, improvements will be incorporated into the design as
presented in Chapter 6. Improvement suggestions that cannot be incorporated into
the design due to limited resources will be recommended for future research. The
following improvements of the design are suggested:

• Organisation. The components in the organisational layer are all considered es-
sential for VBHC. However, C-O1, C-O2 and C-O4 are hard to realise considering
the market competition and different interests of stakeholders. There might not
be agreement on standards, however, data must be able to map from one model
to another. C-P1 is changed to: “Legally arrange data analysis on an aggregated
level”. C-O2 and C-O4 are not replaced due to their importance.

• Process. All components were considered to be essential for healthcare in general,
but not necessarily for the architecture and VBHC. Due to the variety of care
services and adjustments in the process, C-P1 and C-P2 cannot be realised. The
word ‘standard’ is replaced by ‘include’ so that it allows for flexibility in care
processes.

• Information. The interviewees advised to remain the architecture generally and
not dive into specific standards. Therefore, C-I2 and C-I3 are eliminated from the
component list.

• Application. For application, not all components were discussed. However, the
interviewees suggested including a privacy officer (C-O5). As HL7 was men-
tioned as a specific standard, it was eliminated from the components list (C-A11).

• Infrastructure. The AORTA network was considered not to be feasible to create
trust in the network. For the current design, the component is however incorpo-
rated since it is widely adopted by healthcare providers.

The final list of components is presented in table 7.4. Further recommendations for the
design are as follows:

• Evaluation of PHE. While the PHE have shown high potential for the architec-
ture to facilitate VBHC, it is still in the first phases of implementation. It is recom-
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mended to further evaluate the utility of the component as it has been adopted
by the general public.

• Distributed network. The decentralised network has the potential to be replaced
by a distributed network. Further research should be done to investigate oppor-
tunities for blockchain technology to replace the current infrastructure.

• Privacy-Utility trade-off. There is a trade-off between privacy and utility in the
design. It is recommended to further research this trade-off for the Dutch health-
care system and how it would affect VBHC. Additionally, privacy-preserving
techniques, such as Multi-Party Computation, have not been considered for the
design and are relevant to further investigation.

7.4 summary evaluation
This chapter validated the architectural design and its components. The research activ-
ities aimed to answer subquestion 4: “What components are essential to facilitate VBHC?”

Compliance Requirements. All the requirements as presented in Chapter 6 have been
fulfilled. However, not all requirements have been met to satisfactory. The require-
ments R11, R12 and R14 stated to use standards and most adopted standards have
been selected. However, this does not mean it is the standard. Second, the Zibs offer a
limited range of items to record, which limits the compliance to R8, R9 and R10. Third,
relevant medical records can only be accessible (R1, R17) if all providers are connected
to the AORTA network. Fourth, privacy (R20) and security (R22) remain a point of
issue despite the proposed components.

Compliance objectives and principles. P1 and P4 focus on the overarching goal of
VBHC, P2 is associated with interoperability and P3 deals with trust and transparency.
The most important component for P1 is the PHE that includes several services (e.g.
communication, medical information, notifications) to increase patient empowerment.
For P2, the Zibs, terminology standards and data integration centre were considered to
be essential. For P3, logging and monitoring services, measurements and auditing are
essential for assessing the quality of care internally. For external purposes, the quality
registry system is essential. Last, for P4, also the quality registry system is important as
it provides the analysis on an aggregated level. To ensure improvements projects will
follow, an intermediary that stimulates improvement and collaboration is suggested.

Expert Panel. The expert panel was conducted to validate the components with the
business needs. Two experts participate in the panel, with both their expertise in health-
care and VBHC. The components were discussed per architecture layer. The most im-
portant criticism included: the roles and responsibilities, law and regulations, usage
of standards, administration time, privacy issues, network authority. The interviewees
offered several points of feedback to improve the design. After including the improve-
ment suggestions a final list of components was presented. Table 7.4 shows all the
components per layer. Several points were not included but were recommended for
design future design improvements.
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Table 7.4: Overview final componentsID Component

Organisation
C-O1 Legally arrange data analysis on an aggregated level
C-O2 Agreement on outcome indicators and measurement methods per disease
C-O3 Agreement on procedures in which circumstances a caregiver can access without patient’s permission (‘break-the-glass’)
C-O4 Agreement on standards in healthcare
C-O5 Roles and responsibilities
C-O6 In-house department for feedback on information systems
Processes
C-P1 Include shared decision-making moment
C-P2 Include measurement and evaluation moments
C-P3 Validation of information
C-P4 Evaluate communication effectiveness
C-P5 Audit care and IT processes
Information
C-I1 Clinical building blocks (Zib)s are the standard
C-I4 Template data sets per medical disease
C-I5 Patients-like-me
C-I6 Information provision is tailored to stakeholder
Application
C-A1 Personal Healthcare Environment
C-A2 Healthcare Information System and Electronic Health Record
C-A3 Data integration centre
C-A4 Quality Registry System
C-A5 Data logging and monitoring service
C-A6 ETL process
C-A7 Validation services
C-A8 Identity and Access Management services
C-A9 Pseudonymisation service
C-A10 Mapping service
Infrastructure
C-T1 LSP is used for data exchange between HIS and Quality Registration system
C-T2 LSP+ is used for data exchange between PHE and HIS



8 D I S C U S S I O N

This study researched the essential components for an IT architecture to support the
transition to VBHC. This chapter aims to interpret and discuss the findings and their
implications. First, the research findings will be critically discussed. Second, the limi-
tations of this study are described. Finally, the scientific and practical contributions are
highlighted to close the Rigor and Relevance Cycles of Hevner’s framework.

8.1 discussion on research findings
VBHC has been described as a potential candidate to reform the healthcare industry
(Seoane et al., 2020). While the goal is value for patients, it is argued that VBHC also
leads to efficiency and costs reduction and therefore addresses the challenges health-
care is currently facing. It should however be noted that these challenges can be defined
as wicked problems. A characteristic of a wicked problem is that the proposed solution
is neither true nor false, but rather good or bad. There is ’no stopping rule’ and such
problems will be solved until one considers the solution to be ‘good enough’ (Rittel &
Webber, 1973).

Interviewee 1.3 emphasized the concern whether implementing Porter’s VBHC model
would be ’good enough’: “However, I ask myself if the impact in combination with the
time we have, if that is big enough or whether other, more traditional models, could offer the
same impact that we need with some more certainty.” In the traditional models that the
interviewee referred to, the government plays a bigger role and manages healthcare
based on costs. Such a model would be very suitable to achieve a lower expenditure,
however, the effects on healthcare quality are neglected. According to interviewee 1.3:
“It is all about what you want to emphasise on”.

Rittel and Webber (1973) argue that ”the information needed to understand the problem,
depends upon one’s idea for solving it”. Indeed, the problems healthcare is facing can be
explained in many different ways. If one narrows down the problem formulation to
‘healthcare expenditure’, it would probably result in a solution based on cost-control as
mentioned by interviewee 1.3. In this study, however, we argued that there is a design
flaw in the healthcare structure that provides an incentive to increase more services.
By focusing on outcomes of the provided care, costs per treatment may increase but
the volume of total services decrease. Therefore, VBHC is considered to be a suitable
approach for a sustainable healthcare system.

The literature review and preliminary interviews revealed that IT is one of the main bar-
riers. Current systems are not designed to facilitate semantic interoperability between
healthcare institutions and thus hamper outcome and cost measurement. The Open
Group (2016) argues that the interoperability problem is inherently associated with the
lack of a shared and uniform language. Many institutions are, with all the best in-
tentions, working on standardisation in healthcare. Consequently, all these ‘standards’
suddenly become one of the many available guidelines that architects need to take into
account when designing solutions. It is doubtful whether the suggested components in
this research would succeed to fulfil the objectives if there is no uniform language. Up

87



8.1 discussion on research findings 88

until now, true standardised language for healthcare has not been achieved yet. This
emphasizes the importance of uniform and standardised language.

Further, adding IT components is no silver bullet to achieve outcome and costs mea-
surement. As found in the preliminary interviews, trust is essential for a transition to
VBHC. Underlying factors of trust issues were not limited to human-human interaction
but also involved human-machine and machine-machine interaction. As interviewee
2.1 notices: “So what are the essential elements for value-based healthcare? I would say to
organise processes in a safe and secure way. On the one hand, this includes bringing together
and explaining the process to stakeholders. On the other hand, it is about technology, because
without accurate and reliable data, people have no confidence in the insights you create.” To im-
prove the as-is situation, we followed Schnackenberg and Tomlinson (2016) and aimed
to increase transparency in the design to built trust between stakeholders and the in-
formation they provide.

During the in-depth interviews and expert panel session, it was validated whether
transparency indeed is an appropriate solution to overcome the trust issues. Intervie-
wee 2.1 notes that healthcare providers are cautious to be fully transparent to insurers
as they are afraid that it results in negative consequences (e.g. cost optimisation). That
perception is confirmed by interviewee 2.2: “We [insurers] are seen as the ones with the
money whereas providers are perceived as the helpers. If this perception does not change, I
wonder if transparency will be a solution. Also, interviewee 2.3 emphasizes this concern:
“Transparency is a part of the solution, however, there are some fundamental issues that need
to be resolved first [...] healthcare providers must be offered certainty.” In the short term,
transparency on outcome indicators is, therefore, an unrealistic solution. However, it
is argued by the interviewees that if power differences are neutralised, transparency is
a part of the solution to improve healthcare. While there is no single best answer to
a wicked problem, increasing transparency has a high potential to offer improvements
in the long run.

