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Abstract 
 

The Danish healthcare is constantly expected to improve its performance. However, the necessary cautious 

approach, when engaging with emerging technologies combined with the pursuit of improvement through tech-

nological developments, complicates this quest for efficiency significantly. This study sets out to examine the 

benefits of blockchain technology and how these can create value for healthcare in a case handling context, 

by contextualizing the findings within cancer treatment in Denmark. In order to facilitate the study, a literature 

review of the benefits of blockchain is conducted, the theory of value-based healthcare is used to explain value 

for healthcare, and a process-oriented framework for assessing the business value of IT is used to further 

explain the created value. The study is of an explorative nature and designed as a qualitative single-case study 

adopting an interpretivist approach, while utilizing interviews for inductive reasoning. What was discovered is 

that blockchain entails the ability to increase efficiency, data quality, auditability, privacy, security and trust. 

Furthermore, utilizing blockchain technology as a mechanism for managing data and processes in an efficient 

and secure way, can be leveraged to create a value enabling IT platform. By establishing an interoperable IT 

system architecture for medical data based on blockchain, decentralized applications with embedded smart 

contract functionality can be developed on top and run seamlessly. Future examples could be templates for 

different diseases that, with programmable logic, defines and executes the logical order of subsequent activi-

ties, with the ability to extract and present relevant information to the appropriate actors. Thereby, blockchain 

can be utilized to aggregate information around the patient while preventing fragmentation of essential infor-

mation. Furthermore,  blockchain can enable a continuous updated and complete overview of the information 

about the patient, and thereby establish a basis for better decision making, ultimately increasing the value for 

patients and thereby create value for healthcare. This study thereby contributes to academia by expanding the 

knowledge of the vastly unexplored relationship between blockchain technology and healthcare in a case han-

dling context. Moreover, by providing suggestive changes that potentially solves important problems and as 

well as by facilitating the cross-fertilization of ideas, the study demonstrates a distinct contribution to practice. 

Finally, by displaying the indicative value of blockchain, the scene is set for further research on how to apply 

blockchain in healthcare, as its case handling capabilities might lead to full integration of public and private 

hospitals and the many actors within healthcare services once the technology matures. 
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1. Introduction 

Healthcare in Denmark is a complex system comprised of multiple actors, all intertwined and collab-

orating in various ways towards the overall goal of curing diseases and ultimately promoting the 

health of the Danish population. A secure , safe and effective healthcare system is an essential part 

of the Danish wealthfare society and the healthcare sector is constantly expected to improve its 

performance in all regions (SUM1, 2017). This emphasizes the need for a coherent, coordinated and 

aligned healthcare system that ensures that patients are taken care of adequately through their 

whole cycle of care (SUM 1, 2017). Technology is increasingly becoming an integrated part of de-

veloping better healthcare services. An important aspect that distinguishes the healthcare sector 

from other sectors, is that the healthcare sector services revolve around people lives, thus imposing 

a relatively conservative stance of low risk towards using new disruptive technologies. However, as 

contradicting as it might be, society still expect healthcare to uphold efficient, affordable and profes-

sional services, supported by utilizing new and modern technologies. The necessary conservative 

approach in combination with the pursuit of improvement through technological developments, sets 

healthcare in a difficult position in their quest for efficiency.  

 
“Now is probably the right time in our history to take a fresh 

approach to data sharing in health care” 

- John Halamka, CFO at Boston-based Beth Israel Deaconess Medical Center 

 
What if a technology could secure data quality to improve the use of information, data sharing and 

enable a more intelligent patient involvement, thereby building a more efficient healthcare system to 

mitigate the currently experienced issues and prepare our society for the future healthcare chal-

lenges? This technology might already exist in the form of distributed ledger blockchain technology. 

 
“The technology likely to have the greatest impact on the future of the world 

[…] It’s called the blockchain” 

- Don Tapscott,  Founder and Executive Chairman, Blockchain Research Institute 

 
The essential capability of the technology is a new way to store and share data and information, by 

using cryptography throughout a distributed system (MIT, 2018). Thereby, the technology enables 

the removal of central storage facilities by establishing a network that allows each participant to 

interact without trust between the parties (Deloitte, 2016). The technology is argued to secure data 

records are not lost, misplaced, tampered, falsified or exposed to hacking (Rapke, 2017). This ca-

pability has caught the attention and interest from numerous companies, and industries, among 

some of the biggest institutions aiming to capture the value of the hyped technology and avoid the 

risk of being disrupted (Tapscott, 2012). Numerous companies have already held conferences about 
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the possibilities of this distributed ledger, and invested millions to understand this new technology 

and possible solutions to their challenges (Ramamurthy, 2016). 

The hype surrounding blockchain have not gone unnoticed by the healthcare sector, who also put 

effort into exploring valuable use cases of the technology. Blockchain technology is thought to enable 

and allow the various actors in the delivery of healthcare service “to share access to their networks 

without compromising data security and integrity” (IBM 2, 2018). However, in the light of its young 

and immature nature, no one is exactly sure how to make use of the innovative technology to build 

advantageous capabilities. Implemented use cases of conceptualized ideas are thus missing. De-

spite the lack of proof-of-concepts and proven use cases, blockchain is still believed to carry the 

potential to innovate, transform and/or disrupt the healthcare sector (Forbes, Marr B, 2017). As the 

technology itself is “placing the patient at the center of the healthcare ecosystem and increasing the 

security, privacy, and interoperability of health data” (Deloitte 1, 2017). 

 

1.1 The Problematic Future of Healthcare 

The Danish healthcare system is currently thought to perform rather well, but in the light of a societal 

and technological trends, it is expected to face significant future challenges (Kora, 2017; SUM 2, 

2018). Currently, a patient’s medical history is dismantled and dispersed across multiple actors and 

in different systems (SUM 2, 2018). One part is often stored by the primary care doctor while other 

parts of information are stored in other systems of different hospitals or departments patients have 

visited throughout their lives (Kora, 2017). These multiple actors treat different diseases, and in these 

treatment processes, information is shared, retrieved and transferred between regions, hospital de-

partments, municipalities and general practitioners. Doing so in an efficient way is important but is 

currently rather problematic and complex. One approach to increase the efficiency, identified by the 

Danish healthcare sector, is to better manage treatment in order to increase value experienced by 

the patients (Regioner, 2018). Hence, a national project was initiated in spring 2017 that, in collabo-

ration between all five regions, attempts to organize the treatment of a handful given condition ac-

cording to what gives the patient the greatest possible effect (Regioner, 2017 & Regioner, 2018). 

What furthermore complicates this issues, is the fact that the amount of patient data approximately 

doubles every eight month (Dagens medicin 1, 2018). This problematic situation necessitates a so-

lution, as subpar processes ultimately have a negative impact on the patients treatment.  Hence 

there is an apparent need for better use of data to increase the overall ability to deliver good care to 

patients. What is needed is the right information, for right people, at the right time, in the right amount 

(Dagens medicin 1, 2018). To adequately address many of these challenges, data needs to be 

shared and used in a better way to boost digital healthcare collaboration for every patient (SUM 2, 

2018). It is not to say that patient data is not currently being shared or used today, but rather than 
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patient data being sent between the actors in fragmented IT systems, as health policy director at the 

Danish Regions states, patient data should be retrieved from a single place of storage (Dagens 

medicin 1, 2018). 

 
 
1.1.1 Lack of academic writing 

Despite the hype surrounding blockchain, it has only existed for about ten years, which subsequently 

mean that researchers and practitioners are only just starting to fully grasp and understand the tech-

nology and its potential implications (Beck et al., 2016). The majority of current research on block-

chain have focused on explaining various use cases as proof-of-concepts, and focused on explaining 

blockchain in the context of the financial sector or the discipline of supply-chain management (Un-

derwood, 2016; Glaser, 2017; Glaser & Bezzenberger, 2015; Avital et al., 2016; Brandon, 2016; 

Beck et al., 2016). Given the current academic focus on blockchain in these areas and disciplines, 

only a limited amount of research has investigated the use of blockchain in healthcare (Baagø, 

2017). We therefore find it intriguing to explore blockchain technology and its rather unexplored im-

plication in the context of healthcare. Accordingly, this study will delve into the impact of this emerg-

ing technology, and explore the potential effects it could have on the performance of one of the 

cornerstones of the Danish society, as capitalizing on the blockchain technology’s potential may 

connect fragmented systems, improve the overall efficiency and support better health outcomes for 

patients. 
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1.2 Research Question 

Based on the information presented in the introduction and problem clarification, this thesis sets out 

to investigate the value adding effects of blockchain technology in the context of healthcare. To guide 

this investigation the following overall research question has been formulated. 

 

What are the benefits of blockchain technology, and how can this technology create value 

for healthcare in a case handling context? 

 

A clarification of the concepts in the research question is necessary in order to establish an unified 

understanding of the inherent meaning of the question, thus avoiding subjective interpretations of 

key concepts 

 

Concept Clarification 

Benefits Positive effects that potentially can be achieved by applying this technology 

Blockchain technology A decentralized transaction and data management technology, which involves 
a ledger that manages a continuously list of data records. 

Create value Value is created in a given situation if  ‘Situation X’ becomes ‘Situation X im-
proved’’ 

Healthcare Healthcare refers to the maintenance and improvement of health through the 
prevention, diagnosis, and treatment of disease in human beings. 

Case handling The planning, processing and monitoring of activities related to one specific 
case coordinated by a group of actors. 

 

To specify what answering the research question entails and to guide the research, we have included 

two sub research questions, which when answered will provide the foundation for a more compre-

hensive response to the overall research question. In addition to these sub research questions, a 

case will be introduce to contextualize the research, by placing it in the setting of cancer treatment 

process in Denmark. This enables a more precise analysis and provide a strong backbone through-

out the report. The two sub research questions are as follows: 

• What are the current challenges for cancer treatment? 

• How can blockchain technology create IT business value for cancer treatment in Denmark? 

By investigating these two different sub-questions in an explorative study, we set out to clarify the 

benefits of blockchain and map the challenges related to cancer treatment in Denmark. Hereafter, 

we examine the potential value adding effects of these blockchain benefits in an attempt to alleviate 

the identified challenges for cancer treatment, and thereby ultimately provide an answer to the re-

search question. 
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1.3 Research Delimitation 

In the following section, we will establish the limits of this thesis, which in practice entail the self-

imposed boundaries established to ensure the scope of research stays within its limits. Since block-

chain technology is a complex phenomenon and the healthcare sector equally complicated, delimi-

tations in our research is necessary to prevent an unreliable and vague analysis. To avoid this, the 

following delimitations apply to the scope of our research and allows us to comprehensively answer 

our research question. 

Delimitation Explanation 

Geographical delimitation This thesis will only focus on the Danish healthcare sector. Both, block-
chain and healthcare are globally recognized phenomena but are ad-
dressed differently in each country, due to varying domestic conditions. 
Only considering the topic in one context, decreases the complexity 
from impossible to doable. 

Delimitation to theory. The theory of value-based healthcare includes six principles. Here, we 
will only make use of the one. This delimitation relates to the principle 
of value based healthcare, introduced in the latter theory sections. Re-
garding the use of this, it will be delimited to only make use of and fo-
cus on the sixth principle of an enabling IT platform for securing value-
based healthcare. Addressing six elements would be irrelevant for the 
scope of this research. 
Additionally, we will not include or delve into the element of economic 
calculations to estimate specific costs of delivering health outcomes. 
Economic considerations and aspect will thus not be a part of this 
study. 

Delimitation within the analy-
sis 

We will delimit ourselves from a detailed analysis of the IT systems, not 
mapping in details of the whole IT landscape but focus on the issues 
expressed through our data collection. Mapping the entire IT landscape 
would be an extremely time consuming task that would ultimately not 
provide enough value considering the scope of this research 
 We will delimit ourselves from any legal and regulatory focus. This is 
because we are only interested in researching the potential value add-
ing effect from blockchain, where legal and regulatory in contrast does 
not contribute to this general purpose of investigation and is therefore 
excluded. 

Delimitations in the concept 
of blockchain technology. 

In accordance with our research objective, we will not delve into the 
technical design mechanisms of blockchain technology to conduct an 
extensive technical analysis of the blockchain technology itself. It might 
be a grey zone as the benefits are realized from these technical design 
mechanisms, which is why they will briefly be elaborated in section XX, 
but afterwards our focus will change to focus on potential effect as a re-
sult from these benefits. 

Delimitations to our findings We will not test or assess the findings either qualitative or quantitative 
as it is out of scope of this research. 

These delimitations are established to narrow the focus of the thesis, in order to increase the rele-

vance of the findings and conclusions. 
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1.4 Reading Guide 

In order to provide the reader of this study with a comprehensible overview of the different subcom-

ponents that this thesis constitute, this brief section will provide a reading guide, as well as a brief 

description of each section. 

 

Figure 1 - reading guide 

Chapter 1: The first chapter introduce the area of research and problem statement. The research 

question has already been presented and elaborated along with the delimitations, hereafter a case 

description to blockchain and healthcare will follow. 

Chapter 2: In chapter 2 we describe the theoretical framework that will be used to answer the re-

search question. At first, we present the benefits of blockchain identified through our literature review, 

followed by an elaboration of Michael Porter’s theory of value-based healthcare. Finally, the process 

oriented framework for assessing the business value of IT by Mooney et al., is explained. 

Chapter 3: Subsequently the third chapter outlines our methodology that describes our research 

design and the arguments for these choices. 

Chapter 4: In the fourth chapter we present the analysis that is divided into two parts. In the first part 

we explore and analyze cancer treatment to identify areas for improvements. The second part delves 

into these challenges and present changes that potentially could alleviate them. 

Chapter 5: This section revolves around the potential changes previously identified and how block-

chain can facilitate them. Lastly it revolves around blockchains general benefits in a case handling 

context and how can add value. 

Chapter 5: In the fifth chapter we will introduce and discuss current barriers for using blockchain in 

Danish healthcare that were identified in accordance with our analysis of empirical data. 

Chapter 6: In chapter six we will present our main concluding remarks to answer the research ques-

tion. 

Chapter 7: In chapter seven we will reflect upon the different choices made when designing the 

research as well as their impact on the study. Furthermore directions for future research will be 

examined.  
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1.5 Case description 

1.5.1 Blockchain introduction 

Since the creation of the internet, many attempts have been made to solve the internet’s problems 

of security and privacy with cryptography. One such example is by Nick Szabo who presented “The 

God Protocol” in 1997 that involve a vision of an all-encompassing “God” like technology able to 

function as a mutually trusted third party between all transactions (Szabo, 1997). Despite only being 

a vision, he made a powerful point that doing online business on the internet requires leap of faith 

due to lack of security (Tapscott, 2016 s.5). More famously, in 1998 the economist and Nobel prize 

winner Milton Friedman briefly in an interview defines a missing element of the internet as “The one 

thing that is missing, but that will soon be developed, is a reliable e-cash. A method whereby on the 

internet you can transfer funds from A to B, without A knowing B and B knowing A” (Milton Friedman, 

2017), which is a surprisingly accurate description of today's blockchain applications. A decade later 

when the global financial industry crashed in 2008, a pseudonymous person or persons still unknown 

today under the name “Satoshi Nakamoto” presented a new protocol for peer-to-peer electronic cash 

system with the cryptocurrency Bitcoin (Tapscott, 2016). This new idea set off a spark that has both 

excited, terrified, or otherwise captured the attention from the computing world but also found inter-

ests within business, governments, privacy advocates, social development activist, media, journalist. 

(Tapscott, 2016).  Since then, Bitcoin have received much attention and hype in its now 10-year 

history. However focus have now shifted from Bitcoin, towards the underlying technology as one of 

the most promising and revolutionary technologies. 

 

What is blockchain? 

Blockchain is a decentralized transaction and data management technology. It involves a ledger that 

manages a continuously list of data records. One can think of a blockchain as a shared database 

used for registration and as an accounting system, with many use cases including registry, inventory 

and exchange of any form of asset. Blockchain have been prescribed with remarkable and revolu-

tionary potential to redefine large parts of our financial system and to change some fundamental 

structures of how the economy is handled. To emphasize the potential hereof, blockchain is often 

compared to the invention of the Internet and its comprehensive impact on almost every industry 

(Swan, 2015). What differentiates the technology is that it enables trust to emerge through clever 

code which has never successfully happened before in history (Tapscott & Tapscott, 2016). A key 

element of innovation in the blockchain is its proof mechanism of all the transactions on the network 

that remove the need for any third-party intermediary, as users place trust in the consensus algorithm 

instead. Blockchain is believed to be able to provide the fundamental architecture for a new system 

of decentralized trustless transactions and allow for “decentralized global information infrastructure 
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in which no one is in full control, no one has absolute power, and no 

one can distort or lie about past or current events” (Beck et al., 2017 

p. 2). Thereby provide meaningful value through a higher degree of 

objectivity and established trust (Beck, et al. 2017). With these ele-

ments, blockchain technology challenges current business models 

that relies on third parties for verification and trust (Swan, 2015). 