Coming back to the quote “there are some fundamental issues that need to be resolved first”.
Indeed, there are power differences, misaligned interests and some stakeholders even
have a negative attitude towards a transition to VBHC. One of the underlying reasons
is money. Many stakeholders are profiting from the current situation and do not want
that to change. For a transition, actors must have an incentive to engage in measuring
outcomes and be rewarded based on that. The government has an important role in
implementation as they have both power and interest in improvements for healthcare.
They have the power to impose regulations or stimulate stakeholders with financial
incentives. Often insurers are seen as ‘the bad guy’ that limit resources for providers,
but they are restricted to law and regulations as well. Consequently, the government
should reduce or eliminate such barriers and facilitate conditions necessary for success-
ful implementation.

While a true value-based system is not expected in the short term, components can
be implemented step-by-step as incremental improvements. For instance, usage of the
PHE or agreement on what standards to use. Interviewee 2.3 mentioned that: “We
cannot plan everything into detail. We have to start hands-on and learn by doing. No one
knows what the exact implications are of data exchange and transparency”. By continuously
evaluating the steps taken, there comes a day where we agree that a solution is good
enough.
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8.2 limitations
The quality of the design is heavily dependent on the quality of the data collection
and analysis. The literature found in the electronic databases depend on the searching
terms and therefore relevant literature might have been missed. In addition, not all arti-
cles were freely accessible and selection criteria could have excluded relevant literature.
The access to relevant literature is thus a limitation.

Another limiting factor was the data collected through the semi-structured interviews.
In both the interviews, the experts were introduced to the topic and research. Fa-
miliarising interviewees with concepts or explaining preliminary findings could have
biased the experts and influenced their answers. Further, a sample size of 7 preliminary
interviews and 4 in-depth interviews do not represent the entire healthcare landscape
and reduce the generalizability of the research. To mitigate the limitation, a wide vari-
ety of experts have been selected for the interviews.

Since the research is conducted by only one researcher, data analysis depends on the
judgement and interpretation of the researcher. This forms a risk to the validity of the
analysis. The quotations, codes and categories attached to the transcripts are prone
to the subjectivity of the researcher and influences the results of the analysis. In turn,
these analyses were the starting point of the design and influence the quality of the
proposed components. Although data triangulation reduces the risk of subjectivity in
establishing the principles and requirements for the design, intercoding between more
researchers would have increased validity.

Finally, the evaluation of the designed artefact is a crucial step in design science re-
search (Hevner et al., 2004). Only two experts were available for the expert panel
session. Since both experts have their expertise in the healthcare side, they had less
expertise in the technology side. This limits the validity of the research findings. Fur-
thermore, the components have been evaluated using descriptive evaluation methods.
This influences the extend to demonstrate the ‘goodness’ and ‘efficacy’ of the design
(Hevner et al., 2004).

8.3 contributions
8.3.1 Scientific Contributions
To identify and position the scientific contributions, the framework of Gregor and
Hevner (2013) is referred to. Gregor and Hevner (2013) explain that a knowledge
contribution must be significant - with respect to the current state of knowledge - and
interesting. Figure 8.1 illustrates the Knowledge Contribution Framework for design
science research and consists of four quadrants. The contributions of this research can
be positioned as Improvement because new knowledge has been developed to solve
known problems. The challenges described in Chapter 1 are known problems. The
combination of IT architecture and VBHC were however scarcely described in the liter-
ature. The proposed components are new solutions to improve the status quo.
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Figure 8.1: DSR Knowledge Contribution Framework. Adapted from Gregor and Hevner
(2013)

This research contributes to the knowledge base by identifying barriers that hamper
the implementation of value in healthcare. For successful implementation, we argue
that trust between stakeholders, especially between providers and insurers, is essential.
These new insights shed another light on the transition towards VBHC and provide
new research opportunities in both IT oriented research areas as well as healthcare
management-oriented research areas.

In line with these findings, components for a value-based IT architecture have been pro-
posed. Together with the principles and requirements, this research offers a knowledge
contribution for designing IT architectures in healthcare contexts. In addition, the eval-
uation contributed to the scientific literature because it examined which components
are efficient and feasible to integrate into the current architecture for VBHC.

8.3.2 Managerial Contributions
The fact that there is no single best answer to a wicked problem explains the tremen-
dous amount of initiatives, projects and innovations in healthcare. Stakeholders regard
the problem from their own point of view and, consequently, fail to identify other
potential barriers. For policymakers and healthcare managers this research provides
insight into barriers and enablers for VBHC in a broad and holistic way. In addition,
the repeated emphasis on the importance of trust creates understanding and awareness
that can be the focal point for innovative agents.

This research addresses the business needs to find out what the essential components
are to move towards value-based healthcare. The overview of the principles, require-
ments and components can be used by architects to help to design architectural solu-
tions in the future. To the best of our knowledge, an overview of these elements is not
available in the literature yet.

8.3.3 Societal Contributions
On an individual level, this research is contributing to society by proposing compo-
nents for a more efficient and patient-centred healthcare system. The components
allow individuals to be in control of their own care process and to tailor care provision
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to the specific needs based on available data. In addition, it allows patients to assess
healthcare providers and treatments which enables one of the core principles of regu-
lated competition: freedom of choice. After all, value for patients is the overarching
goal (Porter & Teisberg, 2007). On a high level, a well-functioning healthcare system
makes an indispensable contribution to a vital labour market, economy and society
(SER, 2020). Continuous learning improves the quality of healthcare services and con-
tributes to the overall population health. Moreover, improvements in healthcare quality
and efficiency may lower total expenditure and reduces the deficit in the current sus-
tainability balance, allowing future generations to benefit from the same governmental
services.



9 C O N C L U S I O N S

This chapter provides the conclusions of the research and aims to answer the research
questions stated in Chapter 1. Subsequently, recommendations are provided for man-
agers and researchers. A reflection on the research and study programme will conclude
this chapter.

9.1 conclusions
This study researched the essential components for an IT architecture to facilitate the
transition to VBHC. As states in Chapter 1, the objective of this study is “to identify and
design the essential components for a value-enabling IT architecture for the Dutch healthcare
system”. To achieve the research objective, the Information Systems research framework
of Hevner et al. (2004) was followed. This framework was used to understand the
problems, execute design activities, and evaluate those. To establish both rigour and
relevance in the design, both the environment and knowledge base were used as input.

The research consisted of two parts. First, to capture the business needs and applicable
knowledge, exploratory research methods were used. As a result of the research activ-
ities, new insights and perspectives on the situation are developed. This provided an
understanding of the current problems and led to opportunities for the design. Second,
components were designed using an architectural layered approach. The components
were validated by descriptive evaluation methods.

Following from the objective, the main question formulated was: “What are the essential
components for an IT architecture to facilitate value-based healthcare in the Netherlands?”. The
answer this question, four sub-questions were formulated. Each of the sub-questions
will be answered separately.

Subquestion 1:“What is the state-of-the-art literature of IT architecture in the context of
healthcare, and VBHC?”
VBHC is a candidate framework to improve the quality of healthcare. The side effect of
VBHC is that better healthcare services will eventually reduce the costs of care. Dutch
healthcare actors acknowledge the potential of VBHC and have been implementing
the framework. Implementation of VBHC involved six mutually interdependent steps:
(i) Organise into integrated practice units, (ii) Measure outcome & costs, (iii) Move to
bundled payments, (iv) Integrate care delivery systems, (v) Expand geographic reach,
and (vi) Build an enabling IT platform. It was found that the IT element has an indis-
pensable value in the successful implementation of VBHC. Despite the importance, the
current IT systems are characterised by high heterogeneity and lack interoperability,
hampering the transition to VBHC.

A literature review was conducted to find the state-of-the-art literature for IT archi-
tecture in the context of VBHC. It can be concluded that there is little research con-
ducted on the combination of research areas. This emphasises the existing knowledge
gap in the literature. For that reason, literature search activities have been broadened
to healthcare. Although little research was found for the specific purpose of VBHC,
much research could be found on data exchange, data integration and interoperabil-
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ity in healthcare, which complied with some of the basic criteria of a value-enabling
IT platform. Several architectures were found on data exchange and integration in
healthcare, but none were found for VBHC. To conclude, there is a noticeable gap in
the state-of-the-art literature about how IT should be designed for VBHC to overcome
current barriers.

Subquestion 2: “How is the current IT landscape of the Dutch healthcare system designed
and where does it hamper the transition to VBHC?” The answer to this subquestion con-
tributed to an in-depth understanding of the problem. Two research approaches have
been used to answer the subquestion. First, an environmental analysis had been per-
formed consisting of organisational systems, people, and technical systems. Second,
semi-structured interviews with 7 experts in the field of healthcare were conducted
to validate findings of the environmental analysis and scrutinize the problem in more
depth.

The current Dutch healthcare system is characterised by regulated competition with
a purchasing market, insurance market and provision market. Freedom of choice is an
essential element for a properly working market. In reality, however, there is little
information available to critically assess which healthcare services fit best, hampering
individuals to make informed decisions. The stakeholder analysis revealed that the
government, insurance companies and overarching interests groups, large healthcare
providers and HIS suppliers have both power and interest in VBHC. Patients, smaller
healthcare providers and research institutions have high interest but less power to steer
for changes.

The as-is situation of the technical systems was analysed using the layered framework of
Nictiz. Following the criteria for an enabling IT platform, specific deficiencies in the
as-is architecture have been found. First, there is a lack of patient-centredness, because
patients do not have their medical records in one place. Second, data is inaccessible or
unavailable. Third, data is complex to extract and integrate from multiple sources because
of the lack of standardisation. This hampers the reusability of data and possibilities to
measure outcomes across the care cycle.