 

Blockchain Technicals 

The blockchain is based on mathematics and advanced cryptography 

to enforce security, and a consensus mechanism to provide govern-

ance. Data of transactions for a given time period are recorded into a 

block and added to the blockchain in a linear chronological order start-

ing from the genesis block (the block containing the very first transac-

tion). Hashing algorithms are in place to ensure all blocks stay valid 

and are not tampered with (Mattila, 2016). The blockchain essentially 

consists of blocks linked to the previous, each containing a list of trans-

actions. The process of determining which block get added and what 

the current state of the blockchain is decided through the consensus 

process, which furthermore is determined depending on which type of 

blockchain network one is operating in, something addressed in the 

following section. Every block is in chronological order on the block-

chain, thus the blockchain contains a complete history of all transac-

tions (Gerstl, 2016). All participants have a personal key that is used 

when creating a transaction. With this key it is possible to account for 

which participant created a given transaction and the receiver of that 

transaction while remaining anonymous (Wolfond, 2017). The block-

chain is authenticated and powered by the widespread decentralized 

network of computers also referred to as nodes, that run identical cop-

ies of the blockchain. All network participants run the blockchain and 

hence hold all data, thus virtually making it unbreakable as there is no 

central point of failure.  

 

  Figure 2 - How blockchain works 
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Types of different blockchain networks 

There are currently three variations of blockchain networks; consortium, private and public block-

chain (Buterin, 2015). In order to understand the difference between these three, it is key to address 

the fact that the openness of the technology varies significantly depending on its inherent design. It 

can be designed in different way, either as a permissioned or permissionless blockchain. Permis-

sionless blockchains operate with full transparency and everyone in the network can see all trans-

actions, and everyone is free to become a node in the system if they desire by spending CPU cycles 

and demonstrating a “proof-of-work” (Cachin, 2016). However, blockchains can equally be designed 

as permissioned, enabling a tighter control over the chain, as participating in the network requires  a 

permission, thus limits the parties who can transact on the chain (Buterin, 2015). Having clarified the 

difference between permissioned and permissionless blockchains, now enables delving into the 

three previously mentioned types of blockchain networks. 

• Public blockchains are permissionless, meaning that anyone can participate in the fully 

decentralized network by engaging in the given consensus protocol. This mean that all nodes 

combine their effort to run the network through transaction in between, while not necessarily 

trusting each other (Cachin, 2016). The consensus process in public blockchains is secured 

through the combination of “economic incentives and cryptographic verification using mech-

anisms such as proof of work or proof of stake”(Buterin, 2015) e.i. cryptoeconomics. 

• Consortium blockchains are permissioned and partly decentralized, as a pre-selected 

amount of nodes control the consensus protocol, these nodes often take form in a handful of 

like-minded institutions (Buterin, 2015). This subsequently entails that the participating nodes 

typically have established identities, as it requires a form of invitation to be able to interact 

(Cachin, 2016).    

• Private blockchains are permissioned like the consortium blockchain, the difference is how-

ever that in a private blockchain the write and read permission are centralized controlled by 

one organization (Buterin, 2015) .  

 

Smart contracts 

When blockchain first was introduced in 2008 in the source code of Bitcoin, it is referred to as block-

chain 1.0 and was designed to focus on cryptocurrencies as digital money. As the fundamental ideas 

explained in the preceding section, quickly caught the masses attention, further development quickly 

took place. Blockchain 2.0 was introduced in 2014 with the development of Ethereum by Vitalik 

Buterin, where one can implement business logics through code into what is defined as smart con-

tracts (Buterin, 2013). The second generation of blockchain allow for all kinds of transactions of value 

to be coded freely into a blockchain. Blockchain 2.0 is an extension of blockchain 1.0 with different 
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capabilities offering more flexibility and with extended functionality, making it a generically program-

mable platform fit to serve as infrastructure of all kinds of blockchain applications. (Buterin, 2013). 

Revolving back to the smart contract, which empower this evolution, they are functionally similar to 

legal documents in the fact they are constituted by a set of rules. They can exist on both permis-

sioned and un-permissioned blockchains and are made up of rights and consequences enforced by 

the blockchain. They are able to function on predetermined consequences in regards to input of 

certain information and can produce an output accordingly. The value proposition of smart contracts 

is the fact that they provide a safe way to ensure certain actions occur and are uphold based on the 

consensus mechanism inherent in blockchain instead of a trusted third party. For many industries 

this trusted third party is a significant cost to the supply chain and removing the need for them has 

potential for groundbreaking impact on the value proposition (Beck et al., 2017). The current devel-

opment of blockchain is moving into the third generation of blockchain. As a new époque in time, it 

is still vaguely defined. As blockchain 1.0 and 2.0 involve the economic efficiency and cost savings 

however blockchain 3.0 focuses on developing new solutions for organizing activity with less friction, 

better efficiency and greater scale. This all becomes pronounced in blockchain 3.0, where decen-

tralized applications (dapps) are conceptually introduced.  

 

Decentralized Applications 

Dapps are run directly on a blockchain, as opposed to conventional apps that run backend on a 

centralized server. The third wave of blockchain focuses on supported organized activity in order to 

support more flexibility. By supporting organized activity blockchain has the potential to change the 

way the way applications are hosted and operated(Swan, 2015). A dApp can be explained as a 

blockchain enabled website where smart contracts allow the dApp to interact and connect to the 

blockchain. The basic structure of a dApps is in a simple way similar to conventional web applica-

tions, but different in the system layers. Traditional web application has a frontend that utilize an API 

to extract information from a database (Frontend → API → Database). A dApp also have a frontend 

but then it utilizes smart contracts to connect to a blockchain that store the data (Frontend →  Smart 

Contract →  Blockchain) (BlockchainHub, 2017), thereby the dApps constitute the frontend and the 

smart contracts and connects to the underlying blockchain (Glaser, 2017). The unique characteristic 

of dApps is that it has its backend code running on a decentralized peer-to-peer network which it 

achieves by operating on top of blockchain technology, as opposed to traditional web applications 

that run on centralized servers(BlockGeeks, 2018). Smart contract has a central role in the concept 

of dApps. dApps make use of smart contracts to connect to the underlying blockchain and thereby 

interacts with the backend, but often a smart contract is only related to a small part of the whole 
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dApp. This imply that to create a dApps on a smart contract system at the application layer, several 

smart contracts needs to be combined and interconnected (BlockchainHub, 2017). 

 

As the technology is still in its infancy, the the conceptual division of the blockchain system is de-

picted below, as it provides “a comprehensive overview of generic blockchain system components 

and relationships” (Glaser, 2017 p. 1547), thus establishing a common basis of understanding 

through the comparison with the general three tier architecture model. 

 

Figure 3 - Blockchain Layers (Glaser, 2017) 

 

Blockchain sceptics 

One of the key criticism towards blockchain is the overly optimistic blockchain evangelists that are 

claimed to be heavily laden by not seeing the full picture and being biased from the increase in 

cryptocurrency prices. Also as blockchain is argued to liberate society from costly third parties and 

providing individuals with better control of private data and records, others argue how blockchain 

technology may end up limiting our freedom because of these uncontrollable and immutable record 

trails without the possibility to be edited or removed. As so we could become limited as a society to 

reinterpret events or change views, important elements essential to overcome differences of opinion 

in human relationships. In such circumstances, the use of blockchain technology may have un-

wanted economic, social, and ecological impact that are unprecedented. (Beck et al. 2017 s.3) 
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1.5.2 Cancer treatment in Denmark 

Healthcare in Denmark is a complex system combined of multiple entities that are all somehow in-

tertwined and are collaborating in various ways. However when cut to the bone, a brief description 

of what healthcare in Denmark entail, would be a multitude of different public entities all with the 

purpose of preventing and curing diseases as well as promoting the health of the Danish population. 

The overall structure of healthcare in Denmark can be divided into three tiers. The state, the region 

and the municipalities, each of which are responsible for specific areas. The following illustration 

attempts to create an overview of the scope of Danish healthcare that this thesis engages with. 

Multiple hospitals exists under each region and are controlled by the region directly. The general 

practitioners are also categorized under the regions but own their practices themselves. The munic-

ipalities contains a range of functions including rehabilitation services.  

 

Figure 4 - Healthcare system in Denmark 

Over the past 10-15 years, Denmark has experienced a significant boost in the quality of the Danish 

health service. However there is still significant room for improvement, which requires the commit-

ment from all different aspects of the healthcare system in order to create the wanted results for the 

patients (Danske Regioner 2, 2017). One specific disease particular in focus is cancer, as it is the 

most frequent cause of death in Denmark (Regeringen, 2016).  

To more effectively improve the survival rate of cancer patients, the government in combination with 

the Danish regions, implemented a specific cancer plan to ensure immediate and correct action 

when needed (Sundhedsstyrelsen, 2016). The purpose of the cancer plan was to improve the quality 

of the diagnosis and quality of life for the patients, by ensuring the patients experienced a well-

organized, holistic process without unnecessary waiting time in connection with examination, initial 

treatment and after-care, rehabilitation and palliation (Sundhedsstyrelsen, 2016). A cancer plan is a 

standardized process for the patients describing the organization, process and communication dur-

ing the process, while also indicating explicit responsibility and time criteria for the various phases 

of the process (Sundhedsstyrelsen, 2016). The decision to introduce the cancer plan was unique not 
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only for the Danish healthcare system, but also in an international context. The cancer plan was a 

result of extensive collaboration by:  

• Healthcare professionals 

• Leading clinicians 

• Administrators and leaders in the regions 

• Danish Regions 

• Municipal Association 

• Ministry Health 

• Health Board (Sundhedsstyrelsen) 

Sundhedsstyrelsen have the main responsibility and is monitoring the performance of the cancer 

plans and continually work on optimizing the processes and descriptions. A cancer plan is defined 

as a sequential well-defined process of time and actions that describe the whole cancer treatment 

from suspicion, to examination, to treatment, to after care and rehabilitation (Sundhedsstyrelsen, 

2016). 

 

The cancer treatment process 

We will now give an example of a cancer plan and describe the four phases, Suspicion, Investigation 

and examination, Initial treatment of cancer and Follow up. All descriptions are based on the cancer 

treatment reports by Sundhedsstyrelsen (Sundhedsstyrelsen, 2016), and a visual presentation of a 

cancer plan can be found on the following page.  

 

Suspicion: 

The initial phase of the cancer treatment is to develop a suspicion for the disease with the purpose 

of referring the patient to further examination. This task is performed by the general practitioner (GP) 

and has a filtering function for the identification of cancer. If there is reasonable suspicion the patient 

is referred directly to further examination. Patients are also able to be referred from other hospital 

departments and will in then start the cancer treatment from the clinical relevant place.  

 

Investigation and examination:  

In the second phase the examination is organized and planned. The respective hospital department 

is responsible for this phase with the main purpose to confirm or deny the suspicion of cancer, and 

in doing so establish a correct clinical assessment of the disease and the situation. This phase is 

important as it determine the specific treatment the patient is offered and needs to consider. The 

examinations and tests are performed and can include repeating tests due to inconclusive results or 

as supplementing examinations. After the examinations the definitive treatment offered to the patient 
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needs to be established. This is debated on a multi-disciplinary team (MDT) meeting and the out-

come is afterwards presented to the patient. The final decision regarding the subsequent treatment 

is made in consent with the patient. 

 

Initial treatment of cancer:  

In this phase the treatment is conducted, which in the case of lung cancer could happen through 

either operation, radiotherapy, chemotherapy or a combination hereof. A distinction is however made 

between treatment that is curatively intended and palliative treatment. The purpose of palliative treat-

ment for non-cure lung cancer is to maintain or improve quality of life and prolong life, while it for the 

curatively intended treatment is designed to cure the patient. At the end of the treatment a rehabili-

tation plan is made (Sundhedsstyrelsen, 2016) 

 

Follow up:  

The rehabilitation is split between the GP and the municipality, whereas the municipality have the 

main responsibility. Continuatively related to the healthcare system is important for the patient at this 

point. Actions to ensure this can be in the form of physical meetings, follow-up electronically using 

an official mail, by telephone or skype. This step marks the end of the cancer treatment.  

 

An important element to note is, that the steps are precisely defined for the 32 respective types of 

cancer treatment. These steps are registered as the patient progresses through the plan, an example 

hereof can be seen in figure 5. 

 

Figure 5 - Cancer plan code 

Furthermore, cancer treatment is under well-defined time criteria in each phase of the treatment. 

This means that each activity has to happen within a given timeframe. An example of a cancer treat-

ment plan and the activities it entails can be seen on the following page.   

  



Copenhagen Business School Blockchain in Healthcare joju16ab@student.cbs.dk 
Cand.merc.IT A Case Study of Cancer Treatment         malo15ah@student.cbs.dk 
Master Thesis 15.05.2018                        sini15ai@student.cbs.dk 

Page | 17  

 
 

 

Figure 6 - Lung cancer plan 
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History of cancer treatment 

Since the first cancer plan was introduced it has evolved and expanded and today we have reached 

the fourth edition of the cancer plan. The purpose and focus of each cancer plan will briefly be elab-

orated to provide the reader with a historical context. 

• Cancer plan I: The first cancer plan was introduced in 2000 as an effort to improve the cancer 

treatment in Denmark with the goal of reducing the overall cancer mortality. At this stage the 

effort was focused on detecting more cancer patients and making sure they got relevant 

treatment. 

• Cancer plan II: The second cancer plan followed in 2005 with an emphasized focus on in-

creasing the number of patients that were provided with treatment. Furthermore, there were 

also put an effort into improving the quality of the treatment and improving coherence towards 

a standardized process. Due to the increasing political focus on cancer treatment subse-

quently resulted in a cancer plan for any type of cancer was operationalized in all of the five 

regions in 2007. 

• Cancer plan III: The third edition of a cancer plan was introduced in 2010. This version fo-

cused on the time before and after treatment. This involved improving the efficiency from the 

time of suspicion to a diagnosis while also improving the quality of after care and rehabilita-

tion. 

• Cancer plan IV: The fourth and most recent cancer plan was introduced in 2016 to improve 

preventative actions through an ambitious effort to increase capacity on the hospitals, effi-

cient use of resources, better targeted treatment along better use of data for research and 

quality improvement (KORA, 2012) 

 

Political attention 

In the current treatment of cancer, patients experience a high degree of difference in the efficiency, 

availability and quality of treatment depending on the region and geographical location of their treat-

ment. In addition, the treatment of cancer have attracted immense political focus which have devel-

oped into a political pressure in the form of several strategic objectives have been initiated to reduces 

the mortality rate of cancer.  As a result the government outlined a strategic goal of that in 2025 the 

survival rate has to be on par with the best of the Nordic countries, where Denmark currently lag 

behind. To achieve this the healthcare system need to identify the disease earlier, secure an equally 

high efficiency and quality of treatment across all regions (Sundheds- og ældre ministeriet, 2016). 
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Performance of the cancer plan 

By introducing the cancer plan, cancer treatment have successfully been improved over the last 16 

year period. The impact is not without significance and have received international acknowledge-

ment. However, recent reports and studies of future challenges related to healthcare and specifically 

cancer, emphasize the importance a continuing effort to improving the treatment. Many patients 

experience incoherent processes where the responsibility for treating the patient is not clearly out-

lined. Patients feel left in the dark related to the process and decisions regarding their treatment and 

disease. Moreover, there is geographically inequality in relation to the quality and efficiency of cancer 

treatment and rehabilitation. (Government, 2016; Kora, 2017). Below figures (Fig 3 & Fig 4) illustrates 

the respectively survival rate of men and women combined after one and five years in comparison 

with the Nordic countries of Sweden, Norway, Iceland and Finland, underlining the previously stated 

fact that Denmark has the worst relative survival rate for all types of cancer, both in a 1 year and a 

5 year perspective. 

 

The government and Sundhedsstyrelsen is mainly concerned with the comparison of the Danish 

performance to the Nordic countries due to the similar wealth fare and societal characteristics 

amongst them. From the above graphs we can evidently observe a general trend of improvement 

among all the Nordic countries which we must consider a positive trend. However, as noticeably 

Denmark is the worst performing nation in the quest of treating cancer which according to the 

Sundhedsstyrelsen and the government is not at all acceptable (Government, 2016). 

Before the first cancer plan was introduced in the period of 1996-2000 Denmark had a relatively 

survival rate from cancer on 66% in contrast to Sweden performing with a 77% survival rate, thereby 

a difference of 11%. However, in the period from 2010-2015 Denmark raised their survival rate to 

80,5% in contrast to Sweden with 85,5% in the same period with a difference on 5%, thus relatively 

to Sweden, Denmark were able increase the survival by 6%. For the 5-year relative survival rate, 

Denmark were able to improve its performance over the 15 year period by 15% and Sweden 

Figure 8 - 1 Year survival rate (Nordcan, 2017) Figure 7 - 5 Year survival rate (Nordcan, 2017) 
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improved by 9,5%, thus similarly to the 1-year period Denmark relatively to Sweden increased the 

survival rate by 5,5%. As observed in the above graph, Denmark is closing the gap to Sweden in 

both scenarios of the respectively survival rate for a 1-year and 5-year period, however remain the 

worst in performance of cancer treatment among the Nordic countries. 