Purely focusing on the technical aspects would however not lead to a successful tran-
sition as it depends on the way actors interact with it. Analysis of the semi-structured
interviews identified barriers related to IT, organisation & policy, relationship and im-
plementation. The interviews revealed that VBHC requires trust and collaboration.
When there is no trust, actors will continue to have a suspicious attitude and the need
for control. Even if there were IT capabilities to measure outcomes and IT systems
would be interoperable, it would not solve the root causes of the problems.

In conclusion, a lack of interoperability and a lack of trust are two aspects that hamper
a transition towards VBHC.

Subquestion 3: “What components could be incorporated in the IT architecture to facilitate a
transition towards VBHC?”

As it was found that interoperability and trust were necessary, a second round of semi-
structured interviews were conducted. The concept of trust and transparency were the
point of focus for the in-depth interviews. The interviewees mentioned a wide variety
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of principles, requirements and components, which was used as a basis for the design
activities.

The to-be architecture was based on the as-is situation and several components have
been proposed to deal with the current deficiencies found in the analysis. The objective
of the architecture was to increase interoperability and transparency in healthcare systems.
The reference architecture ZIRA had been followed for the design activities. In addition,
4 principles and 23 requirements were formulated based on the reference framework,
literature and interviews to guide the design.

A high-level overview of the to-be architecture was presented and subsequently the
components to realise this. Components were presented according to the layered frame-
work of Nictiz. In total 31 components have been presented to facilitate VBHC and deal
with interoperability and transparency. An overview can be found in Table 6.4.

Subquestion 4:“What components are essential to facilitate VBHC?”

This question aims to validate the components found in the previous subquestion and
evaluate which are essential for VBHC. First, the components have been evaluated by
their compliance with the objectives, principles and requirements. The most essential
components to realise the principles are: the PHE for patients, the HIS for providers,
the Zibs, terminology standards, data integration centre, logging and monitoring ser-
vices, measurements and evaluation, auditing IT and care processes, the quality reg-
istry system and an intermediary that stimulates improvement and collaboration are
suggested.

Second, an expert panel validated the components facilitated through discussions. The
expert panel reached a consensus that transparency in healthcare would contribute
to solving several problems, but it will not solve the core problems that lie within
the healthcare structure. Furthermore, full transparency does not facilitate trust but
instead has adverse effects. The most important criticism on the components included:
the roles and responsibilities, law and regulations, usage of standards, administration
time, privacy issues, network authority. The interviewees offered several points of
feedback to improve the design. After including the improvement suggestions a final
list of components was presented. Table 7.4 shows all the essential components per
layer.

9.2 future research
Throughout this research, several opportunities for future research have been identified.
These are categorised in future research for the design and VBHC.

Design
As identified in Chapter 8, the research has some limitations. The components were
based upon the findings of the literature review and semi-structured interviews but
selected by the judgement of the researcher. Although an expert panel validated the
components, the expertise was as varied as in the semi-structured interviews. This
causes a risk to the validation of the components. Therefore, it is highly recommended
to validate the components with a variety of experts.

The PHE had shown high potential for the architecture to facilitate VBHC, as it allows
for patients to be empowered in the care process. Since the implementation is still in
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its infancy, it is recommended to further evaluate the utility of the component as it
has been adopted by the general public. Further, the opportunity of a distributed net-
work can increase trust in the network. Further research should be done to investigate
opportunities for blockchain technology to replace the current infrastructure.

Privacy remains an important aspect of healthcare. However, it hinders the ability to
analyse data and continuously learn and improve care services. The trade-off between
privacy and utility in the context of VBHC can contribute to the improvement of care
while safeguarding privacy. It is recommended to further research this trade-off for the
Dutch healthcare system. Additionally, privacy-preserving techniques, such as Multi-
Party Computation, have not been considered for the design and are relevant to further
investigation.

Finally, semantic interoperability is key for the design. Truly interoperable systems can
however only be established through the use of a shared and uniform language. It is
recommended to research which standards have the highest potential to facilitate the
architecture components.

Value-based Healthcare
Transparency is an essential element for VBHC as it enables stakeholders to assess
the quality of care and provides learning opportunities. Immediately turning to a full
transparent healthcare system is, however, doomed to fail. Several experts mentioned
that implementation should be a phased, step-by-step, transition. It is recommended
to research the implementation of transparency in healthcare which covers these steps
and future scenarios.

A final recommendation is to research the appropriateness of VBHC in the current
healthcare system. Many problems stem from the organisational structure in which
incremental changes are not likely to improve the status quo.

9.3 reflection
During the research, much time was dedicated to get familiar with the topic and to for-
mulate the problem the ‘right’ way. The literature review and preliminary interviews
revealed many different perspectives on the problems in healthcare which increased
the complexity of the thesis significantly. It was only after thorough data analysis, that
the huge amount of qualitative data could be structured logically. By using a system-
atic approach for the qualitative data analysis, barriers to VBHC could be identified.
While most of the time of the research was spend on literature research and data collec-
tion, I feel that this was necessary to reveal the bigger picture and show the complexity
of the problem and the environment.

Although part of the problem lies within IT, I would not argue that it is the root cause
of the problem. The thorough analysis made me realise that the problem healthcare
is facing right now is much bigger than I would imagine at the beginning of this
thesis project. Throughout the interviews, the common thread was about collaboration,
trust and improving healthcare together. According to the interviewees, trust and
collaboration are hard to establish. I have been asking myself the question why is it
so hard to establish? and why is it so hard to make radical improvements instead of small
incremental steps? Of course, in a competitive market, organisations are profit-oriented
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and have their own agenda, which hampers trust-based relationships and collaboration.
On the other hand, competition drives innovation and quality improvement. Then
would competition based on outcomes, as Michael Porter argues, be the solution? It can be
part of a solution, but it is probably naive to think VBHC is a silver bullet to ‘fix
healthcare’.

Several elements throughout this thesis can be part of a bigger whole to improve
healthcare. However, all these elements face the struggle of the structure of the cur-
rent healthcare system. An interoperable system cannot be established if actors do not
reach a consensus, competition based on outcomes will result in similar discussions as
there is now between insurers and providers, and transparency may only exacerbate
the situation. Reflecting on this thesis process, I would argue that the current health-
care structure - and the roles that are inherently associated with it - need to be revised.
There is a trade-off between competition and government regulation. Of course, a
whole new healthcare structure is not realistic, but partial changes, for example in the
financial structure, would change the market dynamics and might offer more potential
for VBHC. And if that happens, I hope the proposed architectural components can
offer insights and guidance to policymakers, healthcare managers and architects.

9.4 link to management of technology
A typical MoT thesis is identified by researching how organisations can use technology
to contribute and improve to their envisioned objectives, such as customer satisfaction
or profitability. This thesis is positioned between a management perspective, incorpo-
rating the dynamics of a multi-actor environment, and a technical perspective, utilising
technology to realise business needs. The thesis is based on the knowledge and skills
I have developed through the MoT curriculum. Most importantly, the courses Tech-
nology Dynamics (MOT1412), Research Methods (2312) and Master Thesis Preparation
(MOT2004) have been of indispensable value for conducting the thesis. Furthermore,
the knowledge and skills taught in the course I&C Architecture (SEN1611) were ex-
tensively used throughout the thesis. The unique perspective that MoT provided had
allowed me to analyse the problems holistically and contributed to the essential com-
ponents for a transition towards VBHC.
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A R E S E A R C H D I A G R A M

Research question 1: What is the state-of-the-art literature of IT architecture in the 
context of healthcare, and value-based healthcare?

Research question 2: How is the current IT landscape of the Dutch healthcare system 
designed and where does it hamper the transition to VBHC?

Research question 3: What components could be incorporated in the IT architecture to 
facilitate a transition towards VBHC?

Research question 4: What components are essential to facilitate VBHC?

Main question: What are the essential components for an IT architecture to facilitate 
value-based healthcare in the Netherlands?

Deliverable 1:
Literature review

Deliverable 2:
Barriers and enablers of value-based healthcare

Deliverable 3:
Architecture overview and components

Deliverable 4:
Validation and improvements of components

Deliverable 5:
Publication and presentation
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B B A C KG R O U N D VA L U E I N H E A LT H C A R E

To get a better understanding of the concept of value, a literature study was conducted.
Influential theories and key definitions will be discussed.

b.1 evidence-based medicine
One of the first frameworks that incorporated the patients’ values was EBM. ‘Evi-
dence’ in healthcare already dates back to around 1600, but in the late 90s, the term
Evidence-Based Medicine was introduced first. Originally EBM was developed to teach
clinicians how they could improve decision-making about individual patients based on
the research evidence (Guyatt et al., 1992).

Later, the EBM triad have been developed and integrated the experience of the clinician,
the most relevant scientific literature and the patients’ values to guide decision-making.
Figure B.1 visualises the EBM triad. Sackett et al. (1996) defines the EBM as “the
conscientious, explicit, and judicious use of current best evidence in making decisions about the
care of individual patients.” Here patients’ values are defined as “the unique preferences,
concerns and expectations each patient brings to a clinical encounter and which must
be integrated into clinical decisions if they are to serve the patient” (Sackett et al., 1996).

Figure B.1: Evidence Based Medicine Triade. Adopted from Seoane et al. (2020).

Despite the benefits of evidence-based treatments, it fails to provide a true indication of
clinical effectiveness (Marzorati & Pravettoni, 2017). Another paradigm, PCC, started
to gain attention. In PCC, patients actively participate in the clinical decision-making
and in the evaluation of the care process.

b.2 patient-centred care
Similar to EBM, PCC requires clinicians to focus beyond the disease-oriented model
and incorporate the patient’s experience and needs (Barry & Edgman-Levitan, 2012).
However, PCC go further and include not only the patient’s preferences but include
the patient as a decision-maker. This is also known as shared decision-making.