 

Figure 9 - New cancer cases (SUM 2017) 

Furthermore, as seen in the above illustration in 2016 there were 41.720 new cancer incidents and 

statistical projection expect a 30% increase of incidents to  around 48.000 in 2031- 2035, where 97% 

of the increase is caused by the growing and on average aging population (Kræftens bekæmpelse, 

2015). Every third Danish citizen is expected to be diagnosed with cancer (Kræften Bekæmpelse, 

2018). Approximately 285.000 Danish citizens currently live with a cancer diagnosis and more than 

15.000 die from the disease every year (Cancer register, 2016). 84% of the diagnosed are treated 

within the time limit, but in contrast this also reflects 16% of patients are not treated within the time 

limit. Despite the continuously effort on improving the cancer plan and improvement of the mortality 

rate and relatively improvement to the other Nordic countries, there is room for improvement and 

need for continued efforts and investments to improve and optimize the treatment of cancer patients, 

towards the ultimate goal of saving more life’s (Government, 2016). As a result the government has 

allocated 2.2 billion kr. from 2017-2020 as a strategic initiative for fighting cancer. The focus is mainly 

to mitigate incoherent processes of treatment and ensure clearly defined responsibility. The govern-

ment therefore aim to improve the continuity in the cancer plan by clearly defining and anchoring the 

ownership of who has the responsibility of a patient in the cancer plan. The desired impact is will 

likely bring better coherence through the cancer plan, reduced flaws in the transitions between the 

stakeholders and improved quality of the treatment. The imperative change is to focus on the pa-

tients’ needs in order to maximize value for the patients (Sundheds- og ældre ministeriet, 2016). 
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2. Theoretical Framework   

In the following chapter we describe the theoretical framework of our research. Initially we set out to 

establish our research domain by conducting a descriptive literature review with the purpose outlin-

ing the benefits of blockchain. The findings of the descriptive literature review will be presented as a 

conceptual model and supply an answer to the first part of our research question of what the benefits 

of blockchain are. Hereafter we will outline our analytical framework that we have structured around 

the two theories for addressing the latter part of our research question. At first we will introduce the 

theory of value-based healthcare by Michael Porter, to contextualize what the notion of value entails 

in a healthcare context. Secondly we apply a process-oriented framework to assess and elaborate 

on what kind of business value can be derived from the effects of blockchain technology (Mooney et 

al. 1996). Combined the two theories and the initial declared blockchain benefits will facilitate the 

goal of exploring how blockchain can create value for healthcare. 

Below is a visual illustration of the theoretical framework applied to answer our research question.  

 

Figure 10 – Theoretical framework 



Copenhagen Business School Blockchain in Healthcare joju16ab@student.cbs.dk 
Cand.merc.IT A Case Study of Cancer Treatment         malo15ah@student.cbs.dk 
Master Thesis 15.05.2018                        sini15ai@student.cbs.dk 

Page | 22  

 
 

2.1 Research domain 

In our attempt to establish our research domain we want to delve into the previously established 

literature and conduct a literature review in an academic sound way, to factually present and outline 

the benefits of blockchain. Although this is an extensive approach, it ensures the validate of the 

subsequent findings, which is of paramount importance as these will set the scene for the further 

analysis throughout the thesis. We therefore elaborate on the structured process of a literature re-

view with the objective of synthesizing the prior knowledge about blockchain and thereby answer the 

following part of the research question: 

 

“What are the main benefits of blockchain?” 

 

To avoid any forms of misinterpretations, the term blockchain refers to the initial description in our 

clarification of concepts in section 1.2 in the introduction. The term “benefits” refers the positive ef-

fects that potentially can be achieved by applying this technology.  

 

Conceptual background: 

In order to assess if prior research illustrates any interpretable patterns when it comes to the benefits 

of blockchain technology, a quantitative systematic review of the literature regarding this phenome-

non was conducted. This translates into the theoretical goal of the literature review to be of a de-

scriptive nature, as this subsequently ensures the systematicity and transparency necessary to un-

cover the wanted insights (Paré & Kitsiou 2016). With the focus of the review already clearly set on 

a specific topic, the coverage of data sources to investigate is influenced by the embedded limitations 

in terms of time available to the overall projects. For that reason a representative coverage is deemed 

sufficient as it includes surveying material published in sample journals which are “representative of 

many other works in a field” (Cooper 1988, p. 111). Ultimately the extent of which the literature is 

being reviewed, will culminate in a conceptual model as a result of the quantitative analysis in forms 

of both frequency analysis and meta-analytic statistical analyses. Choosing the most fitting review 

type given the inherent objective at hand is dependent on a variety of factors, the choices described 

above are subsequently highlighted in appendix 4.  

 

Method for structuring the benefits of blockchain technology 

In order to conduct a descriptive literature review, a systematic approach towards selecting and 

analyzing literature on the emerging topic is essential. With the proposed research question as a 

point for departure, we developed a protocol for identifying relevant literature to be included in the 

subsequent analysis. The objective hereof is to establish an inclusive summary of appropriate liter-

ature in light of the research questions, while subsequently willingly exclude papers of high quality 
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on the topic which do not aid in the process of answering the research question at hand (Pare´ et al. 

2015). 

 

Paper selection for the literature review  

The initial step of identifying relevant literature is traditionally accomplished through both computa-

tional as well as manual queries, targeting prominent journals and conferences. This approach is 

highly effective in established research areas where the publication outlets have been formed 

through lengthy development within a field (Ngai & Wat, 2002). Contrary the emerging phenomenon 

of blockchain where these outlets have not been formed yet, thus restrict the search to a few scat-

tered publications channels and therefore limit the relevant results. To combat this issue our literature 

review will utilize online database queries as a primary literature collection method. Consequently to 

establish an inclusive summary of appropriate literature for an emerging phenomenon “it is appro-

priate and practical to focus on online databases rather than library collections” (Yang & Tate, 2012 

pp. 40). Thus taking the newness of the phenomenon into account, electronic query of relevant da-

tabases would yield better results. The selected article databases for this literature review consists 

of the following six different databases  

• ScienceDirect, SpringerLink, ACM digital library, Business Source Complete and PLOS one. 

• CBS Library. This database has been selected as it provides access to different 173 data-

bases, specifically selected with the intend providing the best possible academic basis of 

knowledge to support their venture in academia. (CBS, 2018) 

Figure 11 - Literature review overview 
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• Google Scholar. Selected as it can be considered powerful complementary tool to more gen-

eral databases, when it comes to emerging topics (Haddaway, 2015). 

 

By systematically searching these databases the objective is to identify a fundamental basis of liter-

ature that is representative of the current status of blockchain research. However, the quality of the 

outcome is determined by the input in terms of keywords and phrases. Searching through the data-

bases multiple times using synonyms and other phrases mitigates the common pitfall of imposing 

any wrongful condition to the results being related to a specific keyword, as there ”might be dozens 

of completely different words or expressions for designating the same phenomenon” (Rowe, 2014 

pp.247). The iterative nature of this process is key, as a try-and-error process is necessary in order 

to identify the key phrases which yield the best outcome. The initial two key search terms were 

blockchain and benefits, however through numerous reiterations a multitude of alternative key words 

were found, thus resulting in an optimized and increased level of relevance in terms of identified 

literature. A consequence of several database queries with multiple keywords was a large amount 

of identified articles. Furthermore as the objective of this project is increasingly becoming clear, so 

subsequently does types of studies that will be relevant in answering the research question (Rous-

seau, 2012). Therefor a practical screening was embedded in the database queries to negates all 

sources that did not fulfil the inclusion criteria, which meant only peer reviewed articles from reputa-

ble source published after 2008 would be considered.  

Hereafter a methodological screening was conducted. This step was significantly more comprehen-

sive and time-consuming, as it required manual exclusion of articles that were irrelevant to the scope 

and did not address the benefits of the technology as a central element of the discussion. This re-

quired scanning abstracts as well as occasionally reading full text when necessary. Applying both 

practical and methodological screening thereby ensured the relevancy, quality and validity of the 

included articles (Kitchenham et al, 2009). To furthermore ensure the validity of the literature review, 

snowballing was used as an efficient way to identify relevant articles as it significantly reduce the 

noise in database searches (Jalali & Wohlin, 2012). Jalali & Wohlin do subsequently recommend 

applying both forward and backwards snowballing to achieve the best results, which is why citations 

for relevant articles identified through the database queries will be investigated to identify literature 

citing already identified relevant literature. Ultimately this will result in a systematic search that en-

sure the accumulated literature review portrays a relatively complete consensus of the current phe-

nomenon (Webster & Watson, 2002). 
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Review structure 

When reviewing the literature Webster and Watson recommend compiling  a concept matrix while 

reading through the selected literature, as this ensures a concept centric opposed to an author cen-

tric review (Webster & Watson, 2002). However in this process it is paramount to take a step back 

and “develop a logical approach to grouping and presenting the key concepts you have uncovered” 

(Webster & Watson, 2002 pp. 17), as this enables a systematically reveal and subsequent exami-

nation of academic insights through a well-structured classifications scheme followed by a concept 

matrix.  

 

Classification Scheme 

Establishing a classification scheme allow us to conceptualize on the first level of abstraction. This 

is done by identifying the categories that are later used for analysis through a bottom-up ap-

proach(Glaser and Strauss, 1967), an approach utilized by Haibo & Tate and recommended for 

reviewing literature in a structure and rigorous way (Wolfswinkel et al, 2011). 

 

The initial step is open coding of all identified literature. Open coding can be applied with a varying 

degree of detail, and is in this case utilized on a paragraph level with the objective of breaking down 

and understanding the articles and thereby create categories that reflect the essence of the benefits 

of blockchain technology, which the specific article revolves upon. This process require an open 

reading of the 44 identified articles, in order to segment them into meaningful categories which ade-

quately captured the essence and described it in single and/or short sequence of words (Strauss & 

Corbin, 1997). It is key to note that establishing a classification scheme is an iterative process, where 

categories are constantly being compared, merged, revisited and renamed as insights are uncov-

ered. After an initial coding, we had portfolio of over 200 different codes, which through several 

iterations were narrowed down to 27. These codes were then added to the respective papers, and 

a snippet of the outcome hereof can be seen in the table below, whereas the full table of all 44 

articles and the 32 identified related open coding categories can be seen in appendix 1.  

 

Identification of concepts  

As the open coding categories began to become more and more set, they began to provide insights 

which subsequently caused patterns to emerge. To structure the iterative process of identifying 

emerging patterns, Strauss and Corbin suggest using axial coding, as it is "a set of procedures 

whereby data are put back together in new ways after open coding, by making connections between 

categories. This is done by utilizing a coding paradigm involving conditions, context, action/interac-

tional strategies and consequences" (Strauss & Corbin, 1990, pp. 96). By performing an axial coding, 

the intent is to identify the connection between the different open coding categories, which 
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subsequently will constitute the concepts for the concept matrix, as the categories will be classified 

into related concepts. the results hereof can be seen in appendix 5.The axial coding of the open 

coding culminated into six concepts, each of which now can be used to create a concept matrix, as 

it is a valuable tool to effective communicate major findings and insights of a literature review (Web-

ster & Watson, 2002). The concept matrix aims to categorize all articles based on their relation to 

the overall identified concepts, which portray the benefits of blockchain technology. However when 

exploring the concepts it quickly becomes evident that each encompasses a variety of different ele-

ments, therefore in order to enable a more isolated analysis, further dimension are added to the 

concept matrix in form of units of analysis. The objective is to ensure a “crisper review, as it is easier 

to detect when concept stray outside the scope of its domain“(Webster & Watson, 2002, p. 17). 

These concepts and units of analysis can be seen in the table just below. 

 
Figure 12 - Concepts and units of analysis 

 

Concept Matrix 

The concept matrix that will be used as conceptual support to examining the information found within 

the included articles. It functions as a study of blockchain, with the aim of displaying information 

about the relationship between articles and concepts, improving familiarity with the research object 

and establishing credibility of the review. The matrix is structured with all the involved articles verti-

cally and the identified concepts and units of analysis horizontally. At intersections where the article 

contained one of the concepts it has been marked with an X.  
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X 
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Figure 13 - full concept matrix 
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2.2 Results and analysis  

Through the review of 44 peer-reviewed articles, several interpretable patterns related to the funda-

mental benefits of the technology were identified. What became evident through the conceptual ma-

trix is that the benefits of blockchain can be divided into six main concepts, each with respective 

units of analysis. The six concepts with their respective units of analysis can be seen in table X, and 

their accordingly percentage.  

One key element to note is that the benefits of the blockchain technology are a direct result of the 

inherent design of the technology. This does subsequently result in somewhat intertwining catego-

ries when talking about the benefits, which occasionally can result in overlaps.  

 

Figure 14 - Concept percentages 

It was found that the disintermediating nature as well as the ability for automation entailed the po-

tential to increase the efficiency, while data authenticity and integrity increase the overall quality of 

data. The inherent anonymity increases the privacy of the participants, while the reliability of the 

technology made it secure. Moreover, the immutable and transparent nature enable a high level of 

auditability. One benefit that differentiated itself from the others was trust, as it was not a direct 

benefit derived from the design of the technology itself, but is an indirect result of the combination of 

the multitude of other benefits (Seebacher, S., & Schüritz, R. 2017; Niranjanamurthy et. al. 2018; 

Weber et. al. 2016).  
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2.3 Wheel of Blockchain benefits 

At this point the data has been processed multiple times through the iterative classification processes 

resulting in the concepts described above. To provide a better overview of the benefits and how they 

are interconnected, we introduce the blockchain concept wheel, in order visually showcase the ben-

efits and units of analysis (Figure. 17). As trust was a result of the combination of the other benefits, 

it is placed in the center of the wheel and the remaining five concepts located around it. In the outer 

circle each of the units of analysis is placed accordingly. The defined blockchain benefits allowed us 

to determine blockchain’s applicability of how the technology could be leveraged to create value for 

healthcare in a case handling context, while easily highlight the specific benefit in question to create 

an intuitive understanding. The following section will now in turn delve into the insight uncovered 

through the descriptive literature review, and describe the concepts and units of analysis presented 

in the wheel blockchain benefits in depth.  

  

Figure 15 - Wheel of blockchain benefits 



Copenhagen Business School Blockchain in Healthcare joju16ab@student.cbs.dk 
Cand.merc.IT A Case Study of Cancer Treatment         malo15ah@student.cbs.dk 
Master Thesis 15.05.2018                        sini15ai@student.cbs.dk 

Page | 30  

 
 

2.4 Concepts 

2.4.1 Trust 

The fundamental disruption caused by blockchain “is that it completely redefines how trust is per-

ceived in a digital environment” (Mattila 2016, p.21). The essential ability of blockchain technology 

is that it generates trust where there is none as it assign trust to the technology rather than the 

individual. Currently our society has overcome the challenge of trust by using intermediaries to facil-

itate the necessary trust in transactions of money, assets and generally anything of value where the 

transacting parties is unknown of each other. However, now blockchain challenge this societal habit 

by presenting an alternative solution. Trust is achieved due to several interconnected elements in 

blockchain technology, one being that blockchain rely on a distributed network of peer-to-peer par-

ticipants that validate the transactions rather than one central authority (Niranjanamurthy et al, 2018). 

Additionally, the technology is trustworthy because the underlying cryptography and mathematical 

rules make it extremely secure and difficult for a single individual to alter or manipulate (Fairfield, 

2014), and thereby establish reliability, immutability, high data integrity and authenticity (Lemieux, 

2016). The resulting high data quality then allows the transacting parties to trust the correctness of 

the stored transactional history (Notheisen, 2017). Now as Roman Beck explains “instead of trusting 

that a transaction will be conducted as agreed upon, now one can see the status of the transaction 

and knows what is going on” (Beck et al, 2016, p.2), and with no human interferences, blockchain 

represents a shift in trust from people to technology (Nofer et al, 2017). In essence the new digital 

trust conceived from blockchain manifests itself in a fully decentralized way without anyone having 

to trust any single member of the network. As the trust is facilitated by the technology; basically, the 

participants only need to trust that on average the involved in the network behave honestly, and as 

Mattila explain that “the majority of the entire network is not colluding against the others in a coordi-

nated manner” (Mattila 2016, p.21). Thus blockchain can be summarized as a trust-free system that 

“automatically create an immutable, consensually agreed, and publicly available record” 

(Hawlitschek, 2018, p.50) of historical transactions that is governed by the whole network. 

 

2.4.2 Audability 

When operating within a blockchain network, all involved parties are able to view the ownership of a 

given asset at any time and identify changes instantly as they occurred (Yermack, 2017). This pro-

vides an auditability on a transactional level, which is particularly beneficial “in businesses in which 

data source is needed in order to authenticate the assets” (Niranjanamurthy, M. et al., 2018). A 

straightforward example of such an asset would be money, in which blockchain could be used to 

conduct real-time accounting, and thereby decrease the role of auditing entities which ultimately 

mitigate financial distress and reduce the need for litigation (Yermack, 2017). Ultimately the nature 

of the technology provides each involved entity a complete and transparent overview of the historic 
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record of what, who and when elements of this record were altered or accessed (Zyskind et al., 

2015). Therefor the auditability of transactions is the missing piece, which together with the distrib-

uted consensus and the neutrality of the code, entail the potential to “significantly reduce or over-

come frictions and failures inherent in decision-making process of centralized organizations”(Atzori, 

2017 pp. 47) 

 

A feature that stems from the inherent auditability in blockchain is that each entity that interact with 

the given information, are accountable for their interactions. The digital trail the entity leaves after an 

interaction, makes it possible for the remaining network to easily identify what actions, by who and 

when they were performed (Kshetri, N. 2017). This does subsequent exert additional pressure on 

the participants of the network, as they oblige to be responsible and accountable for their actions 

(Kshetri, N. 2018).  

Given the immutable nature as well as the high integrity of the data on a blockchain, it provides an 

uniquely tamper-proof platform that is well suited for the control of ownership of any asset (Na-

chiappan et al. 2016). Such a solution could take form as a digital registry, which would contain e.g. 

certificates of authenticity, information about the condition, and ultimately the right of ownership 

(Tapscott, D., & Tapscott, A., 2016). Furthermore it enables the potential for what Atzori labels smart 

properties, where the digital ownership of both intangible and tangible assets are embedded in the 

blockchain itself, and it thereby can be traded and/or monitored on the network (Atzori, M. 2017). 

The interesting aspect is that it is not only limited to tangible goods, but also applies to intangible 

goods and intellectual property, where the “technology solves the intellectual property world’s equiv-

alent of the double-spend problem better than existing digital rights management systems.” (Tap-

scott, D., & Tapscott, A., 2016) 

 

Transparency 

Cut down to the bone, blockchain technology can be seen as a distributed database, which upholds 

a continuously increasing data record and is verified by the participating entities. As this ledger un-

interruptedly involves each and every transaction made, and hereafter consolidated in a block of 

transactions which is distributed and thus made visible to all members of the network. This provide 

each participant a historic overview of what has happened (Yli-Huumo et al., 2016). This means that 

the openness or transparency is a “design feature related to the ledger itself” (Avital et al., 2016 p. 

3). This embedded transparency can function as a step to establish authenticity of transactions 

(Mansfield-Devine, 2017), which subsequently is a major benefit to organization and businesses of 

any size. To exemplify this, one can delve into the financial systems, which currently can be consid-

ered as rather opaque on a transactional level (Avital et al., 2016). The lack of transparency does in 

commercial and financial transaction result in a negatively affect on business relations and 
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commercial delay, and “in order to provide transaction details against commercial construct, trust 

and transparency need to be maintained in the process for a stable relationship instead of negotia-

tion” (Niranjanamurthy, M. et al., 2018). To summarize, blockchain technology and transparency are 

intertwined, as it is unavoidable given the design of the technology and a necessity to “maintain the 

trust by every node in the blockchain conduct transaction verification preventing fraudulent actions 

which sustain the decentralized ledger in the network protocols “(Tan, A. et al. 2018). 

 

Immutability 

Even if true data is initially entered into a system there is always the risk of someone, intentionally 

or not, altering that data. This is addressed by; “using a timestamped list of blocks which record, 

share, and aggregate data about transactions that have ever occurred within the blockchain network. 

Cryptographic proofs make this data storage immutable (Weber et al, 2016, pp 330). The nature of 

blockchain cements the information and makes changing the data retrospectively impossible without 

leaving clear evidence of having done so. Industries such as auditing benefits majorly from the in-

corruptibility of data as the function of immutability combined with transparency allows for clear ex-

amination (Risius, 2017).  

In a public blockchain all actors are able to see all the transactions as the entire immutable history 

is stored on every node in the network. This means that anyone with the public key for wallet is able 

to see the transactions done for that address (Sharples & Domingue, 2016). A challenge with this 

immutability is the resulting inability for any actor to refute even legitimate mistakes as not even the 

original author is not able to alter the data, only view it (Sharples & Domingue, 2016). This creates 

a foundation for avoiding data tampering which is crucial when dealing with actors that do not trust 

each other. In order to archive tamper-proof data in a permissionless blockchain it; “requires a suffi-

ciently large network of untrusted peers (Zyskind et al, 2015, pp 182). The reason is that with a 

sufficiently large number of peers the potential of manipulating and altering the data become nearly 

impossible. This is assuming that the actors in the network treat their own private keys with an ap-

propriate level of security. Blockchain enables a flow of data very hard to censor as it is not centrally 

controlled by any government (Mattila, 2016), which is a attractive in areas of the world where the 

government is very draconian with the information flow.  

 

2.4.3 Data Quality 

It can be argued that data quality materializes as an overall benefit of integrity and authenticity. Ølnes 

defines this as such; “Information stored in a system corresponds to what is being represented in 

reality due to need for consensus voting when transacting and distributed nature. This result in higher 

data quality (Ølnes, 2017, pp 359). The need for consensus ensures that that there is never two 

versions of the data in the system thus ensuring that data to be true, assuming the correct data was 
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entered in the first place. A key dimension of data quality is grounded in the credibility and trustwor-

thiness of the given data (Kshetri, 2018). Formerly a trusted third party ensured the credibility and 

trustworthiness through objectivity, however this functionality is now transferred into the blockchain 

technology. 

 

Data integrity 

An important benefit of blockchain is the inherent data integrity that characterises the technology. 

The integrity materialises from a range of aspects that come together to form a basis for better in-

tegrity. A basis for data integrity is trust in a ledger which is traditionally installed in a reputable third 

party that is supposed to act impartial when making changes (Kshetri, 2018). Trusting third parties 

to remain honorable is never a guarantee especially in some conflict filled parts of the world. Block-

chain differs in the way that the integrity stems from the trust in the algorithm as opposed to a third 

party (Atzori, 2017). Some of these algorithms are supported by the consensus mechanism, which 

creates a near impossible barrier for modifying the ledger maliciously. This makes malicious acts 

infeasible or nearly impossible on a technical level and thus creates high integrity. “A timestamping 

service provides timestamps for digital documents, which securely keep track and pinpoint exactly 

when changes were made without any doubt of fake entries as the public ledger cannot be modified 

or deleted (Yli-Huumo, 2016).  Secure timestamping therefore adds even further to this as every 

transaction on a blockchain is marked for future reference. 

 

Data authenticity 

Ensuring data authenticity is an important benefit that blockchain helps to achieve. A set of technical 

features embedded in the technology secures the authenticity of records and can materialise in a 

document certification solution. Examples of authenticity emerge as the proof of ownership where 

the author of a document is ensured to be authentic and cannot be disputed (Nachiappan, 2016). 

Similarly proof of existence at a certain point in time is possible as the data is time stamped allowing 

for clear authenticity of a documents time of origin (Nachiappan, 2016). The rationale for ensuring 

data authenticity is principally to counteract fraudulent behavior by involved actors intending to alter 

the information. “We consider a piece of information fraudulent as long as it is not consistent with 

real information” (Cai, 2016, p. 2). Halting fraud in a system by fusing authenticity into a system 

allows not only saving resources directly related to malicious acts but also cuts the cost of the inter-

mediaries to keep information authentic (Cai, 2016).  
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2.4.4 Privacy 

Blockchain based systems are not performing well when it comes to the privacy of the intrinsic data, 

however it can be designed in a way to provide a high level of privacy protection (Tan et al. 2018). 

Utilizing cryptographic algorithms such as the common 256-bit Secure Hash Algorithm (SHA256), a 

cryptographic hash function, for generating user addresses, increases the privacy significantly, as 

each entity interacting with blockchain are now represented by a hash value opposed to their e.g. IP 

address (Tsung-Ting Kuo et al. 2017). This does subsequently enable a peer-to-peer interaction 

between two entities with a high level of privacy, as the identity of each participant is unknown to the 

other, and only identified by the pseudonymous hash value (Seebacher, S., & Schüritz, R. 2017). 

Subsequently the data can only be decrypted with the opposing private key, which means that “even 

if the network is infiltrated by a malicious party, there is no practical way to read data” (Tsung-Ting 

Kuo et al. 2017). This enables a high degree of privacy for its participants in the network, (Seebacher, 

S., & Schüritz, R. 2017), to a degree where blockchain potentially can outperform other alternatives 

when it comes to privacy protection. This does however require a rich development of the ecosystem 

around the blockchain itself (Kshetri, N., 2017). 

 

Anonymity 

Anonymity is a key trait of the blockchain environment, as this is what enables the overall privacy 

when involved in transaction (Yli-Huumo et al., 2016). The technology is utmost useful for sharing 

data and digital content in a controlled way, as the inherent mechanism guarantees the transactions 

while still provides anonymity for the involved parts (Avital et al., 2016). It is important to note that 

this anonymity is provided through the previously described hashing algorithms, thus “every trans-

action is open to anyone in the network and each party has a unique alphanumeric address for 

identification.” (Tan, A. et al. 2018). Thereby the ones involved in the network can see all transac-

tions, but without information linking the transaction to identities but to the alphanumeric addresses. 

Blockchain therefore provides pseudonymization, which protect the overall privacy of the participants 

by uncouple transaction from identities (Seebacher & Schüritz, 2017). 

 

2.4.5 Security 

The disintermediating capability of blockchain makes centralized entities that collect data obsolete, 

and thus significant reduces the risk of security breaches and subsequently increases the users 

security (Nofer et al., 2017). The increased user security partly stems from the embedded cryptog-

raphy, which on a technical level depend on two different functions, “public key cryptography for 

making digital signatures and hash functions for validation of signatures and transactions” (Ølnes et 

al. 2017, p. 218). This ensures that only the intended recipient can see the information, as it is oth-

erwise impossible to determine given just the output (Chen et al., 2018). This de- and encryption of 
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data, ensures it is kept private both while transmitted as well as stored (Kshetri, N., 2017, p. 1029). 

It is paramount the note, that the technology itself, does not per se entail a built-in security function, 

but needs to be specified depending on the type of blockchain solution. Permissionless blockchains 

requires increased security models in their consensus model while permissioned blockchain can 

utilize “traditional security mechanisms in order to prevent unwanted access and modification to the 

blockchain”. (Ølnes et al. 2017, p. 218). 

 

Reliability 

By operating as a distributed network, blockchain technology avoid having one single point of failure 

thus its data is constantly available (Beck et al., 2016). It shifts the focus from one centralized ledger 

to a distributed ledger between all participants. This distribution between participants means that a 

single node failure will not affect the overall operability of the entire network (Chen et al., 2018). 

While a distributed database management system can achieve the same functionality, it comes with 

a high level of data redundancy as opposed to blockchain, which makes the technology reliable and 

suitable for keeping a continuously available record (Tsung-Ting Kuo et al. 2017). Another aspect is 

that the distributed consensus protocol “ensures that only information is changed when all relevant 

parties agrees” (Ølnes et al., 2017, p. 359), which reduces the need for manual intervention and 

human mistakes, thereby making the data inside the network reliable (Seebacher & Schüritz, 2017). 

No single point of failure, continuous availability, and high data integrity ensure a high reliability of 

both the network itself and technologies that built on top of it (Chen et al., 2018). Furthermore, block-

chain is resilient to physical damage opposed to centralized solutions, as the functionality of the 

network persists even though particular nodes break down (Nofer et al., 2017), because the record 

is distributed across the participants (Sharples & Domingue, 2016). This does subsequently remove 

several challenges associated with the more conventional server setup, such a downtime due to 

“cyberattacks, software bugs, power, cooling or other problems” (Kshetri, 2017). The decentralized 

nature of the network furthermore makes it increasingly resilient towards spam, DDOS attacks and 

other malicious behavior (Ølnes et al., 2017), while the tamper-proof aspect of the data ensures “the 

system is much more resilient to hackers”. (Beck et al., 2016, p. 11). 

 

2.4.6 Efficiency 

One of the key benefits from blockchain is the ability to increase efficiency in many nuances of the 

organization. Several elements of blockchain technology support the achievement of overall in-

crease in efficiency, which constitute the ability to disintermediate the automation of execution and 

settlements which will individually be addressed later in this section. The hereof promised potential 

of blockchain-based solutions is to “make government operations more efficient and improve the 

delivery of services in the public and private sectors” (Wolfond 2017, p.35). Key technical features 
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that enable the increased efficiency is the decentralized nature of blockchain with no central point of 

failure and the versatile functionality of smart contracts (Crosby, M. et al. 2016). Combining these 

two elements enable robust, flexible, low maintenance and cost-effective solutions (Glaser 2015). 

Moreover, blockchain remove the “constant need for actively intermediated data synchronization and 

concurrency control” (Mattila 2016, p.5) which in combination with parallel execution of the simulta-

neous transactions offer an alternative solution that can significantly increase speed of operations, 

processes, transactions and communication (Crosby, M. et al. 2016; Kshetri 2018). Additionally, to 

increase speed the technical solution can replace the use of physical papers as “Digitally signed 

documents’ secure storage and transmission can validate the identities of individuals and assets” 

(Kshetri 2018, p.85), thereby cause a minimized need for the involvement of intermediaries, physical 

interactions and communication (Niranjanamurthy et al. 2018). 

 

Disintermediation 

Potentially the most declared characteristic of blockchain is its decentralized nature which render 

the need for third party intermediaries in transactions obsolete, and thus enables “a database to be 

directly shared without a central administrator” (Niranjanamurthy et al. 2018, p.10). The importance 

of this ability is because currently most database solutions are centralized with a “central authority 

who exercises concurrency control over the entire database” (Mattila 2016, p.7). This setup in our 

modern digital environment requires someone to act as a trusted central authority in between trans-

actions to facilitate the necessary trust both involved parties require to transact (Mattila 2016). 

Thereby it is the recognized trust in the authority that determines the level of trust in the transaction. 

However, the issue arises as “The trust of that database is only as good as the trust of its custodians 

(Mansfield-Devine, S. 2017, p.15). This implies the transacting parties have to trust the authority of 

that database is actually maintaining the system with high integrity, however this can be deemed 

distrustful as within many organization anyone who somehow got access can easily corrupt or ma-

nipulate the data. To overcome this challenge, a high amount of control, resources and carefully 

designed processes is therefore needed to secure these database systems. The consequence 

thereof is unavoidable cost as time and money for the central authorities (Niranjanamurthy et al. 

2018), who then introduces fees to the transacting parties “by lending their trustworthiness to the 

cause” (Mattila 2016, p.21).  

 

In contrast blockchain disintermediate the process which implies no single entity can control, alter or 

manipulate the data record and in so doing move trust from the authority to the protocol. Thereby 

blockchain allow individuals to directly exchange assets with no intermediaries (Fairfield J. 2014). 

Consequently blockchain “allow mutually distrustful parties to transact safely without trusted third 

parties” (Kosba, A. 2016, p.1), and eliminating the role of intermediaries as custodians will result in 
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lower transactions cost as the high cost currently forced from the intermediaries can be avoided 

(Kshetri, N. 2018). Thereby blockchain promises to render intermediaries obsolete where trusting 

counterparties is not necessary and thus provide a cost and time effective solution in a decentralized 

way, without the caveats of a centralized solution (Mattila 2016). However, a lighter version of this is 

often favored by researches where intermediaries is not completely removed from the equation due 

to their deep integration in society, but as a disruption of their current function (Mattila 2016). Hence, 

blockchain introduce a new way of organizing and managing databases in “a leaderless democracy 

of devices, incentivized to work together for one shared consensus view” (Mattila 2016, pp. 8). 

 

Automation 

A central feature for how blockchain enable efficiency is its ability to support automated execution 

through smart contracts. The benefit is grounded in its ability to enforce rules and logic that, depend-

ent on the data input, can be automatically triggered and executed if the defined parameters are 

fulfilled (Notheisen B. et al. 2017). From a business perspective this is very attractive as a technology 

that could be used for business process optimization in the pursuit of organizational efficiency (Tan 

A et al, 2018). The challenge is to program the smart contracts intelligently with logic to optimally 

utilize the information among the various actors involved (Tan A et al, 2018), however the impact of 

accomplishing such task provide an attractive advantage for organizations to run more efficiently 

with automated processes in place (Kshetri, N. 2018). Furthermore, a result of the automated exe-

cution of processes is reduced cost related to maintenance and administration of databases and 

registries as it requires a minimized need for bureaucratic and organizational efforts (Notheisen B. 

et al. 2017). Thus the technology provides high levels of resilience and security and thereby “reduces 

the costs of measure to prevent attacks” (Ølnes et al. 2017, p.359). Additionally, it enable simplified 

back-office processes (Tan et al. 2018) since the use of smart contracts can automate commercial 

actions, and thereby processes is likely to be streamlined to save time and cost (Niranjanamurthy et 

al. 2018), in contrast to the otherwise needed operations to safeguard and secure a centralized 

solution. Cost associated with regulatory compliance can be reduced since “auditable data can be 

provided to satisfy regulators” (Kshetri 2018, p.85). An emphasized discipline that is expected to 

benefit from the cost-effective nature of blockchain is supply-chain management, where blockchain 

can make it easier to automate supply-chain processes (Kshetri 2018). The usage of blockchain in 

supply-chain management is often in combination with IoT, connecting machine-to-machine interac-

tions through the secured and trusted technology of blockchain (Kshetri 2018), which then can have 

significant cost-saving implications for the supply chain. Another positive effect of automation 

through blockchain is the ability for organizations to avoid human malicious behavior, as this can be 

“ruled out by the system since they are carried out automatically according to the defined protocol” 

(Beck et al. 2016, p.10). 
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The literature emphasize a particular beneficial area that focus on automation with the ability through 

cryptography to “remove many complex layers for settlements and clearing processes by third-party 

intermediaries” (Tiernan, 2015, p.41), and thereby enable automated settlement of contracts in a 

simplified process to increase speed of transactions while reducing risk and cost substantially for the 

organization (Chen et al. 2018, p.5). The potential hereof is to disrupt many industries by “executing 

contracts in a cost-effective, transparent and secure manner” (Nofer et al. p.185). Moreover, as 

blockchain keeps and immutable record of the automated transactions, it creates an audit trail that 

can be utilized for reducing friction and conflicts since “conflict resolution can be enforced automati-

cally” (Weber et al. 2016, p.330). As so, the capability to automate settlements reduces the risk in 

settlements (Tiernan, 2015, p.41), as you through the ledger can have a faster and more efficient 

reconciliation process because you can backlog the contractual agreements in the programmed 

smart contracts (Chen et al. 2018). It is the functionality of smart contracts that enable the transfer 

of digital assets upon triggering conditions coded into the protocol, and thereby representing “a new 

and interesting form of organizing contractual activity” (Fairfield 2014, p.38). In the event of contrac-

tual breaches, “the decentralized blockchain ensures that honest parties obtain commensurate com-

pensation” (Kosba, A. 2016, p.1). Furthermore, the benefit of automated settlements can become 

useful in the context of consumer protection, in the way of smart contracts that enforce automated 

software agents to “protect consumers’ identity from theft and automatically enforce their contractual 

preferences” (Fairfield 2014, p.39). In doing so consumers can express their preferences to auto-

mated agents and following except their preferences to be enforced (Fairfield 2014). 