The IOM includes PCC as one of six domains of quality in healthcare and defines it
as “care that is respectful of and responsive to individual patient preferences, needs, and values
and ensuring that patient values guide all clinical decisions” (Institute of Medicine (IOM),
2001, p. 40). The Picker institute identified 8 dimensions of PCC: patient preference,
emotional support, physical comfort, information and communication needs, continu-

B-1



b.3 healthcare systems based on value B-2

ity and transition, care coordination, involvement of family and friends, and access to
care (Tseng & Hicks, 2016).

The IOM organised a workshop for patients, clinicians, payers, policymakers to anal-
yse the perspectives on value (Institute of Medicine (IOM), 2010). From an economic
point of view, the value was perceived as a clinical benefit achieved per money spent.
However, from the patient’s point of view, value in care is the ability of healthcare to
both treat the disease and satisfy the patient’s needs. The achieved health status is not
limited to the disease but involves also the quality of life (QoL) (Marzorati & Pravet-
toni, 2017). The QoL factors are often objectified into pain, cognitive and physical
functioning.

Throughout the years, shared decision-making got increasingly important. According
to Maassen et al. (2017) there are two reasons for the popularity of PCC. First, medical
specialists are morally obligated to respect the autonomy of the patient. Second, studies
have shown that treatments with PCC improved the recovery, emotional health and
significantly reduced diagnostic test and referrals two months later (Epstein, 2000).
Consequently, PCC increases the perceived quality of care while reducing the costs at
the same time.

b.3 healthcare systems based on value
Later, more holistic frameworks were suggested to simultaneously increase value in
care and deal with the sustainability challenge (Seoane et al., 2020)1. These emerging
healthcare delivery models acknowledge the complexity of the healthcare landscape
and offer frameworks to organise the process of care around the concept of value
(Marzorati & Pravettoni, 2017). Frameworks that are widely known and adopted in
different healthcare systems are Value-based Healthcare, Triple Aim and Triple Value.

b.3.1 Value-Based Healthcare
In 2006, Porter and Teisberg published their work ‘Redefining Health care’ and intro-
duced the concept of value-based competition. As explained in Section 1.3, Porter and
Teisberg (2006) argue that competition itself is not the problem, but the nature of com-
petition is. They argue that the problems the healthcare sector is facing stem from the
zero-sum competition, which can be defined as “A competition in which one partici-
pant wins totally and another loses without gaining any objectives” (Oxford Reference,
2006). In a positive-sum competition, on the other hand, providers would be finan-
cially stimulated to deliver high-quality care in more efficient ways, which is, in turn,
beneficial for patients and payers.

Porter and Teisberg (2007) determine three guiding principles that lead to a value-
based healthcare system: (1) The goal is value for patients, (2) Organise medical prac-
tices around medical conditions and care cycles, and (3) Outcomes and costs must be
measured across the care cycle. Porter and Teisberg (2006) defines value as “healthcare
outcomes achieved per dollar spent”. By “health outcomes”, the authors mean the health
outcomes achieved which matters to the patient. Outcomes are considered beyond the
disease and incorporate also the process of recovery and the sustainability of the out-
comes (Porter, 2010b). By ”costs” it meant the total costs to achieve the health outcomes
(Porter, 2010b).

1 See Section 1.1: Sustainability of Dutch Healthcare System
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The VBHC framework has however some limitations. First of all, the definition of
value is relatively limited, which reduces the holistic concept to a cost-efficiency ques-
tion (Seoane et al., 2020). Indeed, when comparing this definition to the definitions
from the IOM workshop, it comes closest to the economic perspective. Second, VBHC
centres the disease instead of the patient, which makes the care process highly complex
if a patient suffers from multiple conditions (Putera, 2017). Third, the underlying as-
sumption that competition on value will increase the quality and reduces costs is based
on a patient that rationally chooses a healthcare provider. However, this assumption
might not hold for healthcare since patients might not search for the best care, but for
example, close to their home. In addition, even if information about quality is widely
available, the interpretation might differ per person.

b.3.2 Triple Aim
Berwick et al. (2008) introduced the Triple Aim framework, which is focused on im-
proving public health and a higher quality of healthcare for lower costs. In concept,
the triple aim is very similar to VBHC, but the health outcomes are not limited to a
specific disease and the care process (Seoane et al., 2020). The primary objective of the
framework is to improve the value and quality of healthcare across three dimensions:
population health, experience of care and per capita costs. Figure B.2 illustrates the
triple aim.

Figure B.2: Triple Aim. Adopted from the Institute for Healthcare Improvement.

Bodenheimer and Sinsky (2014) found that primary care struggled with the imple-
mentation of the triple aim because the stressful work life of the clinicians hampered
achieving the three aims. Clinicians or physicians that suffer from burnouts and dis-
satisfaction cause the lower experience of care, reduced outcomes and increase costs.
Therefore, Bodenheimer and Sinsky (2014) recommend extending the triple aim to a
Quadruple Aim and including to experience the care team.

In a study on the implementation of the triple aim, Harris et al. (2018) found that the
majority of providers were unable to implement the framework because of: unclear
definition of population, unavailability of data, and no dedicated data management.
Besides the difficulty of implementation, there are other critiques on the triple aim
framework. Slavitt (2018) points out that the framework does not include the variances
in healthcare quality, for example, based on income or geographic location, which
limits the ability to allocate resources proportionally. In addition, there is no incentive
for providers to improve the population health or experience of care, as it does not
result in higher revenue. If there is no incentive for a radical change, the framework
may not be suitable to solve the healthcare challenges in the long run.
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b.3.3 Triple Value
Gray and Jani (2016) proposes a link between value-based healthcare and population
healthcare and suggested the Triple Value healthcare paradigm as the way to reform
healthcare systems. The paradigm based on personal value (patient’s values are used
for decision making to optimise value for themselves), technical value (resources are
used optimally) and allocative value (resources are allocated optimally and equitably)
(Gray & Jani, 2016).

The Expert Panel on effective ways of investing in Health (EXPH) extends the paradigm
to a Quadruple Value by incorporating the societal value. This fourth value involves the
impact of the care intervention on social cohesion, solidarity, mutual respect, equity
and recognition of diversity (European Commission, 2019). The societal value is rather
a perspective than a toolkit to enhance outcomes. Consequently, they define VBHC
as “comprehensive concept built on four value-pillars: appropriate care to achieve patients’
personal goals (personal value), achievement of best possible outcomes with available resources
(technical value), equitable resource distribution across all patient groups (allocative value) and
contribution of healthcare to social participation and connectedness (societal value).”

b.3.4 Reflection on value in healthcare
One of the first models that incorporated ‘value’ from a patient perspective was EBM.
Together with the relevant scientific evidence and clinical judgement, clinical decision-
making has improved significantly. Although EBM involved patient’s values, the pro-
vided care is not individualised but established on population-based evidence. This
may not represent every patient, which called for a shift towards patient-centredness.
PCC goes one step further and incorporates the patient in the decision making and
evaluation of the care process.

More holistic frameworks have risen to respond to the sustainability challenges of
healthcare. Whereas VBHC is more disease-oriented, the Triple Aim and Triple Value
are patient-oriented. Value in VBHC is achieved by improving outcomes that matter to
the patient while reducing costs. The Triple Aim focuses not on an individual patient,
but rather improves population health. The Triple Value links the two paradigms and
proposes personal value, technical value and allocative value.

A commonality is that all frameworks revolve around improving healthcare outcomes
and quality of life for patients, increasing efficiency and reducing costs. According
to Seoane et al. (2020), implementation of such frameworks can only be achieved by
the availability of accurate and valid information. Porter (2010b) even argue that “out-
comes are the true measures for quality in healthcare”. Despite the importance of
outcomes, it is complex to express outcomes in a unified way.



C I M P L E M E N TAT I O N O F V B H C

This appendix describes the implementation framework of Porter and Lee (2013). Fur-
ther, the implementation status for the Netherlands will be discussed per implementa-
tion step.

c.1 implementation framework
1. Organize into IPU
Healthcare delivery should be organised around the patient to coordinate the care
process. For example, patients suffering from lower back pain can be referred from
physician to different kinds of medical specialists such as a neurologist or a rheumatol-
ogist. Healthcare delivery then is fragmented and duplication of medical interventions,
delays, and inefficiencies are almost inevitable. An Integrated Practice Unit (IPU) is a
multidisciplinary team that delivers specialist care, organised around the medical con-
dition (Porter & Lee, 2013).

Although IPUs seem a valid solution in theory, in practice it may complicate the health-
care delivery system even more. A limitation of VBHC is if patients suffer from multi-
ple conditions, the care process and outcome measurement become complicated (Put-
era, 2017). An integrated delivery system where healthcare professionals work closely
together, especially in the case of chronic diseases, may derive higher value than free-
standing IPUs.

2. Measure costs and outcomes for every patient
According to Porter and Lee (2013) rigorous measurement of both outcomes and costs
is necessary to improve and excel. At the core of VBHC are the outcomes that matter
to the patient. Outcomes should be condition-specific, cover multiple aspects and mea-
sured across the full cycle of care. Outcomes can be divided into the following tiers
and dimensions (Porter, 2010a):

1. Health status achieved: defined by mortality and the degree of health and, or
recovery.

2. Nature of cycle and recovery: defined by time to achieve recovery (e.g. cycle time
of diagnosis, treatment plan, care initiation and duration of treatment) and disu-
tility of the care process (e.g. missed diagnosis, failed treatment, anxiety, discom-
fort, complications, retreatment, and errors).

3. Sustainability of health: defined by recurrences of the original disease and possi-
ble new health problems as a consequence of the treatment itself.