 

2.5 Analytical framework 

Following the establish research domain, we will now outline our analytical framework that comprise 

two theories to support and structure our analysis with the purpose of answering the latter part of 

our research question. We will initially describe the theory of value-based healthcare by Michael 

Porter, to elaborate the definition of what value is in the context of healthcare, and following the 

argued principles for enabling the outlined value-based healthcare model. Hereafter we explain the 

process-oriented framework to assess business value from IT, as in what kind of business value can 

be derived from the implications of IT (Mooney et al. 1996).  

 

2.5.1 Value-based healthcare 

Value-based healthcare was introduced by Michael Porter and Elizabeth Teisberg in 2006, as a 

fundamentally new strategy for delivering healthcare. The reason for the proposed strategy was 

ultimately due to unsatisfying quality and rising costs of healthcare that no incremental solutions or 

ideas could solve. The aim with value-based healthcare was to rethink healthcare systems with the 
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ambition of improving value for patients (Porter, 2013). The idea of a value-based healthcare is an 

attempt on a global scale to agree on the overall goal of healthcare systems on what value to deliver. 

According to Porter, healthcare value is defined as: “Patient health outcomes per dollar spent” (Por-

ter, 2013). A simple formula as an expression of value is shown beneath 

 

.  

Figure 16 - Value calculation 

At its core value-based healthcare aim at “maximizing value for patients: that is, achieving the best 

outcomes at the lowest cost” (Porter, 2013, p.3). It is a general move from the previous healthcare 

system being supply-chain driven around what doctors do and towards a patient-centered system 

organized after the patient needs. It is a grand ambition that needs a collaborative effort from all 

stakeholders, as every stakeholder in the healthcare system has a role to play. Both healthcare 

professionals, hospitals, municipalities and patients can accelerate the change, and all will benefit 

significantly from doing so. As in any other organization, the initial step to solve any problem is to 

define the goal. According to Porter the overall goal for all stakeholders in the healthcare system is 

to improve value for patients. More specifically, healthcare value is being defined as “health out-

comes that matter to patients relative to the cost of achieving the outcomes” (Porter, 2013, p.4). 

Value can in that sense be influenced by improving the health outcomes without raising costs or 

reducing costs without lowering the health outcomes. A steady state without successfully improving 

value is also perceived as failure. (Porter, 2013). 

  

The idea of value-based healthcare is to measure the value and cost over the whole care process 

or a specific illness. The strategic agenda for creating a value-based healthcare consists of six inter-

related components:  

1. Organize into Integrated Practice Units (IPUs)  

2. Measure outcomes and costs for every patient  

3. Move to bundled payments for care cycles  

4. Integrate care delivery systems  

5. Expand geographic reach  

6. Build an enabling information technology platform  

The initial five components of the value agenda are strongly affected and enabled by the sixth com-

ponent. Traditionally healthcare IT systems have been siloed as either department, location, type of 

service. One of the greater issues that relates to siloed IT is its negative effect on collaboration and 
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efficiency and thereby “make cost and outcomes measurement virtually impossible, greatly impeding 

value improvement efforts.” (Porter, 2013, p.13). IT systems often complicate rather than support 

multidisciplinary and integrated teams. The reason is that IT is only a tool and automating a non-

value adding broken processes only gets you more efficient non-value adding broken processes, but 

“the right kind of IT system can help… tie the parts of a well-structured delivery system together.” 

(Porter, 2013, p.18). Porter argue information technology is powerful for enabling value-based 

healthcare and will be our theoretical use and focus for how to drive value to patients. 

Stakeholders have different roles in building an enabling information technology platform. From a 

healthcare leadership perspective this implies “a long-term investment in an IT platform that supports 

high-value, patient-centric care.” (Porter, 2013, p.15). From a patient perspective this implies to “Ex-

pect providers to have a single repository of your patient information and to offer you fill access to 

your electronic medical record” (Porter, 2013, p.15). Porter introduce six essential elements for a 

value-enhancing IT platform that is desired to enable value creation by its own, but furthermore also 

to enhance value creation in the five other interrelated components of value-based healthcare (Por-

ter, 2013). The six essential elements will help actors in the healthcare system leverage information 

technology to achieve two key purposes: restructuring care delivery and measuring results. The six 

elements of the IT platform will now be explained. 

1. Centered on patients. The core idea of value-based healthcare is to follow the patient or 

possible also a medical condition, for the full cycle of care including referring actors. For the 

IT platform to support this need data needs to be aggregated around the patient and not the 

individual departments, units or locations. This will allow a continuous and complete overview 

of the data on the patient and thereby enable a basis for better decision making.  

2. Use common data definitions. A complete overview of the data of a patient is only effective 

if a common language is used, otherwise time will be spent on interpreting the various data. 

Therefore, the second essential element in the IT platform is common data definitions as 

standardized terminology of the data and data fields. The impact hereof will result in the ability 

for everyone to speak the same language and thereby effectively can understand and ex-

change data, but moreover it’s also important for data querying across the whole system for 

analysis or outcomes measurement.  

3. Encompasses all types of patient data. A third essential element is the ability of the IT 

system to include multiple types of data. Data can be presented in multiple ways and can 

include notes, images, lab test or other data types which all are very relevant for the best 

possible treatment of the patient. Thus, the IT platform needs to be able to encompass all 

the different types of data. 
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4. The medical record is accessible to all parties involved in care. To realize the benefit of 

focused data on the patient, common data language and encompassing all types of patient 

data, the data needs to be accessible to all actors involved in the care. Therefore, it is es-

sential to enable access to all the parties involved, including the patients. While doing so it’s 

important to adopt interoperability standards to enable communication among the actors 

while also eliminating expensive middleware. 

5. The system includes templates and expert systems for each medical condition. The IT 

platform should furthermore also support and include templates to improve usability and high-

light the information most relevant to management of a specific condition. By doing so will 

make it easier and more efficient to enter and find data, execute actions/procedures, make 

standard orders and measure outcome and cost.  

6. The system architecture makes it easy to extract information. The last essential element 

for a value-enhancing IT platform is the capability to extract, analyze and measure on data. 

A sub consequence hereof Is patient’s ability to report on outcomes on their care during their 

care to enable better decision making while in treatment. 

 

The result of a common IT platform that encompasses all the six essential elements enables effective 

collaboration and coordination while also making the extraction, comparison, and reporting of out-

comes and cost data easier (Porter, 2013).  

State-of-the-art information technology cannot fix a broken health care system. If we treat technology 

as a tool, not a solution, we can stay focused on the primary goal of health care reform: value for 

patients. A better IT platform can enable a move toward a value-based healthcare system that im-

proves patient outcomes. The current view is that technology often escalates costs. But in a value-

based competitive environment where costs and outcomes are accurately measured, technology will 

be strategically employed when it’s most efficient and effective.The rationale for applying the theory 

of value-based healthcare in our thesis is to create a theoretical foundation for how to improve the 

value of the system through IT. In our research question we initially aim to identify blockchain benefits 

and then explain how these create value for the cancer packages. We will only focus on the element 

of “Building an enabling information technology platform” as it allow us to analyse and discuss how 

blockchain technology could create value due to the six essential elements for a value-enhancing IT 

platform. The theory creates a foundation for us to specify exactly what is meant by ‘value’ in the 

context of healthcare, while providing theoretical best practices regarding the use of information 

technology for value-based healthcare. In relation to our findings in the single case study of the 

cancer packages, we will use this to raise our findings to a higher abstraction level of the value 

created by blockchain for case handling on a more general level.  
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Critique of the theory 

The theory of value-based healthcare is based upon the US healthcare system. Thereby some of 

the aspects might not be direct related and true in other settings. With our focus on the Danish 

healthcare system which is radical different it could be deemed difficult to apply successfully. How-

ever, the core characteristics of a the value-based system is much aligned with the structure in the 

Danish healthcare system, hence the validity and applicability of the theory is well suited to describe 

and analyze how and when value is created in the Danish healthcare context.  

 

2.5.2 Framework for Assessing the Business Value of Information Technology 

The framework for assessing business value of IT by Mooney, Gurbaxani and Kraemer provides a 

process oriented study of IT business value, and useful to understand the relation between the or-

ganization's performance and information technology (Mooney, 1996). This is done by associating 

the business value to either the operational or management process, while furthermore defining the 

correlated dimensions of IT business value. The model also considers three dimensions of automa-

tional, informational and transformational business value. This will be explained further later in this 

section.  

 

Figure 17 - Dimensions of business value (Mooney, 1996) 

The framework builds upon Davenports definition of a process, which states that a process encom-

pases the "specific ordering of work activities across time and place, with a beginning, an end, and 

clearly identified inputs and outputs: a structure for action" (Davenport, 1993, p. 5). From this under-

standing of a process, the framework postulates the importance of distinguishing between opera-

tional and management processes, even though the two types inevitable are intertwined, the distinc-

tion of these two is a key element to specify the impact IT has as business value (Mooney, 1996).  

 

Management processes does not only consists of activities performed by the management, but re-

lates to all forms of activities which are associated with the administration, allocation, and control of 

resources within organizations. IT in the terms of management processes improves the process by 

enhancing the communication and availability of information, as well as supports end-to-end linking 

of value chains and interorganizational process. On the other hand does the operational processes 
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constitute all activities dealing with the execution of tasks which are represented in the value chain 

of a given organization, Mooney describes operational processes as the “doing of business”. The 

operational processes entail the potential to improve their efficiency through IT enabled automation, 

reliably linking processes and enhancing the effectiveness (Mooney, 1996).  

 

When evaluating the business value of IT, it is key to identify the specific core business process, as 

well as characterize the specific linkages and contributions of IT for the process. The linkages or 

contributions IT can have, can take form in three independent but not mutually exclusive way, which 

ultimately tend to complement each other rather well. Before delving into these three effects, it is 

however important to note, that they can take form as first-order business value impact, meaning it 

directly affects the process or in second-order business value impact which indicate indirect value is 

created (Mooney, 1996). 

The framework is built of three individual but complementary effects as value creation that IT can 

have on business processes, referred to as dimensions of IT business, and the two previously de-

scribed business process that include operational and management processes.  

 

Automational effects  

The first value creating dimension is automation which refer to how IT can increase efficiency in 

processes when levitating cumbersome human tasks. Automational effects create business value 

through its positive impact on productivity improvements, labor savings and its ability to reduce costs. 

First-order automational effects are mainly associated with operational process. (Mooney, 1996).  

 

Informational effects 

The second value creating dimension is informational effects that mainly emerges from ITs ability to 

collect, store, process, and distribute information. The informational effects results in added value in 

business processes as it allows for “improved decision making, employee empowerment, decreased 

use of resources, enhanced organizational effectiveness, and better quality” (Mooney, 1996, p.74). 

The informational effects are primarily a result from IT's impact on management processes as the 

increased information processing and availability have a overall positive influence on decision mak-

ing, coordination, communication, and control. 

 

Transformational effects 

The third value creating dimension is transformational effects were Mooney argue added value de-

rive from ITs ability to facilitate and support process innovation and transformation. Hence the trans-

formational effects is a result of reengineered processes and redesigned organizational structures 
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where the business value arise in the form of enhanced responsiveness, reduced cycle times, down-

sizing and service and product improvements. In contrast to automational and informational effects 

with a predominant effect on either operational or management processes, transformational effects 

most often result in fusion or merging of management and operational processes. As a result, most 

often higher orders of business value can be harvested due to the process and structural transfor-

mations. (Mooney, 1996).  

 

 
Figure 18 - Process realm (Mooney, 1996) 

Ultimately the goal is to accomplish higher orders of value which can be realized as a result of ex-

tending automational effects of IT to management processes, and the extension of informational 

effects to operational processes (Mooney, 1996), and important to notice as Mooney explain, auto-

mational, informational, and transformational effects for creating IT business value on these pro-

cesses are often inseparable. The direct business value impacts of each of these effects are further-

more associated primarily with either operational processes or management processes. This ena-

bles more concrete measures of business value for a chosen organization in accordance with the 

specific technology deployed.  

 

2.5.3 Summarizing the theoretical framework 

In this chapter we have introduced the theoretical framework undertaken by this thesis. The research 

domain and chosen theories have been elaborated, and we will now explain their interconnection of 

how they support each other to provide a good answer for our research question. It is important to 

consider how each of the elements in the theoretical framework provide a unique perspective on the 

different areas of our thesis. Additionally the split between research domain and analytical framework 

is essential, as the research domain provide us with substantial knowledge about the domain that 

we seek to explore. Where the analytical framework in contrast will be used to provide a specific lens 

in which we analyze the context of our case. Initially we established our research domain by con-

ducting a descriptive literature review that builds foundational knowledge about the benefits of a 

blockchain. The result hereof were five interconnected concepts that constitutes the benefits of 
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blockchain, as a direct answer to the first part of our research question. These findings were pre-

sented and illustrated in a conceptual model, which allows us to engage the prospects of blockchain 

in an informed manner.  

 

We then introduced our selected theories to explain and analyze the notion of value from IT in a 

healthcare context. The two combined theories are value-based healthcare and a framework for IT 

value. These two theories will be used to enhance our understanding of what value means in a 

healthcare context, and how we can assess the business value from the implications of IT, which in 

our context are the five benefits of blockchain technology. The objective of our analysis is first of all 

to pinpoint challenges with the cancer treatment, and then investigate how blockchain technology 

potentially can improve the performance hereof. Porter underlines the fact that value is measured 

based on the patient's medical condition over the full cycle of care. Therefor an improved situation 

would be if the change increase the value of the individual treatment process (V). An increase in 

value can thus, according to Porter be achieved by either enhancing the full set of health results for 

a patient throughout the cancer treatment process (H), or reducing the total costs of care for a pa-

tients cancer treatment(C). This definition of value is beneficial as it takes the worldview of different 

actors into account e.g. the patient and the government, as their views on what an improvement 

would be could be conflicting. The patient values the full set of health result while the total cost is of 

no concern, therefore an improved situation isolated from the patient’s point of view, could be con-

sidered as 𝑉 = 𝐻 ↑. On the other hand the government can, if pushed, be considered as more cyni-

cal, as it looks directly at the net spent on healthcare, in which the cost of each cancer treatment is 

included, therefore an improved situation isolated from the government's point of view, could be 

considered as 𝑉 = 𝐶 ↓. The inclusion of both the health outcome and total cost in Porter’s definition, 

and the depiction of value as a function of these two therefore encompasses the interpretative nature 

of our research. Moreover does the complementary value framework elaborate on what kind of busi-

ness value can be achieved from applying blockchain technology. The theory allows us to address 

the rather complex relation between blockchain technology and case handling from a business per-

spective on a process level, and thereby explain the value from IT in a layman terms of business 

language. The theory introduce the automational, informational and transformational dimensions of 

value, which will be used to examine how the benefits of blockchain technology can be utilized to 

provide business value and have an value creating effect on the cancer treatment. Ultimately both 

theories introduce slightly different perspectives on the concept of value, which we make use of to 

ensure methodological stability of our approach to answer the research question.  
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3. Methodology 

In this chapter we will outline and provide arguments for our methodological choices. At first, we 

introduce the chosen research strategy followed by the considerations of our philosophical under-

pinnings in the research. Hereafter we will elaboration on the chosen research design for the thesis, 

while the final element in this chapter will explain our choices regarding the methods and techniques 

for collecting and analyzing data. 

 

3.1 Research Strategy  

Deciding on the correct research strategy and planning it out can be crucial for the execution of the 

project. From a general point of view "a strategy is a plan of action to achieve a goal” (Saunders, 

2000 pp. 177). Our research strategy can therefore be thought of as a blueprint for our research, 

establishing the methodological link between methods to collect and analyze data, therefore include 

“what questions to study, what data are relevant, what data to collect, and how to analyze the results” 

(Yin, 2003: 20). Our research strategy is more than a simple plan of work as the main purpose is to 

guide our research and evidence in addressing and answering our research question. This chapter 

will initially introduce and describe the chosen research strategy, followed by the research design 

where we will present the arguments for conducting a case study of cancer treatment in Denmark. 

Finally, we will explain our choice of techniques used for data collection and data analysis.  

 

3.1.1 Explorative research 

Blockchain is a new phenomenon both in business and academia, and as a result only limited 

amount of research have been conducted. As noted earlier in the introduction of our initial interest 

and motivation for conducting this research, a significant amount of the available literature has mainly 

emphasized the technical element of blockchain in the attempt to explain and describe the technol-

ogy. Additionally, the available literature has primarily focused on the banking industry and the dis-

cipline of supply-chain management. In contrast, only a small percentage of the available literature 

have researched blockchain in the context of healthcare. Related to our research objective, of un-

derstanding the benefits of blockchain in the context healthcare and how blockchain can be utilized 

in the Danish healthcare system, we found it appropriate to apply the explorative approach as it is 

useful to “clarify your understanding of a problem, such as if you are unsure of the precise nature” 

(Saunders, 2012 p.171). Exploratory research is useful in situations where, only little information is 

available and to examine a problem without necessarily understanding its cause. The goal of explor-

atory research is to create a preliminary understanding of a phenomenon or a problem, and to create 

a foundation for future research (Saunders, 2009). The research strategy is described in more detail 

in the following sections. 
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3.1.2 Logic of inquiry 

Following the explorative nature of our research, researches will likely undertake either of two ap-

proaches to theory generation, namely deductive or inductive. The aim of deductive research is to 

affirm or falsify existing theories (Saunders, 2012). The inductive approach in contrast, seek to collect 

data to better understand the nature of a phenomenon and explore the data to see which themes or 

problems arise to follow up and focus on (Saunders, 2012). We did not find the deductive approach 

applicable  for our research as the goal of our research was not clearly defined at the beginning due 

to the absence of blockchain theories and conceptual frameworks. This guided us to adhere to an 

inductive approach with the aim to shed light and derive general insight about the role of blockchain 

in the Danish healthcare system. Our task as researchers is then to make sense of our data, and 

from the analysis formulate the findings as suggestive contributions to theory (Saunders et al, 2012). 