These three tiers are very broad and should be specified to particular medical condi-
tions. For example, the outcome measures for the dimension degree of health/recov-
ery for a patient with breast cancer can be ‘breast preservation’, while for a patient
with acute knee arthritis the ‘level of pain’ is of more importance (Porter, 2010a). The
ICHOM provides standardised outcomes sets for specific health conditions and play
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an important role in the adoption outcome measurement (European Commission, 2019;
Mjåset et al., 2020).

On the other hand, the costs to achieve that outcome must be measured across the
full cycle of care (Porter & Lee, 2013). The cost include all of the human resources,
supplies, and supporting services that are involved to achieve the outcomes. If care
processes for each medical condition are standardised, providers can use the time-
driven activity-based costing (TDABC) to assign costs accurately (Kaplan & Porter,
2011). Currently, the cost structure of healthcare activities in the Netherlands is already
based on activity-based costing, but including time would provide a better overview
on the cost allocation. IT can facilitate TDABC by automatically capturing the activity,
resources and time for each care process (Feeley et al., 2020). This can be linked to
other data such as staff salaries, supply costs, and facility costs, to accurately allocate
costs.

3. Move to bundled payments for care cycles
In the current healthcare structure, providers are rewarded for the healthcare services
that are provided to the patient. This structure connects services (e.g. x-rays, physical
therapy consults) to payments, regardless of the outcomes achieved. Porter and Lee
(2013) describe that bundled payment - a payment tied to the overall care for a specific
medical condition provided by an IPU - would match VBHC best. This type of payment
motivates IPUs to improve efficiency and outcomes and rewards them for excellent
value achievements.

4. Integrate care delivery systems
The organisation of healthcare delivery should be matched to providers and their ex-
pertise. Overall the IPU should coordinate all the healthcare activities. Concentrating
volume is key to improve value because scarce resources can be allocated better and
more expertise can be developed. To organise delivery systems carefully, organisations
must define the scope of services, concentrate volume in fewer locations, choose the
right location for each service and integrate the care across locations (Porter & Lee,
2013).

5: Expand Geographic Reach
Porter and Lee (2013) propose to create centres of high expertise to take care of com-
plex medical conditions. The expertise centres are located strategically and collaborate
with smaller centres located regionally. The Netherlands has 8 academic medical cen-
tres, where patients are to referred for the most complex medical conditions (Mjåset et
al., 2020). These academic hospitals collaborate with smaller hospitals and providers,
which provide often less complex care and low-cost services.

6: Build an Enabling Information Technology Platform
The aforementioned 5 strategic steps towards a high-value healthcare delivery system
should be supported by an IT platform (Porter & Lee, 2013). If the IT infrastructure
that is not organised in the right way, limited benefits from the previous steps can
be gained. Feeley et al. (2020) discusses the evolution of healthcare IT systems and
explains that medical data is siloed which hampers outcome and cost measurement.
For a healthcare IT system to enable value it must:
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• Be patient-centred

• Use common data definitions

• Encompass different data types

• Be accessible to all parties involved

• Include specified medical condition templates

• Be easy to extract information

c.2 implementation in the netherlands
Besides the academic interest in the concept of value in healthcare, it also got increas-
ingly adopted and refined by healthcare providers and payers globally (Feeley et al.,
2020). Mjåset et al. (2020) studied the implementation of value-based healthcare in
four different healthcare systems: Massachusetts (USA), the Netherlands, Norway, and
England (UK). They assessed the implementation status following the elements of the
strategic framework as defined by Porter and Lee (2013). See Appendix C.1 for the
elements. They have found that elements of the theoretical framework function bet-
ter in some health care systems than others. The scope of this research is the Dutch
healthcare system and, therefore, analysis on the implementation will be limited to the
Netherlands. Table C.1 presents the implementation status per element.

c.2.1 Recommendations for implementation
Mjåset et al. (2020) provided several recommendations to drive the implementation of
VBHC further. A key enabler mentioned was the involvement of the government. As
the providers, insurers and patients may have different interests, it is too complex for
these stakeholders to lead the transition. Another essential aspect is the culture among
providers. The culture at one of the pioneers, Santeon, is to collect, discuss and learn
from data to improve healthcare, which can accelerate the diffusion of VBHC. Finally,
the improvement of the IT infrastructure was mentioned as a key enabler for VBHC. IT
systems across the care cycle should be integrated so that, for example, primary care
and specialty care can collaborate in a more efficient way. With emerging technologies,
the healthcare industry is getting more improvement opportunities for IT.
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Strategic step Implementation status

1. Organize into IPU There are some providers that drive the implementation of VBHC. “The development seems to have come closest to what
constitutes an IPU” (Mjåset et al., 2020). The Santeon group, consisting of seven hospitals, is one of the pioneers in the
Netherlands and operates on some elements as an IPU.

2. Measure outcomes &
cost

In 2018, the Ministry of Public Health Welfare and Sport set the ambition that outcome information must be available for 52

disorders. The outcome data will be based on standards of the ICHOM to accelerate the availability of outcome information.
It is important that data is collected, analyzed and shared in the same way (Ministry of Public Health Welfare and Sport,
2018a). The outcome standards are based on both PROMs and PREMs. Whereas PROMs measure the healthcare status
achieved, the PREMs measure the experience of the care process and services.

3. Bundled payments Large Dutch insurance companies, like Zilveren Kruis, Menzis, CZ and VGZ, are already experimenting with value-based
payment models on a small scale. For example, Menzis combines a base price per case unit, medical products used and the
outcomes achieved (EIT Health,2020 p. 51). However, the majority of payments are still based on the DTCs.

4. Integrate Delivery sys-
tems

The government supports providers to collaborate and provide the right care at the right care setting. Interviewee 1.6 men-
tioned that this is one of the challenges healthcare is facing. Patients are referred back and forth, without getting actual
treatment. ZorgDomein is a platform in the Netherlands that connects demand, the referrers (e.g. GPs), and supply, the
providers (e.g. medical specialist).

5. Geographic reach The Dutch health care has eight independent academic hospitals spread across the country, acting as tertiary referral centres
for the most complex patients. Highly specialised treatments are provided in these academic hospitals whereas less complex
treatments are provided in general hospitals or independent treatment centres (ZBC).

6. IT platform In order to achieve the governments’ objectives of outcome-based healthcare, several projects are ongoing. Naturally, a set
of indicators per disease must be available to achieve this goal. The generic data sets of ICHOM will be used as guidance
(Van Duivendijk & Hutink, 2018). These should be streamlined with the healthcare information blocks (Zibs). The Zibs are
the data standards used to achieve semantic interoperability on an information-level (Meijboom & Klein Wolterink, 2020).
Projects such as Medmij1, VIPP2 and Registratie aan de bron3 also use the data standards. While there are many ongoing
projects regarding interoperability and standardisation, not all criteria of Porter and Lee (2013) are satisfied yet.

Table C.1: Overview of implementation status of VBHC in the Netherlands



D S TA K E H O L D E R A N A LY S I S

Stakeholder category Role Interest(s) Interest(s) Power Power

Patients Consume medical care High High-quality and patient-centred
care, reasonable premiums, acces-
sibility of care

Low Little to no power to initiate changes in
healthcare system.

Patient organisations (patient fed-
eration)

Represents the interests of patients for spe-
cific medical conditions, provides informa-
tion to patients and third parties

High High-quality care, reasonable pre-
miums, accessibility of care

Medium Collective power to address issues for pa-
tients, not specific for VBHC.

Large healthcare providers (e.g.
Academic hospitals, general hos-
pitals, etc.)

Providing care services that are covered un-
der the Healthcare Insurance Act (Zwv).
Care services include: diagnosis, treatment
and evaluation.

High Providing high-quality care, posi-
tive and stable business case

Medium Certain power to discuss policies and innova-
tions.

Small healthcare providers (e.g.
medical specialistic treatment cen-
tres, independent clinicians, etc.)

Providing care services that are covered un-
der the Healthcare Insurance Act (Zwv).
Care services include: diagnosis, treatment
and evaluation.

High Providing high-quality care, posi-
tive and stable business case

Low Little to no power in the healthcare system.
Needs to collaborate for power.

Insurance companies Fulfilling the duty of care, which includes: (i)
purchasing health services covered by basic
health insurance

Medium Providing care with a good bal-
ance in quality and price.

High Power to determine which providers are se-
lected for a contract. Authority to set rules
and conditions for access to care services (e.g.
referral letter)

Overarching interest group insur-
ers (Zorgverzekeraars Nederland,
ZN)

Representing the common interests of insur-
ance companies in the Netherlands.

Medium Policy-making about health insur-
ance (legitimacy, contracts, basic
insurance, etc.)

High Power to initiate or withheld decision in new
policies.

Health information systems
(HIS/XIS) suppliers

Provide information systems for healthcare
contexts

Medium Profits, level of adaptation/usage,
innovation

Medium Determine the content and speed of new re-
leases of systems.
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Stakeholder category Role Interest(s) Interest(s) Power Power

The Dutch government (incl. Min-
istry of Public Health Welfare and
Sport)

End-responsible for providing high-quality
care that is affordable and accessible to every
Dutch citizen. Tasks include, but not limited
to: (i) Determine public health targets; (ii) Fa-
cilitate healthcare actors; (iii) Define the con-
tent of the basic health insurance package

High Affordable, accessible and qualita-
tive care for all citizens.

High Authority to impose obligations to market
players. Power to change maximum costs
prices for care services.

Dutch Healthcare Authority
(NZa)

(i) Supervises the purchasing, insurance and
provision market; (ii) Regulates the proper
functioning of the regulated competition; (iii)
Determines maximum tariffs

Low Compliance with law and regula-
tions

Medium Authority to impose obligations to market
players. Power to change maximum costs
prices for care services.

Health Care Inspectorate (Inspec-
tie Gezondheidszorg en Jeugd,
IGJ), National Healthcare Insti-
tute (ZiNL)

(i) Supervises the quality, affordability and
safety of healthcare; (ii) Stimulates quality
improvement and provide advise on innova-
tions; (iii) Advising the Ministry on the con-
tent of the basic benefit package

Low Compliance with law and regula-
tions

Medium Authority to impose obligations to market
players.

Nictiz Responsible for development, management
and distribution of healthcare standards.

Medium Standardisation, innovation, inter-
operability of IT in healthcare

Medium Little to medium power to initiate change in
healthcare by providing knowledge.

VZVZ Responsible for facilitation of (medical) data
exchange via LSP

High Secure and efficient exchange of
data

Low Determine the content and speed of new re-
leases of systems.

HL7, IHE, Edifact Providing standards for data exchange High Profits, level of adaptation/usage,
innovation

Low Determine the content and speed of new re-
leases of standards.

Overarching interest group for IT
suppliers (OIZ)

Representing the common interests of IT sup-
pliers in the Netherlands.

Low Standardisation, innovation Low Little to no power to make decisions regard-
ing VBHC implementation.

Dutch Data Protection Authority
(DPA)

Responsible for supervision of compliance
with the legal rules of the GDPR.

Medium Compliance with law and regula-
tions.

Medium Authority to impose penalties and obliga-
tions to market players.

Dutch Institute for Clinical Audit-
ing (DICA)

Responsible for executing quality analysis in
healthcare. Provides healthcare providers
with insights in quality and feedback.

High Accessible data and information Low Little to no power to make decisions regard-
ing VBHC implementation.

Projects and initiatives (Medmij,
ViPP, Registratie aan de Bron,
Outcome-based healthcare 2022,
ICHOM)

Executing projects to improve communica-
tion, patient-related and outcome related in-
formation provision

High Standardisation, innovation, inter-
operability of IT in healthcare

Medium Power is related to the level of adaptation of
standards and methods proposed.

Table D.1: Stakeholder analysis for VBHC
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Introduction
I’d like to thank you for willing to participate in this interview as part of my master thesis. First I will
introduce myself, the research and the objective of today’s interview.

• Introduction researcher & study. My name is Floor de Jonge, and I am a master student in Man-
agement of Technology at TU Delft. At the moment I am conducting my thesis. As part of my
thesis, I am pursuing an internship at PwC’s Risk Assurance department. In my thesis, I focus on
value-based healthcare. Value-based healthcare aims to maximize the outcomes for the patient. It
is assumed that if providers are rewarded for their services based on the outcomes, quality will rise
and costs will reduce. A prerequisite for value-based healthcare is outcome and cost measurement
over the full cycle of care. However, the current IT landscape impedes the transition to value-based
healthcare.
This study tries to find out how the IT for healthcare providers can be designed to enable value-
based healthcare. This includes for example data exchange between providers, outcome and cost
measurement over the full care cycle, and reimbursement.

• Goal interview. The goal of this interview is to [understand the current situation, identify problems
of healthcare] / [to derive practical experience and requirements for a value enabling information
system].

• Confidentiality. This interview and all answers given to any questions will remain confidential.
All personally identifiable information will be removed before processing and presenting the data.
However, to support the notes, I would like to record the interview. Is that okay with you?

• Time duration. This interview is planned to last about [30 - 60] minutes. If the time is running
short, I may interrupt you to be able to finish the questions.

• Other. Before we start the interview, do you have any questions in advance? If any questions (or
other questions) arise at any point during the interview, please feel free to ask them.

A. Background Interviewee

1. How long have you been working in your present position?

2. Can you briefly describe your role and responsibilities?

B. Healthcare situation

1. What are the main challenges for the healthcare industry according to you?

2. Optional: What are the challenges for your organisation in the short and long term?

C. Healthcare & IT

1. How would you describe the current IT landscape in healthcare?

2. To what extent does IT play a role in the healthcare processes?

3. How is information of healthcare processes currently exchanged between stakeholders?

D. Relationship between stakeholders

1. To what extent does trust play a role between the different stakeholders?

2. What role should the government play?

E. Other subjects

1. Are there other things that we have not covered, but are relevant to consider?
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Introduction1

A. Background Interviewee

1. How long have you been working in your present position?

2. Can you briefly describe your role and responsibilities?

B. Value-based healthcare

1. What are your experiences with value-based healthcare?

2. Considering value-based healthcare, what do you think are essential elements for implementation?

C. Trust, trustworthiness and transparency
During some first phase interviews, it was found that trust is an issue between the different stakeholders.
In addition, mutual trust and collaboration between stakeholders is a prerequisite for value-based health-
care. Unfortunately, trust in itself cannot be managed, as this is perceived by the trustee. A dimension
of trust is trustworthiness, which is also perceived by the trustee. A dimension of trustworthiness is
transparency which can be managed by an organisation.

1. To what extent can the procedures, care process or outcomes be observed by third parties? For
example, are the methodologies used for medical interventions visible to others?

2. What would be the effect of transparency on the relationship between stakeholders? Think about
win-win situations or risks.

As mentioned before, transparency can be managed to some extent. The following questions will cover
the mechanisms to do that.

D. Managing: Disclosure of information
The first mechanism is ‘Disclosure’ and is defined as the extent to which relevant information is received
timely. For the information to be transparent, it must be openly shared. Besides transferring information it
must be documented and communicated appropriately. Other associated words are: visibility, availability,
accessibility, and observability refer to aspects of open information sharing, the term real-time suggests
timeliness.

1. Considering disclosing information, what information is mainly relevant for:

• Providers?
• Insurers?
• Patients?
• Other stakeholders (e.g. government)?

2. Which information is currently not disclosed but is required to assess value? (e.g. not visible,
accessible or available)

3. What information can be shared openly between stakeholders? And which information not?

4. How could the information be disclosed while ensuring patients’ and physicians’ privacy?

5. What do you consider timely received? What timeframe should be used for stakeholders to base
decisions on? (for example, insurers to determine annual prices)

6. What technical elements and standards are essential for data exchange to consider?

E. Managing: Clarity of information
‘Clarity’ is defined as the perceived level of lucidity and comprehensibility of information received from
a sender. Also referred to by other literature as understandability, coherence and interpretability of data.

1 See Appendix E for the content of the interview introduction.
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1. To what extent do you consider coherent and understandable data representation could enhance
the perceived trustworthiness?

2. According to you, what is the most appropriate way to disclose relevant information to the stake-
holder groups (e.g. platform, mobile application, updates, etc.)?

3. Which elements are essential to include when presenting information? (e.g. timestamps, data
sources)

4. How should one be able to check whether the information is understood correctly by the recipient?

F. Managing: Accuracy of information
The last mechanism is ‘Accuracy’ and is defined as the perceived correctness of the information. Infor-
mation cannot be considered transparent if it is purposefully biased or contrived. Accuracy is unique to
disclosure and clarity in that it is about information reliability rather than completeness or understand-
ability.

1. How can the correctness of medical data be verified?

2. To what extent do professionals trust data from other sources (machines, humans)?

3. Could the patients play a role in increasing the accuracy of data? For example, verifying personal
information? Please explain your answer.

G. Trade-offs

1. For an information system that discloses relevant information about processes, outcomes and costs
to stakeholders in healthcare, how would you look at the following trade-offs?

• Privacy vs. Traceability
• Ease-of-use vs. Security
• Development vs. Maintenance

H. Other subjects

1. Are there other things that we have not covered, but are relevant to consider?



G E X P E R T PA N E L S E S S I O N

A. Background information

• Introduction researcher & study. My name is Floor de Jonge, and I am a master student in Man-
agement of Technology at TU Delft. At the moment I am conducting my thesis. As part of my
thesis, I am pursuing an internship at PwC’s Risk Assurance department. My thesis focused on
the necessary IT elements to enable outcome measurement, a prerequisite of VBHC.
During the preliminary interviews, it was found that VBHC requires collaboration and trust in
the relationship. Also, some interviewees mentioned that insight in outcomes and processes could
enhance the level of trust. Indeed, transparency is somehow related to trust. For the in-depth
interviews managing transparency was therefore the focus.
Using the information from the interviews and literature, I have developed an IT architecture. The
goal of the IT architecture is to unlock the potential of VBHC and accelerate diffusion across the
Netherlands.

• Goal session. The goal of this session is to evaluate the appropriateness of the model. By the means
of discussion I will capture your thoughts, opinions and feedback.

• Confidentiality. This interview and all answers given to any questions will remain confidential.
All personally identifiable information will be removed before processing and presenting the data.
However, to support the notes, I would like to record the interview. Is that okay with you?

• Time duration. This session is planned to last about 60 minutes. If the time is running short, I may
interrupt you to be able to finish the questions.

• Other. Before we start the interview, do you have any questions in advance? If any questions (or
other questions) arise at any point during the interview, please feel free to ask them.

B. Architecture Vision
The main objective of the architecture is: “to increase interoperability and transparency in healthcare systems”.
This would lead to:

• Patient empowerment: At the heart of VBHC is the patient. Patients should be able to make
informed decisions about their patient journey. They have the right to choose a healthcare provider
that fits their needs best. Access to personal outcome information and general outcome indicators
is key to achieve patient empowerment.

• Continuous quality improvement: VBHC is about continuous quality improvement of healthcare
on a personal and societal level. Operating in an isolated environment will not contribute to this
vision. The architecture should stimulate providers to collaborate across the care cycle and share
information. Moreover, comparing outcomes allows healthcare professionals to discuss differences
and come to new insights.