Using inductive reasoning aligned with the exploratory approach allow us to mature our knowledge 

and understandings in the process, by exploring themes that appear from the data which we gather 

on an ongoing basis until saturation. Furthermore, the inductive approach in combination with qual-

itative research is particularly well suited to develop a richer theoretical perspective than already 

exists in the literature (Saunders, 2012). Our particular choice for applying an inductive approach for 

reasoning is because working inductively to generate new data, analyzing and reflecting on what 

theoretical categories and dimensions the data are suggesting, is a favorable approach when dealing 

with “[…] a topic that is new, is exciting much debate and on which there is little existing literature” 

(Saunders, 2012 p.148), which is the case of blockchain as our research domain. Our research will 

be predominantly inductive in pursuit of reasoning when collecting new empirical data.  

Despite the choice of an inductive approach it is often difficult to avoid some level of deduction (Bry-

man & Bell, 2011). This is also the case for our research which will involve some deductive elements 

in the form of an iterative approach “weaving back and forth between data and theory.” (Bryman & 

Bell, 2011 p.13). Our analytical framework is based on established theories which will serve as input 

on how to interpret the implications of our theoretical aspect concerning the benefits of blockchain. 

Making sense in the research through an explorative approach with an inductive reasoning, is not 

without challenges. Particularly the challenge lies in the exploration and pursuit for relevant evidence 

and insights in the gathered data, where the relevant data is not at first obvious to the researchers 

(Yin, 2014). The issue hereof is particularly challenging in the initial phase of exploration, where Yin 

elaborate on the difficulty to figure out where, how and what to look for (Yin, 2014). Additionally, it is 

a challenge to determine when something has condensed into substance, and thereby “Theoretical 

sampling continues until theoretical saturation is reached” (Saunders, 2012 p.186) which will be 

elaborated later in this chapter. For our thesis, this implies that it can be difficult to determine when 

we have saturated our interviews, and that further collection of empirical data not will lead to new 
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insights. Due to the protracted nature of inductive reasoning and the time it requires, it can turn out 

to be a heavy process and to some extent considered a risk for the researchers (Saunders, 2012 

p.148).  

 

3.1.3 Qualitative study 

Following our elaboration of our explorative nature with an inductive logic of inquiry, we furthermore 

need to address the distinction between the two approaches of quantitative and qualitative research. 

Quantitative research emphasizes the use of numbers and generation of numerical data for quanti-

fication and broader generalizations with less focus on the specific context (Saunders, 2012). Quan-

titative research involves data collection techniques such as questionnaires and surveys most often 

used for statistical analysis. Contrary, qualitative research is used for in-depth analysis of situations 

with data collection techniques such as interviews and observations. The aim hereof is to gather rich 

detailed information to analyze a more particular situation in context (Saunders, 2012). Quantitative 

or qualitative can often be used in combination as neither is superior to the other (Bryman & Bell, 

2011), which is why our choice stems entirely from the objective of the research. 

We will make use of a qualitative research, as it allows us to “make sense of the subjective and 

socially constructed meanings expressed about the phenomenon” (Saunders, 2012 p. 163). Since 

qualitative research is intended to step beyond the world to understand, describe and explain com-

plex situations (Flick, 2007), we find it particularly useful for our research objective. The qualitative 

approach is furthermore well suited and aligned with our inductive approach, as it allows us to “make 

sense of the subjective and socially constructed meanings expressed about the phenomenon” 

(Saunders, 2012 p. 163). Qualitative research enables us as researchers to thoroughly understand 

complex situations through the different perspectives of people involved (Saunders, 2012). One of 

the fundamental strengths of qualitative research is the ability to shed light on complex situations 

through the different perspectives of the involved people, which is necessary for our research objec-

tive. 

 

3.2 Research philosophy 

A fundamental element in any research is the research philosophy chosen by the researchers. Re-

search philosophy concerns how researchers view the world and form the base upon which the 

research strategy is developed (Saunders, 2012). In the following section we will outline our onto-

logical and epistemological considerations that led us to adopt the research philosophy of interpre-

tivism. All choices and assumptions regarding research is considered to be within particular scientific 

paradigms of different philosophical perspectives (Fuglsang, 2012). These choices involve every-

thing from what empirical data to collect, to when knowledge can be defined as scientific knowledge. 
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Therefore, it is essential to understand the philosophical underlying perspectives for these choices 

and their implications on the research. The structural approach and terminology by Michael Crotty 

in “The Foundation of Social Research: Meaning and perspective in the research” will be used to 

frame our description of our research philosophy. It is important to consider the research philosophy 

as multiple scientific paradigms exist, which represents different understandings of the world. The 

different paradigms have under specific conditions better or worse explanatory power (Fuglsang, 

2012), which emphasize the importance of ‘choosing’ in which paradigm the research is conducted. 

This is important as an attempt to clarify to the reader in which scientific paradigm the research is 

conducted and to provide understanding of the “philosophical grounding for deciding what kinds of 

knowledge are possible and how we can ensure that they are both adequate and legitimate” (Crotty, 

1998 p.17). Thereby informing the reader of what we view and constitute as acceptable knowledge 

to better understand how the research is done and how the findings are presented (Saunders, 2012). 

Two central and often intertwined elements in this context is the notion of ontology and epistemology. 

The two concepts are both important and, despite often perceived as intersecting elements, have a 

clear distinction: ontology is about what is and epistemology is about how we know what we know 

(Crotty, 1998). Additionally, what is defined as the theoretical perspective of the research must be 

addressed as the notion of how we as researchers are “looking at the world and making sense of it” 

(Crotty, 1998). The theoretical perspective in this way involves knowledge and thereby rely on the 

particular understanding of what is entailed in knowing as addressed in the ontology and epistemo-

logical stance. Hence there is a clear and natural flow from the ontology and epistemological stance 

into the theoretical perspective of our research philosophy that researchers must adhere to, to en-

sure the research can be perceived as legitimate and adequate (Fuglsang, 2012). 

 

3.2.1 Philosophical underpinnings 

Ontology as the study of being, address the nature of reality by questioning “the assumptions re-

searchers have about the way the world operates and the commitment to particular views” (Saunders 

et al., 2012 p.130). The ontological justification of our research is that of idealism. Idealism asserts 

that reality is mentally constructed. It withholds a skeptic view about the likelihood of knowing any-

thing independent of the mind. The ontological position of idealism argue that only the mind and its 

contents exist (Crotty, 1998), hence idealism declares the world to be a creation of the mind, and 

thereby does not concern the objective existence of things but only our interpretations of them. Con-

sciousness from the mind is therefore necessary to create and determine material existence and 

meaning (Crotty, 1998). Objects are however still considered real in the physical material form, but 

we and the mind construct their meaning. Our reasoning for adopting the ontological position of 

idealism, is first of all due to the fact that cancer treatment involves various actors with different roles 
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during the process, who are likely to make sense of the process in their own way. Additionally, our 

research question alludes this form of sense making by dealing with case handling that involve sev-

eral entities that interact with and make sense of a given case in different ways. 

Following the elaboration of our ontological stance of what is in the context of our research, we need 

furthermore to clarify our assumptions for understanding how we know (Crotty, 1998). Epistemology 

concerns “understanding what is entailed in knowing” (Crotty, 1998), and thereby address the nature 

of knowledge and concerns what is regarded as acceptable knowledge in a field of study (Saunders 

et al. 2012; Bryman & Bell, 2011). The epistemological stance of our research is constructionism 

which postulates that “there is no meaning without a mind” (Crotty, 1998 p.17), arguing that meaning 

is constructed and formed through our own involvement with the realities of our world (Crotty, 1998). 

Hence constructionism removes any meaning prescribed to any object, and assumes that “meaning 

emerges only when consciousness engages with them” (Crotty, 1998 p. 54), asking how there can 

be meaning without a mind? Understanding knowledge from this view emphasizes a world in where 

people may interpret and construct meaning in different ways, even when engaging the same object. 

Thereby in the constructionist view, “things, subject and object emerge as partners in the generation 

of meaning” (Crotty, 1998 p.17). Objects is therefore perceived as partners of how we construct and 

generate meaning. This is what distinction constructivism from subjectivism which it is often com-

pared to, as in subjectivism “meaning is created out of nothing” (Crotty, 1998), and thereby does not 

come out the interplay between subject and object. Thus, we as researchers in the epistemological 

stance of constructionism find ourselves in a world where meaning arise only when human beings 

impose their consciousness of interpretations on the world (Crotty, 1998). Constructionism explain 

that there exist no true or valid interpretation of an object, as the constructed meaning rest on each 

individual person’s own knowledge and lens used for interpretation, which cannot be defined as true 

or valid (Crotty, 1998). The study of cancer treatment within the healthcare system is complex and 

comprise a range of various actors who are likely to construct their own meaning of cancer treatment, 

which is the reason for constructionism in this research. Furthermore, the benefits brought about by 

blockchain can create meaning in varying ways for the different actors depending on their setting 

and perspective, thus insinuating the assumptions grounded in constructivism. This is important for 

this study in the attempt to clarify the value adding effect, as this value adding effect most likely is 

perceived differently by the various actors. 

 

3.2.2 Theoretical perspective 

In this section we outline and describe our theoretical perspective as our research philosophy, ad-

dressing the different assumptions we inevitably bring into our research of how we view the human 

world and social life within it. Following the outlined ontology and epistemology the theoretical 



Copenhagen Business School Blockchain in Healthcare joju16ab@student.cbs.dk 
Cand.merc.IT A Case Study of Cancer Treatment         malo15ah@student.cbs.dk 
Master Thesis 15.05.2018                        sini15ai@student.cbs.dk 

Page | 51  

 
 

perspective applied in our research is that of interpretivism. Interpretivism “advocates that it is nec-

essary for the researcher to understand differences between humans in our roles as social actors.” 

(Saunders, 2012 p.137). When adhering to the interpretivist approach, we acknowledge and recog-

nize that the world we analyze is made up by the social actors, who impose different and unique 

interpretations on the world (Saunders, 2012).  

 

Accordingly, the challenge for us as researchers is to adequately understand the research object 

and the world around it from the point of view of the involved social actors. For us as researches, 

this require us to enter the social world in our research and aim to understand and recognize the 

various worldviews. Objects in the interpretivist view construct only meaning when we apply our 

interpretative strategy to the object, hence objective meaning is not found but made (Crotty, 1998). 

Interpretivism is useful for addressing complex business situations and their unique constellations 

(Saunders, 2012). Related to the epistemological stance of constructionism, the interpretivist ap-

proach makes sense of the world through the subjective meanings and social phenomena, in an 

attempt to understand and thereby explain human and social reality when looking for “culturally de-

rived and historically situated interpretations of the social life-world” (Crotty, 1998 p. 79). The inter-

pretative approach rejects universal laws as these generalizations prohibit deeper understanding of 

the human complexity, and acknowledge that people have different cultural backgrounds, and in the 

context of different circumstances subsequently result in different interpretations of meaning (Saun-

ders, 2012). The interpretivist approach hence allows us to uncover specific complex insights from 

actors on how they interpret the world of cancer treatment and blockchain, to create new and richer 

understandings and interpretations of social worlds and their contexts (Saunders, 2012).  

From our elaboration of the ontological and epistemological position, we have declared and stated 

our assumptions of what is and what it means to know inherently embedded and informing our 

adopted research philosophy of interpretivism. An illustration is shown in table 1. 

 

Figure 19 - Research philosophy 
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3.3 Research Design 

This section will delve into our choices for how we construct our research design in forms that suit 

our research purpose. The first step in research design, is to zoom out and assess the overall re-

search strategy to recognise the needed components for the research study that effectively can 

address the research question (De Vaus, 2001). Only hereafter can the researcher discover the 

needed evidence required to answer the research question. The task of doing so, makes research 

design a logical task evident from the following quote: “Design is a logical task undertaken to ensure 

that the evidence collected enables us to answer questions or to test theories as unambiguously as 

possible” (De Vaus, 2001). Similar to the wisdom of business management, organizations need an 

overall goal for managing its operations in a way that realise their vision and mission. Research has 

the same distinct characteristic and need an overall goal to be able to choose the most beneficial 

research strategy (De Vaus, 2001). 

 

3.3.1 Single case study  

The research design will be structured as a single-case study with an idiographic nature, and in this 

way examine many factors on one unique case study. The internal and external validity of the re-

search is imperative in the pursuit of minimizing ambiguity and generalizing the findings beyond the 

research project (De Vaus, 2001). The case study research design has the advantages of novelty, 

testability and empirical validity because of the direct relation with the empirical evidence, which 

ultimately leads to a strong argumentation in the findings (Eisenhardt 1989). A multi-case study in-

volves examining and comparing more than one case and will therefore often provide stronger evi-

dence and arguments for the findings (Yin, 2014). However, the this entail and require more time 

and resources to investigate a topic to a sufficient level, which is one of the reasons we did not 

choose to conduct a multiple case study. We set out to do a single-case study given the scope of 

our project, but moreover as it allowed us to do an in-depth inquiry and rich analysis of blockchain 

technology in a given real life context. 

Different measures are taken to reach a satisfying level of generalizability. The main approach for 

reaching this point is to conduct qualitative interviews from people involved in different parts of the 

case ensuring views from a range of different angles. As argued by Walsham, interviews are the 

primary data source in interpretive case studies (Walsham, 1995). This was done both with people 

directly involved in the cancer treatment process as well as technical subject matter experts, in order 

to gauge how they each interpret the relation between the technology and the process. The single 

case chosen to contextualize the benefits of blockchain enabled case management in healthcare, is 

the treatment process of cancer within the danish healthcare system. Choosing the process of can-

cer treatment as the case  our thesis was done for two main reasons. First, the cancer treatment 
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process is one of the most well documented processes in the healthcare sector, thus an abundance 

of specific material was widely available. This made the initial exploration of the topic and under-

standing of the subsequent process it entails straightforward, allowing us as researchers to aim our 

attention towards relevant data gathering sooner in the process. Secondly, as pointed out in the 

introduction, the cancer process is under extreme social and political pressure to perform flawlessly. 

We therefore hypothesize that by examining how blockchain can create value for one of the most 

optimized processes in Danish healthcare, builds a stronger argument for the benefits of the tech-

nology, and accordingly also for our findings  

 

3.3.2 Reliability and validity of the research 

The preceding section describes our choice of research strategy and research design. Considera-

tions regarding our choice have been stated in relation to our further research along with the impli-

cation of those choices. Choices made in the preceding section are likely to heavily influence the 

outcome of the research through our thesis as they guide and create the foundation for the analysis.  

The qualitative nature of our research allowed us to understand the details in the complicated situa-

tion of cancer treatment. We found that our qualitative research approach was fitting with the single-

case study, that further also aligned well with the explorative origin of our research. Together they 

provided a balanced approach towards understanding the potential value creating effects of applying 

blockchain technology to cancer treatment. These choices did subsequently also mean that our we 

directed our focus to a rather small number of actors compared to a quantitative study. This raises 

and challenges the question of the reliability and generalizability of our study, as our collected data 

for the research is likely to be different if other researchers attempted to repeat the same data col-

lection (Saunders, 2016). We as researchers are aware of this fact and acknowledge that this is an 

accepted limitation that could potentially be further examined in future studies.  

Regarding validity of the research it is relevant to consider how our choice of methods makes valid 

measurements of the situation. There are mainly two types of validity, internal and external. Our 

choice of methods is likely to increase internal validity, by demonstrating the causal relationship 

between two variables. In order to show external validity we need to consider if the research findings 

would be applicable outside the chosen case (Saunders, 2016).The goal of this chapter is therefore 

to create the optimal foundation for the thesis, by choosing and explaining our choice of research 

strategy and design with the choices it entail, in order to create a valid research. The choices of data 

collection and data analysis will now be elaborated.  
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3.4 Research methods  

Following the elaboration of our research design,  it is necessary to clarify our choices of methods 

for data collection as a central element of doing case studies, since if not carried out sufficiently it 

could potentially jeopardized our research (Yin, 2014). As data collection can come from many 

sources, it is important to consider what data collection methods and techniques to use for securing 

adequate and relevant data to conduct the case study (Yin, 2014). Therefore, data collection needs 

to be strategically addressed to ensure we obtain the right data to answer the research question. 

Two types of data exist in the form of primary and secondary data. Primary data is new and raw data 

collected directly by the researchers with the purpose of answering the research question, and ex-

amples of such include interviews, observations and surveys (Saunders, 2012). Contrary, secondary 

data is already existing data previously formed and collected by other researchers for their own 

purposes (Saunders, 2012). Our choices of primary and secondary data collection methods will in 

the following section be described.  

 

3.4.1 Primary data 

In accordance with the interpretive approach we have made use of qualitative data collection meth-

ods. The qualitative approach is particularly well aligned with our adopted interpretative approach 

since we as researchers aim to “make sense of the subjective and socially constructed meanings 

expressed about the phenomenon being studied” (Saunders et al., 2012, p. 546). 