• Value-based contracts: Transparency on outcomes can provide an opportunity to move away from
ill-structured financial incentives and allow insurance companies to pay for delivered value. This
encourages providers to aim for maximum value.

C. Architecture
Present Architecture overview (see Figure 6.1.)

D. Questions Experts
Background

1. How long have you been working in your present position?

2. Can you briefly describe your role and responsibilities?

Transparency, trust and value-based healthcare

1. What is your first thoughts about a higher transparency to enable value-based healthcare?

2. Do you think transparency could be the solution to the low level of trust between stakeholders?
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EA model

1. What are your first thoughts on the model?

2. Could this model be a solution to enable value-based healthcare?

• Do you think that outcome and costs measurement could be established?
• To what extent do you think stakeholders would use the information on this platform?
• What are the treats for adoption of such a solution?

3. What are the risks of the model?

4. What could be improvements to the model?

Per layer the following discussion questions are

• What are your first thoughts about the components?
• Could these components offer a way to facilitate VBHC?
• Which components, if there are any, are essential for VBHC?
• What components are feasible to realise in the short or long term future?
• Are you missing any components in this layer?

Other subjects
Are there other things that we have not covered, but are relevant to consider?



H C O D E B O O K

Code Groups Code Grounded Density

APPLICATION Application: Digital patient journey (i.e. process) 1 1

APPLICATION Application: Providing information in different ways 1 2

APPLICATION Application: Testing information systems 5 2

APPLICATION Application: Processing data in-house leads to higher level
trust in data

4 1

APPLICATION Application: Simple interface with ability to get more details
by clicking through

3 3

APPLICATION Application: Tool for clinicians to report issues 4 2

APPLICATION Application: Tool for patients to report issues 3 3

APPLICATION Application: Analysis on reported issues and unclarities 1 2

APPLICATION Application: Connection between platform and HIS 1 3

APPLICATION Application: Enhance clarity by FAQ or chatbots 1 2

APPLICATION Application: Data processing model 3 1

APPLICATION Application: ETL 1 5

APPLICATION Application: Ways to ensure privacy of individuals 2 1

APPLICATION Application: Technical verification of data accuracy 3 3

APPLICATION Application: Providers (AGB) and insurers should have access
to platform

1 1

APPLICATION Application: Data should be extracted in batches 2 4

APPLICATION Application: Easy to find where to fill out information 1 2

APPLICATION Application: EHR 1 3

APPLICATION Application: Option to withold information 2 1

APPLICATION Application: Patient portal does not suite needs 1 1

APPLICATION Application: Include insurance information in PHE 1 1

APPLICATION Application: Dashboard for patients (n=1) 2 1

APPLICATION Application: Tool to ask for clarity 2 3

APPLICATION Application: PHE 3 8

APPLICATION Application: logging of data adjustments 3 2

CHALLENGES Challenge: Healthcare expenditure rises 2 4

CHALLENGES Challenge: Fast changing laws and regulations 3 3

CHALLENGES Challenge: Positive business case providers 4 6

CHALLENGES Challenge: COVID-19 2 2

CHALLENGES Challenge: healthcare demand rises 2 6

CHALLENGES Challenge: Administrative burden 8 6

CHALLENGES Challenge: complexity of care 3 2

CHALLENGES Challenge: Shortage on labour market 4 5

CHALLENGES Challenge: Sustainability of healthcare 1 4

CHALLENGES Challenge: Availability of information 1 0
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code book H-2

Code Groups Code Grounded Density

CHALLENGES Challenge: working pressure 2 3

CHALLENGES Challenge: Loneliness 2 2

CONCERNS Concerns: Data ownership 3 1

CONCERNS Concern: Certainty that participants will not be exploited 2 0

CONCERNS Concerns: Impact of VBHC 3 1

CONCERNS Concerns: Ethical discussions about the added value of treat-
ments

3 0

CONCERNS Concerns: transparency in short term 3 0

CONCERNS Concerns: Complex to implement VBHC 1 1

CONCERNS Concern: Relationship providers and insurers 2 0

ENABLERS IT solution: PHE 3 0

ENABLERS IT solution: MedMij label provides network for secure data ex-
change

2 0

ENABLERS Enabler: Regional collaborations encourage data exchange 1 0

ENABLERS IT solution: Personal Health Train 2 0

ENABLERS Implementation enablers 0 2

ENABLERS Enabler: IT solutions 7 5

ENABLERS IT solution: XDS 2 0

ENABLERS Enabler: Standardisation 4 0

ENABLERS Enabler: Different financial stimulus 2 3

ENABLERS Enabler: Reliable and real-time data 7 1

ENABLERS Enabler: Multiple-year contracts 1 1

ENABLERS IT solution: Automating processes 2 1

ENABLERS Enabler: One party must take the lead 2 0

ENABLERS Enabler: exchange best practices 3 2

ENABLERS IT solution: Benchmark providers 9 2

ENABLERS Enabler: Intrinsic motivation of healthcare professionals 2 0

ENABLERS Enabler: Changing mindset 5 1

ENABLERS Enabler: Determine objectives and communicate 3 1

ENABLERS Enabler: mutual trust 3 1

ENABLERS IT solution: One platform to communicate with different stake-
holders

4 1

ENABLERS IT solution: Wrappers & APIs 1 1

FINANCE Contracts: terms & conditions 4 8

FINANCE Contracts: Quality is a secondary term 3 1

FINANCE Contracts: Shared savings model 3 2

FINANCE Contracts: Contracting process 2 3

FINANCE Finance: Contracts 0 5

FINANCE Finance: Legitimacy of claim 0 5

FINANCE Control to assess legitimacy of claim 5 3

FINANCE Finance: Perverse financial stimulus 6 5

FINANCE Information needed to assess claim 5 1

FINANCE Contracts: Bundled payments 2 2

FINANCE Claim process 3 1

FINANCE Contracts: outcome-based contracts are complex to execute 4 3

FINANCE Insurance companies need to justify reimbursements 4 1



code book H-3

Code Groups Code Grounded Density

IMPLEMENTATION
BARRIERS

Barrier: solutions will be developed if there is enough demand 1 0

IMPLEMENTATION
BARRIERS

Barrier: Implementation time 2 1

IMPLEMENTATION
BARRIERS

Barrier: Full transparency is a risk 3 0

IMPLEMENTATION
BARRIERS

Implementation barrier: Little resources to improve quality 2 3

IMPLEMENTATION
BARRIERS

Implementation: Acceptance of technology 9 1

IMPLEMENTATION
BARRIERS

Barrier: There is too much freedom to create solutions 1 0

IMPLEMENTATION Implementation: Pilots 1 0

IMPLEMENTATION Implementation: Collaboration Nictiz, government and
providers

1 0

IMPLEMENTATION Implementation: Insurers have the power to steer innovation 4 0

IMPLEMENTATION Implementation: Government should take more control 1 0

IMPLEMENTATION Implementation: One party must take the lead 2 0

IMPLEMENTATION Implementation: Environment to trust 1 0

IMPLEMENTATION Mindset: Motivation to innovate is higher than to evaluate 1 0

IMPLEMENTATION Implementation: Start hands-on and learn in the process 3 0

IMPLEMENTATION Insurers can facilitate learning sessions between providers 1 0

IMPLEMENTATION Implementation: Providers and insurers should have the same
goals

3 0

IMPLEMENTATION Implementation: Phased introduction of transparency 6 0

IMPLEMENTATION Mindset: Be transparent to learn from each other 6 0

IMPLEMENTATION Implementation: Market players should be drivers 4 0

IMPLEMENTATION Implementation: Time to implement VBHC 4 1

IMPLEMENTATION Implementation: Government should have a facilitating role 9 0

IMPLEMENTATION Enabler: Start with in a small test environment 1 1

INFORMATION Information: Sustainability of outcomes achieved should be vis-
ible

1 1

INFORMATION Information: Presentation for patients 17 2

INFORMATION Information: Presentation for insurers 13 1

INFORMATION Information: Presentation for providers 12 1

INFORMATION Information: General ratings are not enough to base decisions
on

1 1

INFORMATION Information: Patients are more willing to provide data if they
see it back

3 1

INFORMATION Information: For the government real-world data vs. trial data
would be interesting

1 1

INFORMATION Information: Not sharing costs 5 1

INFORMATION Information: Internal organisation analysis 7 1

INFORMATION Information: Patients like me 7 2

INFORMATION Information: OMOP data model 1 1

INFORMATION Information: BgZ could facilitate patient history 2 1

INFORMATION Information: Outcome indicators set per medical diagnosis 3 5

INFORMATION Information: Data models should revolve around care instead
of finance

1 1



code book H-4

Code Groups Code Grounded Density

INFORMATION Information: Presentation of information 1 11

INFORMATION Information: HL7 FHIR / CDA as transport standard 3 2

INFORMATION Information: Benchmark providers 4 3

INFORMATION Information: Availability of patient history 3 2

INFORMATION Information on organisation-level motivates clinicians to partic-
ipate

1 1

INFORMATION Information: Presentation of information must be consistent 1 1

INFORMATION Information: Data for outcome indicators 10 3

INFORMATION Information: Zibs fit the outcome indicators well for 80% 2 1

INFORMATION Information: Zib ’problem’ could be an essential element for
outcome measurement