  

In our quest to collect primary data for the case study we decided to use interviews, which is, as 

noted by Kvale and Brinkmann “a conversation that has a structure and a purpose” (Kvale & Brink-

mann, 1996, p.5). The purpose of such is to discover data that allows us as researchers to focus 

directly on the research objective to reach the aim of answering our research question. Many types 

of interviews exist for different purposes, but for our purpose we conducted qualitative interviews 

“focusing on the interviewee’s point of view” (Bryman & Bell, 2011 p. 466). Our choice of qualitative 

interviews as our main data collection method is because it generates much richer and contextual 

insights than other qualitative or quantitative approaches (Saunders, 2012). In relation to our adopted 

interpretative approach it allow us to “to understand the world from the subject's point of view, to 

unfold the meaning of people's experiences, to uncover their lived world prior to scientific explana-

tion” (Kvale, 2007 p.xvii). More specifically the qualitative interview technique of semi-structured in-

terviews has been used, conducted in the form of face-to-face and a few telephonic interviews. The 

technique of semi-structured interviews is open and guided, and allowed us to adhere to our explor-

atory and inductive approach and obtain rich and relevant data towards the research objective, while 

having sufficient control of the collected data and thereby result in more accurate and reliable data 
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for the research (Saunders, 2012; Bryman, 2016). While furthermore, prove as a flexible approach 

where “rambling or going off at tangents” (Bryman & Bell, 2011 p.466) is encouraged to support the 

exploration of areas which was initially not considered but could provide significance to the research. 

A clear indicator hereof is the difference between the duration of our semi-structured interviews 

which range from 36-84 min with an average of 45 min. The semi-structured interview technique 

aligns with our constructivist approach and interpretive research philosophy, as it emphasizes the 

need to probe interviewees to elaborate their answers and thus we as researchers are able to “un-

derstand the meanings participants ascribe to various phenomena” (Saunders, 2012 p.378). Probing 

thereby serve as a valuable tool for us to add depth and significance to our data. 

We found the semi-structured interview appropriate as we, before conducting any interviews, have 

conducted a systematic literature review on blockchain. Additionally we also performed a preliminary 

review of existing literature on blockchain solutions within healthcare (Appendix 3), while also doing 

a significant review of the current issues in the Danish healthcare sector. This helped us to avoid the 

need of exploring overall themes in an unstructured way as when applying the technique of unstruc-

tured interviews. 

Furthermore, in the final rounds of interviews we conducted, we applied the technique of focused 

interviews by exerting “greater direction over the interview while allowing the interviewee’s opinions 

to emerge” (Saunders, 2012 p.375). The reason for transitioning from semi-structured interview over 

to focused interviews were due to our increasingly saturated insights forming the overall themes of 

our findings. Thereby we became more aware of the arising themes from the data, which allowed us 

to focus the questions towards the aim and purpose of the interview, for more qualitative answers in 

our exploration of specific areas of our case study (Bryman & Bell, 2011). 

What is important not to neglect is the fact that rich and meaningful data is not by default created but 

requires significant preparation (Schultze & Avital, 2011). Adequate preparation is needed to make 

sure the interviewees are ready to satisfactorily carry out the interviews to ensure reliable and a 

smooth collection of data (Yin, 2014). However, it requires vast involvement and is expensive in 

terms of both time and effort. We consider the delicate balance between structure and flexibility that 

is possible through semi-structured interview useful for us to comprehend the complexity of block-

chain. 

 

Structure of interviews 

The three researchers were present in the vast majority of the interviews, and all three researchers 

performed the role as interviewer in at least four or more interviews, rather than one individual doing 

all the interviews. To ensure consistency between the interviews carried out by the different re-

searchers, we collectively agreed upon a common interview guide beforehand. The interview guide 
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is advantageous for outlining the themes and the logical sequence, which helped us relate the ques-

tions to our research (Kvale, 1996). 

We found it necessary with a distinction between our interview purposes, and therefore divided our 

interviews into three different categories of interviews: 1) blockchain, 2) blockchain in healthcare, 3) 

cancer treatment. Due to each categories variance in nature and purpose, we created three different 

interview guides to reflect each interview category’s inherent complexity, these can be found in ap-

pendix. Despite the three different interview categories, a formation of five overall topics excluding 

the introductory questions were used in varying compositions. The topics included: 

➢ Challenges in the Danish healthcare sector 

➢ Challenges regarding IT in the Danish healthcare sector 

➢ Cancer treatment 

➢ Case handling in the healthcare sector 

➢ Blockchain technology 

The topics were composed in a logical sequence to comprehend the individual interviewees position, 

which provided a general structure for both parties which showed to be a sound way to help the 

interviewee follow the structure of the interview. In total the number of questions were between 7 

and 17 with a few sub-questions, on average we outlined 12 questions per interview depending on 

the composition of topics. The reason for the varying number of questions is due to the complexity 

and purpose of the different interview topics, hence some topics were more straightforward, and 

others required a messier approach. This provided sufficient structure while allowing flexibility to 

grasp each interview category’s complexity. We conducted 17 interviews, 13 semi-structured inter-

views and 4 focused interviews, with an average duration of 38 min.  

We aimed for a delicate balance between structure and flexibility in the questions and 13 interviews 

were performed in a semi-structured way, allowing the interviewer to improvise and ask other ques-

tions than specified in the interview guide to probe or follow the thoughts of the interviewee. This 

provided a sufficient level of congruence between the different interviews conducted by different 

interviewers, while also allowing enough flexibility to obtain rich answers from the interviewees. 

By composing our interviews of the overall topics, enabled us to make an adequate analysis while 

still allowing unanticipated answers essential for our exploratory case study. 

 

3.4.2 Sampling of data 

A pivotal element of the research method is to establish a strategy that enables us to create the best 

possible empirical evidence from the involved primary sources. This underlines the importance of 

considering how to sample the data and which strategy ultimately will yield the best results. The first 

thing that has to be considered is from whom the data is to be gathered. In choosing the best way 
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to sample data the method of purposive sampling was deemed most appropriate to use. The method 

does not seek to pick participants at random but rather make strategic decisions when picking par-

ticipants (Bryman & Bell, 2011). This means that the interviewees are  picked in order to facilitate 

the best possible research. The reason behind choosing this method is that; “It is often used when 

working with very small samples such as in case study research and when you wish to select cases 

that are particularly informative” (Saunders, 2012). We found this method appropriate as the very 

specific combination of blockchain, the Danish healthcare and cancer packages creates limited sam-

ple size of relevant actors. Despite the small sample size of a very specific topic it is recommended 

to have a certain number of interviews in order to produce a significant knowledge base, which for 

semistructured or in-depth interviews consist of between 5-25 (Saunders, 2012 ). The thesis empir-

ical knowledge base is, as previously mentioned, comprised of a total of 17 interviews. 

The different participants that were interviewed came from quite different backgrounds, however all 

either directly involved or indirectly involved in the treatment process, thus ensuring the relevancy of 

their respective input. The characteristics of the people we interviewed hold either broad industry 

knowledge, process knowledge or technical insights specifically for health IT systems ad/or block-

chain. For the process specific interviewees we kept in mind to interview people from different parts 

of the process in order to have a good deal of variety in the resulting sample (Bryman & Bell, 2011).  

This subsequently helped create a more comprehensive representation of the space of which to 

gauge the application of the technology. This choice also supports our epistemology choice of inter-

pretivism as we acknowledge that each interviewee will create unique meaning between themselves 

and the artifact or process.  

 

3.4.3 Triangulation 

To ensure comprehensive understanding of the phenomenon blockchain, we have chosen to include 

triangulation in our choice of research design. Multiple forms of triangulation exist where two were 

chosen for our purposes. The first being methodological triangulation which refers to “[...]that re-

searchers take different perspectives on an issue under study or — more generally speaking — in 

answering research questions.” (Flick, 2009: 445). Two subtypes of methodological triangulation 

exists; within-method and between-method triangulation (Flick, 1998), where we engage the latter 

of the two. Between-method triangulation is characterized by the use of different perspectives to help 

ensuring methodological stability and a more complete understanding of the phenomenon. To 

achieve this, we have used two different methodological data collection techniques. Qualitative in-

terviews were the primary source of data supported by secondary data found through document 

analysis. Besides the methodological approach, triangulation can refer to the combination of different 

data, known as data triangulation (Flick, 2009). We have performed this by applying data from 
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multiple sources in the forms of different actors with varying perspectives related to the research 

objective. This combination is useful for validation across data sources (Flick, 2011). Further, it can 

help create a more comprehensive image of the studied phenomenon (ibid). 

 

3.4.4 Secondary data 

In combination with our primary data, secondary data was also used during our research. As noted 

earlier secondary data comes in the form of already established data from other authors. It is advan-

tageous to use secondary data since it is often easily available and because of its inherent less time-

consuming character which can provide “enormous saving in resources, in particular your time and 

money” (Saunders, 2012 p.317). Therefore it is key to secure the validity of such data and its rele-

vance to the research objectives, as false and irrelevant information will lower the validity of our 

findings (Saunders, 2012). A disadvantage related to secondary data is the lack of control and 

thereby possibly less relevant data for our research objective (Bryman, 2016), which is why it is 

paramount to consider the purpose of which the data initially were gathered as it “may be inappro-

priate to your research question” (Saunders, 2012 p. 319), since the data inherently will reflect the 

initial objective of that researcher (Bryman & Bell, 2011). In our research this comprised materials 

as documentary text about the benefits of blockchain, blockchain in healthcare and the Danish 

healthcare sector. Our secondary data helped us to develop sufficient fundamental knowledge for 

our research objective and ultimately formed our interviews. Since blockchain is a rather new phe-

nomenon the availability of secondary data is significantly lower, especially when considering the 

reliability and validity of such data. To overcome this challenge, while keeping a sufficient level of 

relevancy and quality in the data, we undertook a cautious approach in which to evaluate and assess 

the suitability, validity and reliability of the data, as stated necessary by Saunders, Lewis and Thorn-

hill (Saunders, 2012). Especially the secondary data related to blockchain technology. The materials 

we have made use of is in the form of peer-reviewed articles, books, journals, magazines, and in-

dustry/market reports from major established consultancies. 
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3.5 Data analysis methods 

Having specified the chosen research strategy for which to gather our data, we now move on to 

methods utilized for the analysis herof. We have carefully designed our methods and techniques for 

analyzing the data to ensure a high quality in our qualitative research, since it is the “the interaction 

between data collection and data analysis that allow meanings to be explored and clarified” (Saun-

ders, 2012 p. 546). The chosen methods include Soft System Methodology (SSM) and Thematic 

analysis which will aim to reveal insights within the gathered data. SSM has been chosen as it func-

tions as an inquire into the world of a complex system and aims to take an holistic approach to 

improving the given process, which is deemed appropriate. The choice for thematic analysis is 

grounded in the need to identify concrete themes in our empirical data to support answering the 

research question. The inclusion of document analysis enabled comparison of secondary data to our 

own bias towards data and healthcare.  

 

3.5.1 Soft System Methodology  

Soft System Methodology henceforth referred to as SSM is a methodology created by Peter Check-

land, with its roots in the system movement where it aims to solve problems with a holistic view rather 

than the more traditional reductionist approach (Checkland, 2000). This methodology is appropriate 

to consider when a process includes a number of actors that interact on some deeper level. If the 

interactions they perform and the situation in which they operate are considered problematic it cre-

ates the base for further investigation. SSM offers a structured way for investigation, which takes 

form as a series of steps which consist of both modeling, analysis and solution creating in an iterative 

approach that leaves space for exploration and learning ,fitting well with our explorative inductive 

approach, to occur along the way (Checkland 2000). This takes place when the different stages are 

revisited, as more information is gathered about the system and understanding gets enhanced which 

in turn develops into a deeper understanding.  

 

Checkland defines two different types of thinking when it comes to systems, hard system thinking 

and soft system thinking. These two schools of thinking approach systems in radically different ways. 

Hard system methodology that examines a given system as individual parts that can be engineered 

to produce the optimal outcome, whereas SSM is an inquiry into the world (Checkland 2000). There-

for it starts of with the point of unstructured problems within social activity systems where a problem 

situation is not well defined, as opposed to hard system thinking SSM is focused on the learning 

paradigm that aims to build knowledge about the system, (Checkland 2000). This means that the 

method should not be treated as recipe with steps for solving a problem but rather to guide a struc-

tured understanding of a problematic situation. This is subsequently how this method will be utilized, 
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as it will serve as a tool to delve into the situation revolving around cancer treatment in danish 

healthcare. SSM will provide a structured way to understand the situation and the ill-defined prob-

lems it entails, thereby lay the foundation for an analysis of the relevant issues found within the 

cancer treatment process.  

 

The seven stages 

SSM is structured into seven interrelated stages which is addressed continuously as the process is 

examined. First the situation is considered and expressed in order to scope the process. SSM oper-

ates in two different worlds of understanding, first is the real world which the first two steps aim to 

illustrate. Second is the systems thinking about the real world, this way of structuring the world is 

done in steps 3 and 4 where root definitions and conceptual models drives the structuring. When the 

structures are created the method turns back to a real world view where it compares the structures 

created with models of the real world with the goal of identifying possible changes and improvements 

to the system and situation Checkland, (1999). An illustration of the  

 

Figure 20 - SSM steps (Checkland , 1999) 

Stage 1: Situation considered problematic 

In stage one, the situation that is considered problematic needs to be identified (Checkland, 2000). 

This initial step requires an amount of work where the researchers chose a focus point of a single 

situation. Considerations for the choice can be grounded in interviews with key actors of the situation, 

with their ideas of the problematic aspects of the situation. Early on in the process it is very likely 

that revisiting the initial idea of a problematic situation will be a necessary step to take. (Checkland, 

2000).  
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Stage 2: Problem situation expressed 

The second stage involved expressing the said situation in an information rich way. Appropriately 

named this is done through an illustration known as a rich picture, which include the environment, 

key structures and  people conflicts (Checkland, 2000). In order to gain an overview these are all 

arranged on a canvas with relations and links between them. The purpose of this stage is to sketch 

the entire process to create a foundation for solutions that will fit the situation. 

 

Stage 3: Root definitions of relevant systems 

In this stage SSM shifts from the real world and enters the world of system thinking. The rich picture 

creates the groundwork for identifying the root definition. The reason for using a root definition is 

because SSM states that full understanding is not possible from all perspective at the same time 

(Checkland 2000). In an attempt to create a  conceptual model which enables the further studies of 

activities, it a paramount to establish a clear definition of the purpose of all activities that needs to 

be modelled. This purpose takes form in a ‘root definition’ (Checkland, 2000). Given the importance 

of this task, it carves out the direction for the subsequent steps in SSM, Checkland present two tools 

to ensure the quality of the root definition, the CATWOE and the PQR.  

The CATWOE is constructed in order to ensure that system as a whole is understood as it aims to 

focus on six different parts of the system that are described as follows.  

C: Customers. Customers of the system who who either benefit or hurt from the system in 

question. They are directly impacted by the systems performance.  

A: Actors. Actors within the system who carry out the different steps in one aspect or an-

other. 

T: Transformation. The process of which the inputs of the system are transformed into de-

fined outputs. 

W: Weltanschauung. Translates to “worldview” and describe the perspective from which the 

given root definition is seen. 

O: Owner. The owners of the system who have the power to shut down the entire system if 

they wish. 

E: Environmental. The environment which constraints and limits the system. This is as-

sumed to be hard to alter, influence or change. 

When looking at especially the transformation, it is key to understand the term correctly. A common 

error “is to confuse the input which gets transformed into the output with the resources needed to 

carry out the transformation process” (Checkland, 2000, p.S27), as it is essential to keep these two 

elements separate. Transformation deals with the process of which the inputs of the system are 

transformed into defined outputs, therefore when describing the transformation is it important to 
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define a clear definition of the input and output. Furthermore Checkland provides a set of simple 

rules in order to ensure that the defined transformation is valid.  

● The transformation transforms the input into the output. 

● The input must be present in the output, however it must be in a changed state. 

● An abstract input must result in an abstract output 

● A concrete input mut result in a concrete output (Checkland, 2000) 

 

Checkland argues that recent years of experience substantiate the value generated by not only in-

cluding the CATWOE, but also defining the root definition “in the form: do P by Q in order to contribute 

to achieving R” (Checkland, 2000, p S28). In this context (P) indicates what do do, (Q) how to do it, 

and (R) why it is done. following this blueprint we ensure that the root definition is as simple as 

possible, while subsequently entails the required richness for it to encompass what ought to be done, 

how it’s done and the goal of doing so (Checkland, 2000) 

 

Stage 4: Conceptual models of systems described in root definitions 

In this stage conceptual models are created for each root definition in order to have structures to 

compare to the real world. They are then linked with arrows to indicate a logical connection between 

them. The connection are meant to illustrate a clear purpose of the process from the start all the way 

until the end. Checkland recommends a relatively brief initial version of these models as they are to 

be compared to the real world to gain new findings and reiteration is bound to happen (Checkland 

2000). In order to validate the conceptual models and ensure that they are not deficient, several 

ways to assess and evaluate their performance is available. One of the most common is the three 

E’s standing for efficacy, efficiency and effectiveness (Checkland 2000.) 