1 2

INFORMATION Information: Determine population group 5 2

INFORMATION Information: Using Zib and SNOMED 9 4

INFORMATION Information: ICHOM is outdated and complex 1 1

INFRASTRUCTURE Technology: Use data from PHE 1 1

INFRASTRUCTURE Technology: Level of security should be aligned 1 3

INFRASTRUCTURE Technology: validation of medical equipment 1 1

INFRASTRUCTURE Technology: Use data from Basic Person Administration 1 2

INFRASTRUCTURE Technology: Intermediary for data exchange (e.g. LSP) 3 1

INFRASTRUCTURE Technology: A platform that provides outcome information 3 2

INFRASTRUCTURE Technology: Use data from public institutions 1 1

INFRASTRUCTURE Technology: Data provenance 8 3

INFRASTRUCTURE Technology: Use data from insurer (Vektis database) 3 1

IT BARRIERS IT barrier: Complexity of administering value 4 3

IT BARRIERS IT barrier: Data quality is questionable 2 7

IT BARRIERS IT barrier: unity of language 4 0

IT BARRIERS IT barrier: Lack of interoperability 4 5

IT BARRIERS IT barrier: Fragmented IT landscape 8 2

IT BARRIERS IT barrier: Data is not accessible 5 3

IT BARRIERS IT barrier: Manual interaction required 6 2

IT BARRIERS IT barrier: Data is not reused 3 2

ORGANISATION Organisation: Organise ’go-to’ point for feedback of systems 1 1

ORGANISATION Organisation: Structure and responsibilities 1 5

ORGANISATION Organisation: Contracts can be based on outcome indicators 1 1

ORGANISATION Organisation: Allow analysis on aggregated level for research
(law)

1 1

ORGANISATION Organisation: A mediating party could neutralise power differ-
ences

1 1

ORGANISATION Organisation: Patient cannot be responsible for managing
health record

1 1

ORGANISATION Organisation: Provide positive stimulus for accurate adminis-
tration

3 1

ORGANISATION Organisation: Insurers should be partners instead of control
institutions (role)

4 1

ORGANISATION Organisation: Governance of IT systems 2 2

ORGANISATION Organisation: Patients are partners (role) 2 1



code book H-5

Code Groups Code Grounded Density

ORGANISATION Organisation: Government could impose standards on actors 2 1

ORGANISATION Organisation: Determine IT-capabilities 1 1

ORGANISATION Organisation: Responsibility of healthcare professionals to reg-
ister

1 1

ORGANISATIONAL
BARRIERS

Barrier: Accurately administrating is time consuming 2 0

ORGANISATIONAL
BARRIERS

O&P Barrier: Ambiguous definiton of value 1 3

ORGANISATIONAL
BARRIERS

Barrier: Uniform KPIs and procedure to measure outcomes 4 3

ORGANISATIONAL
BARRIERS

O&P: Privacy legislation 5 1

ORGANISATIONAL
BARRIERS

Barrier: Information from other providers in the chain is not
freely accessible

1 0

ORGANISATIONAL
BARRIERS

O&P barrier: Healthcare structure 4 4

ORGANISATIONAL
BARRIERS

O&P barrier: Fragmentation of healthcare industry 3 3

ORGANISATIONAL
BARRIERS

Barrier: physicians do not want to rely on second-hand data 1 0

ORGANISATIONAL
BARRIERS

O&P barrier: Law and regulations 1 5

PROCESS Process: Evaluate care services with PROM & PREM 5 2

PROCESS Process: Verification by clinicians 2 2

PROCESS Process: Tailor care process to patient needs 5 1

PROCESS Process: Accurate administration 4 8

PROCESS Process: Consultation between clinicians within and across dis-
cipline

1 1

PROCESS Process: Feedback loop of understanding 2 4

PROCESS Process: Ask check questions to patient for understanding 2 1

PROCESS Process: Provide outcome information before consult 1 1

PROCESS Process: Verify if other party understands the data 1 1

PROCESS Process: Shared decision-making moment 5 3

PROCESS Process: First explanation in consult, then provision of outcome
indicators

3 3

PROCESS Process: Audit processes 4 2

PROCESS Process: Measure and evaluate health status (n=1) 6 2

PROCESS Process: Work visits 1 1

PROCESS Process: Care processes 0 7

PROCESS Process: Patient should be able to verify information 4 2

PROCESS Process: Human verification of data accuracy 3 3

RELATIONSHIPS
BARRIERS

Relationship barrier: Lack of transparency 6 3

RELATIONSHIPS
BARRIERS

Relationship: Interference of insurance companies 3 1

RELATIONSHIPS
BARRIERS

Relationship: Healthcare provider has low bargaining power 4 3

RELATIONSHIPS
BARRIERS

Relationship barrier: Low level of trust 6 5

RELATIONSHIPS
BARRIERS

Relationship: Misaligned interest 9 4



code book H-6

Code Groups Code Grounded Density

RELATIONSHIPS
BARRIERS

Relationship: Competition hampers collaboration 1 0

RELATIONSHIPS
BARRIERS

Relationship barrier: Perceived image 6 2

RELATIONSHIPS
BARRIERS

Personal interests conflict 2 1

REQUIREMENTS Principle: Unity of language 4 3

REQUIREMENTS Principle: Continuous learning 10 4

REQUIREMENTS Requirement: Define value and outcome indicators 5 4

REQUIREMENTS Principle: Information quality is traceable 5 4

REQUIREMENTS Principle: Maximise value for patient 15 5

REQUIREMENTS Requirement: Patients should be in control in their own patient
journey

4 5

REQUIREMENTS Requirement: Tailor presentation of information to audience 1 5

REQUIREMENTS Requirement: Patients should be informed when their data is
consulted

3 1

REQUIREMENTS Requirement: Data should be validated 0 7

REQUIREMENTS Requirement: Providers should be able to access medical data
without permission under very special circumstances

1 1

REQUIREMENTS Requirement: Determine roles and responsibilities 2 5

REQUIREMENTS Principle: Comply to law and regulations 2 3

REQUIREMENTS Requirement: Patients should be able to make an informed de-
cision

5 5

REQUIREMENTS Requirement: Analysis on patient-level 5 6

REQUIREMENTS Requirement: Standardise information- and data models 6 8

REQUIREMENTS Requirement: multiple sources of data 4 5

REQUIREMENTS Requirement: There should be a possibility to explain informa-
tion by a professional

3 4

REQUIREMENTS Requirement: The process for data extraction and processing
should be robust

4 6

REQUIREMENTS Requirement: Automating processes to reduce human errors 3 1

REQUIREMENTS Non-functional requirements 0 3

REQUIREMENTS Principle: Balance technology and human interactions 4 2

REQUIREMENTS Requirement: Communicate objectives of data collection and
analysis

4 1

REQUIREMENTS Requirement: Effectiveness of communication should be evalu-
ated

3 5

REQUIREMENTS Requirement: Choosing own IT systems 3 1

REQUIREMENTS Requirement: Analysis on aggregated level 4 9

REQUIREMENTS Requirement: Ability to exchange data 3 6

REQUIREMENTS Requirement: Actors must have access to relevant data 8 6

REQUIREMENTS Requirement: Communicate objectives and plan 4 2

REQUIREMENTS Requirement: Ensure information security 6 3

REQUIREMENTS Requirement: Ensure privacy of individual persons 4 3

REQUIREMENTS DISCLOSURE REQUIREMENTS 0 7

REQUIREMENTS ACCURACY REQUIREMENTS 0 8



code book H-7

Code Groups Code Grounded Density

REQUIREMENTS Principle: Information is clear and understandable 4 5

REQUIREMENTS Requirement: Data should be reusable for different purposes 4 2

REQUIREMENTS Level of maturity in IT systems influences willingness to de-
velop

1 0

REQUIREMENTS CLARITY REQUIREMENTS 0 7

REQUIREMENTS Requirement: One should recognise themselves in the data 5 1

RISKS OF TRANS-
PARENCY

Risk: Possibility to trace data back to individual 1 0

RISKS OF TRANS-
PARENCY

Risk: Data is never 100% comparable 2 0

RISKS OF TRANS-
PARENCY

Risk: Lack of support of physicians for full transparency 2 0

RISKS OF TRANS-
PARENCY

Risk: Unrecognisable data can lead to excessive need to check
data

1 0

RISKS OF TRANS-
PARENCY

Risk: Transparency can lead to cost reduction 2 0

RISKS OF TRANS-
PARENCY

Risk: Transparency can lead to more interaction and questions 1 0

RISKS OF TRANS-
PARENCY

Risk: Transparency can lead to competitive disadvantage 2 0

RISKS OF TRANS-
PARENCY

Risk: more medical interventions to check information quality 2 0

RISKS OF TRANS-
PARENCY

Risk: Noticing that regulation is not strict enough 1 0

RISKS OF TRANS-
PARENCY

Risk: Data could be contrieved for egocentric motives 3 0

RISKS OF TRANS-
PARENCY

Risk: Accuracy of outcome indicators 1 0

RISKS OF TRANS-
PARENCY

Risk: Reusability of data can lead to bias of physician 1 0

TRUST THEORY If transparency increases, less law and regulation are necessary 1 0

TRUST THEORY Ability to provide high-quality care and benevolence influence
contractual agreement

1 0

TRUST THEORY Physicians are vulnerable when sharing outcome information 1 0

TRUST THEORY Transparency leads to feeling of responsibility to do well 1 0

TRUST THEORY Transparency leads to higher perceived ability 1 0

TRUST THEORY Disclose information so that people can form own judgement 1 0

TRUST THEORY Clarity can increase level of trustworthy data 2 0

TRUST THEORY Perception of information quality is influenced by ability
trustee

3 0

TRUST THEORY Experience with IT systems influences the level of trust in data
and processes

1 0

TRUST THEORY Transparency can lead to increased perception of benevolence 1 0

TRUST THEORY Trust in the IT systems is a prerequisite for trust in data 2 0

TRUST THEORY Transparency lead to mutual understanding 2 0

TRUST THEORY Transparency could lead to reason less from assumptions and
more on data

1 0
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