 

E1; Efficacy; does the system do what it is supposed to 

E2: Efficiency; does the system do it with the least amount of resources spent 

E3: Effectiveness; does the system contribute to an overall goal 

 

It's important to realize that these three criteria are always independent of each other; Checkland 

makes the following example of this: "The purposeful act of taking a drug to relieve your headache 

might be efficacious if the headache goes. But it could be inefficient if the drug cost too much or was 

very slow-acting. And it could also be ineffective, medically, if treating the symptom of the headache 

was unwise because the headache actually signaled a more serious complaint." (Checkland, 2010 

pp. 32.) Assessing the steps on these parameters allow for better judgment of the validity of the 

models. 
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Stage 5: Comparison of models and real world 

The method now leaves the world of systems thinking and reenters the real world. The aim of this 

step is to compare the conceptual models created in step 4 with the expressed problem situations 

from step 2. One aims to validate that the conceptual model that is created actually is feasible com-

pared to the what is going on in the real world. A mistake at this stage is to assume the models 

created and the real world to be exactly the same and therefore miss the learning aspect of SSM. 

One therefore must seek the differences between real world and conceptual models in order to learn 

thereby realise the full potential of SSM (Checkland 2000) 

 

Stage 6: Defining systematically desirable and culturally feasible changes 

The sixth step of SSM concerns defining the changes that are both desirable and feasible. The title 

suggests systematically desirable changes, which means changes that improve the performance or 

quality of the system overall. Culturally feasible changes are changes that fit the culture and actors 

involved. (Checkland, 2000)  

 

Stage 7: Actions to improve the problem situation 

The actions needed to improve the problem situation considering all the lessons learned from the 

previous steps. This is the final step in the soft system methodology and where the actual implemen-

tation is described. The changes that are considered feasible and desirable are implemented into 

the system at this point. (Checkland, 2000) 

 

As Checkland points out, the seven steps are a guideline to establish a structured understanding of 

the situation, which is why this thesis will utilize step one to five as checkland described, to identify 

the differences between real world and conceptual model, which enable us to set the scope for 

further investigation when it comes to defining changes. Step six is where our use of SSM will di-

verges from the established guidelines, as identifying the actual implementation actions for the situ-

ation lays outside the scope of the thesis. Revolving back to step six, this is where the scene will be 

set for the remaining analysis, as this is where the ill-defined problems are becoming more apparent, 

thus enabling us to delve more thoroughly into these. To ensure the validity of the findings when 

delving into the root causes, a thematic analysis will be conducted, with the purpose of pinpoint 

themes most relevant to address given the research question at hand.   
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3.5.2 Thematic Analysis  

The main purpose of a thematic analysis is, as the name indicates to identify themes. While no 

definition of a ‘theme’ is set in stone, this thesis will revert to the one postulated by King & Horrocks, 

which states that  “Themes are recurrent and distinctive features of participants' accounts, charac-

terising particular perceptions and/or experiences, which the researcher sees as relevant to the re-

search question.” (King & Horrocks, 2010 p. 150). What is relevant to the research question at hand, 

is delving into the problematic areas within the cancer package identified through step 1 through 5 

of SSM, as a more thorough investigations of these problems established a foundation of issues 

which needs to be addressed. This can be compared with blockchain technology to identify how its 

benefits potentially can alleviate the identified challenges. However, identifying themes is not a sim-

ple task of finding some insight that lies within the data just like a “fossil in a rock, it involves re-

searchers making choices about what to include, what to discard and how to interpret participant's 

words” (King & Horrocks, 2010 p. 149). However prior to making these choices, the initial step is the 

transcription of the recorded material, which subsequently will be described. 

 

Transcription 

The objective of transcription is to convert recorded material into text, and is thus a common prede-

cessor to the initial analysis and can be considered as the first step of the analysis, as it familiarizes 

the transcribed with the data. One key factor when performing the transcription is to ensure the 

quality of it, as “inaccurate transcripts will inevitably have a deleterious impact on the process of data 

analysis” (King & Horrocks, 2010 p.144). This inaccuracy in transcription is mainly a result from three 

different factors: recording quality, missing context and tidying up transcription talk (King & Horrocks, 

2010). Being aware of these pitfalls enabled us to minimize their impact on the overall quality of the 

transcriptions.  

 

Principles of thematic analysis 

With all the interviews transcribed as the fun-

damental basis of primary data, we were 

able to deep dive into the material to identify 

the much wanted themes. The processes of 

creating a thematic analysis can thus be bro-

ken down into three main stages, however it 

is important to note that even though it is 

presented in a sequential manner, it entails 

a lot of iterations (King & Horrocks, 2010). 

Following these steps as presented in figure 
Figure 21 - Thematic coding (King & Horrocks, 2010) 
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21, provides a way in which the researchers can portray their thinking about the data to the reader 

in structurally clear and comprehensible way, while simultaneously demonstrate exactly how the final 

thematic structure was generated (King & Horrocks, 2010) 

For the descriptive coding in stage one, NVivo (a qualitative data analysis computer software pack-

age produced Saunders, 2012), was used, as the software packages included predefined mecha-

nism for highlighting relevant elements of the transcription and attaching brief comments, while sub-

sequently being a tool advertised in the litterature as specifically well suited for the task (King & 

Horrocks, 2010). Building on top of the descriptive coding, the interpretive coding then attempt to 

capture the underlying meaning of these and group them based on commonalities. Once more, this 

is an iterative step, as it requires redefining and reapplying the interpretive codes from one interview 

to another, until a thorough meaning of the interviews has been captured (King & Horrocks, 2010). 

The final step consists of identifying the overarching themes which are distinguished through the 

previously defined cluster. It is key that they reflect the underlying interpretative clusters while sub-

sequently are on a higher level of abstraction than the components from which they are constructed 

(King & Horrocks, 2010). The common way of presenting the findings of a thematic analysis is pre-

senting, describing and discussion the overarching themes in turn. The focus should be on the ele-

ments which illustrates the themes most precise, while subsequently effectively adds elements which 

adds insight into the research question. Furthermore it should be avoided to present a descriptive 

summary of the entire content of each theme, as the focus should lies on building a narrative that 

sheds light upon the topic at hand for the reader (King & Horrocks, 2010).  

 

3.5.3 Document analysis  

In order to improve understanding and validity of the primary qualitative data gathered from inter-

views we applied document analysis. Applying this method is used as a supportive tool to ensure 

the validity of the aforementioned triangulation. This is recognized as “Often, documentary evidence 

is combined with data from interviews and observation to minimise bias and establish credibility” 

(Bowen, 2009), and thereby adds value to our case study research. It enabled us to be aware of our 

own bias regarding data and healthcare. This will add further to the objectivity of the assignment and 

avoid unintended influence (Bowen, 2009). We have included documents as secondary data of dif-

ferent origin into our research that we have examined to a degree deemed relevant in relation to 

their value adding capabilities. The documents included further adds to the credibility of our findings 

as they we are able examine our qualitative interviews with a deeper knowledge. Document analysis 

can thereby be considered as a relatively low cost method for data analysis that ends up providing 

us with great overall value in our quest to answer our research question.  
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3.6  Summary of Methodology 

In this chapter we have outlined and provided arguments for our choices of related to the methodo-

logical approach that has been applied by this thesis. We have elaborated the research strategy, the 

following methodological choices of our research design including the choices for data collection and 

subsequent data analysis, which all together have influenced the outcome of our thesis. 

The research strategy of our thesis was explorative with a qualitative approach in the design of a 

qualitative single-case study adopting an interpretivist approach. With the qualitative approach to 

data collection we enabled an in-depth contextual understanding of our particular case, and in com-

bination with the explorative nature of our research formed the basis for our data analysis. By follow-

ing the principles of soft system methodology, we have ensured a structured but iterative approach 

for exploring cancer treatment, while the subsequent thematic analysis has allowed us to identify 

themes and thereby summarize our empirical findings. The next following chapter will present the 

findings of our analysis. 
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4 Analysis 

The analysis is divided into three sequential sections, the initial exploration of the system revolving 

the cancer treatment, the identification of key challenges and finally the evaluation of the found is-

sues. Each steps builds on the insight from the preceding section to stepwise work towards identify-

ing desirable changes to the cancer treatment. The initial exploration of the system is done through 

soft system methodology (SSM), to establish a inner and outer workings of the case handling within 

cancer treatment. The insight help define the direction and scope of the subsequent identification of 

key challenges, which are singled out through a thematic analysis. Finally are the challenges ana-

lysed to identify their root cause, as establishing an understanding of the origin of the respective 

challenges creates the foundation for changes that aim to address them. This analysis does there-

fore aim to culminate in a handful of changes which specifically target central issues within the cancer 

treatment.  

 

4.1 Exploration into cancer treatment 

To kick of the exploration into cancer treatment SSM will be applied. SSM provides a structured 

approach to a series of steps involving both problem exploration to guide a structured understanding 

of the problematic situation. Using SSM aligns well with the chosen methodology of interpretivism 

as it supports building a model where multiple interpretations are considered. It is important to note 

that SSM emphasize an iterative approach, thus are the findings present in this section, a brief and 

more tailored version of the original. This is done to include the more relevant aspect and avoid 

unnecessary overload of details that only bewilder the reader, more than it helps their understanding. 

 

4.1.1 Situation considered problematic 

The initial step in the SSM framework take form as a larger perspective in order to delve into the real 

world and gather information in order to investigate the different views and understandings that exists 

regarding the cancer treatment in Denmark. The situation of cancer in Denmark is considered prob-

lematic first and foremost as statistically every third Danish citizen will be diagnosed with cancer and 

in 2016 there were 41.720 new cancer patients. Only six out of 10 cancer patients survive cancer on 

a five year period. Approximately 285.000 danish citizen currently live with a diagnosis of cancer and 

more than 15.000 die from the disease every year (Nye Kræfttilfælde i Danmark Cancerregisteret 

2016). Thus cancer is the most frequent cause of death in Denmark (Regeringen, 2016). Not only is 

cancer one of the leading causes of deaths in Denmark, the treatment hereof also is under immense 

political pressure as several strategic objectives have been initiated to reduces the mortality of this 

illness. In order to gauge the performance of the treatment it should aim to be on par with the neigh-

bouring countries, which currently perform better (Sundheds- og ældre ministeriet, 2016). 
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Furthermore are 16% of patients who engage in the cancer treatment process not treated within the 

time limit (SUM1, 2017).  While all these quality issues needs to be achieved while there simultane-

ously exists an immense pressure to increase the efficiency of the healthcare system, thus creating 

(Danske Regioner, 2016). The overall situation concerning cancer can thus be considered rather 

problematic, as despite the continuous effort on improving the cancer plan there is still significant 

room for improvement.  

 

4.1.2 Problem situation expressed 

Expressing the problem situation is challenging as the real world is often confusing and messy and  

researches is required to examine the perspectives of multiple actors and stakeholders in order to 

gain understanding of system. The picture should be understood not as a precise and objective 

representation of the system but as a collection of impressions from involved parties culminating in 

a detailed illustration. The creation of the as-is rich picture enables a bedrock for shaping the follow-

ing root definitions (Checkland, 2000), which subsequently can be seen on the following page. 
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Figure 22 - Rich picture 
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The rich picture is comprised of multiple parts that come together to give an overview of the process 

and allows for root definitions to be identified. The top of the picture is has the ministry of health in 

the center who are constantly receiving pressure from the government to make improvement, sym-

bolized by the yellow lightning bolts. The two groups of sick (green) patients are showing the amount 

of cancer patient that were in 2018 and the amount that is going to be 2030 (see case description), 

this is relevant as the system will likely need improvements to keep up with the increased number of 

patients. Under the patient groups are the Danish and Swedish flag with their respective survival 

rates after 1 year (Cancer, 2016). Going below the parenthesis we see a geography of Denmark with 

a focus on the regional divide of the country with five different regions in total. The map shows how 

each region contains both hospitals, general practitioners and municipalities all connected within 

each region. The map is surrounded by information boxes containing the percentage of patients that 

are not treated within the time frame standard set out by the government. It is possible to see how 

the difference between the regions are quite significant. 

 

4.1.3 Root definitions of relevant systems 

To extract a valid statement that encapsulates the essence of the rich picture and subsequently the 

system at hand, we need to identify the different elements that the root definition ought to constitute. 

To ensure this CATWOE will be used as a mnemonic device to highlight and describe each element 

at a more atomic level. Having clarified the elements that constitutes the CATWOE, provides the 

foundation to establish an accurate root definition, which ultimately take the form according to Check-

lands PQR definition. 

 

Looking at the rich picture while simultaneously having the mnemonic device in mind enables a 

definition of the customer, actors, transformation, weltanschauung, owners and the environment. 

Our analysis have resulted in the following CATWOE presented in table below. The extraction hereof 

and an in depth description can be found in appendix 6. 

 

 

Figure 23 - CATWOE 
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In order to define the root definition, PQR is now applied, as this insures that the thinking behind the 

root definition include the perspective of the system, the subsystem and the wider system, thereby 

covering at least three levels. Having identified the underlying subcomponents from which to build 

the root definition through the CATWOE, now enables the foundation to answer the three questions 

which ultimately will be consolidated into the root definition.  

 

(P) What does the system do?   Cure the patient of cancer.  

(Q) How does the system do it?  Identifying the cancer type and treat it accordingly. 

(R) Why does the system do it?   Promote the public health (SST, 2018)  

 

By combining the What to do (P), How to do it (Q) and Why do it (R) and put into Checkland’s form: 

”do P by Q in order to contribute to achieving R” (Checkland, 2000), results in the following definition: 

Cure the patient of cancer by identifying the cancer type and treating it accordingly, in order to con-

tribute to achieve better public health The PQR definition now ought to be infused with the CATWOE 

to generate the root definition of the system, by combining these two elements, the root definition 

ends up as: 

The combined actions from hospitals, general practitioners and the municipals at-

tempts to cure the patient of cancer by identifying the cancer type and treating it ac-

cordingly, this is done in order to contribute to achieve a better public health set by 

Ministry of health. 

 

As we now have established a root definition of the system, we are able to create a conceptual model 

of the selfsame system, which subsequently is what the next sections revolves around.  
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4.1.4  Build conceptual model 

The next step is then to narrow our focus on the transformational 

element of the CATWOE that comprise the operational subsystem 

of achieving the Root Definition. For this exercise we will create a 

conceptual model that visualize the activities in the operational sys-

tem of the linked human activities of how to carry out the transfor-

mation of the input to produce the output. The activities encompass 

the logically necessary activities to perform the transformation pre-

viously stated in the root definition. In the effort of doing so it is 

central to emphasize we are not modelling the real-world system, 

but merely the necessary activities to deliver the transformation. By 

doing so we are able to compare our conceptual model to the real 

world and explore differences as areas with potential for change. 

Our conceptual model comprise eight operational activities and 

thereby is within the ‘magic rule’ of 7+2 individual activities originat-

ing from George Miller (1968) that Checkland suggest aiming for 

when creating the conceptual model. The operational activities are 

visualized as the text boxes with arrows that represent the logical 

dependencies between the activities (to the right Fig. 26). The op-

erational activities have also been numbered for easy traceability 

and reference later on. An additional key point in our conceptual 

model is that each operational activity is described with an impera-

tive or command verb in the beginning to make the activity action-

able, which help us to avoid unnecessary activities not necessary for the operational system to carry 

out the transformation (Checkland 2000). An in depth description of each activity can be seen in 

appendix 6. 

 

Monitor and control functionality on different levels 

An additional element involved in building the conceptual model is to include how such system is to 

be monitored to ensure the operational activities are performed correct. Due to the different layers 

of systems, a distinction between two types of monitoring and control functionalities is necessary. 

The first is a monitor and control functionality of the operational system which the owner defined in 

the CATWOE of the purposeful system is responsible for. The second is a monitor and control func-

tionality at the wider system level of the first control and monitoring function performed in the pur-

poseful system. At both levels the responsible parties also have to take corrective actions if they 

Figure 24 - Conceptual model 
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through their monitoring and controlling activities find deviations from the desired performance. The 

type of monitoring and control should be towards that of the three E’s in the transformation, of the 

individual operational activities and of the whole system on the different layers (Checkland 2000). 

The different system layers found in the conceptual model can be described as following: 

• The operational subsystem: Cancer plan 

• The purposeful system in focus: Cancer treatment in Denmark 

• The wider system: Public health in Denmark 

The monitoring activity for respectively the efficacy and efficiency are located within the purposeful 

system while it measures the performance of the operational system. The monitoring activity of the 

effectiveness lies on the other hand in the wider system where the purposeful systems effectiveness 

is being measured.  

• The purposeful system measure efficacy and efficiency of the operational subsystem 

• The wider system measure the effectiveness of the purposeful system 

 

4.1.5 Compare model with the real world 

In this stage we will exit the system world by comparing our conceptual model with the real world 

system to uncover insights, as it is in this comparison where learning occurs of the differences 

(Checkland, 2000).  

 

Figure 25 - Conceptual model & real world 

What can be seen through a thorough comparison of the real world and the conceptual model (ap-

pendix 6) is that their inherent functions are similar, however the real world situation already have 

steps in place to ensure a smoother transition into the next activity. it is evident that activities are 

designed to streamline the overall flow of the subsequent activities, which means that difference 

between the conceptual model and the real world highlights how well design the process flow is, 
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when it comes to cancer treatment. However, a necessity for every system in order to judge its 

performance and subsequently take remediation actions if the performance declines to an unsatis-

fying level, is a set definition of criterias that can be measured. This set of logic measurements 

focuses in any given system on three issues, the efficacy, the efficiency and the effectiveness of a 

system. As there no major differences between the conceptual model and the real world were found 

on an activity level, the examination will switch towards the the three E’s of the respective level in 

the system, and define the difference between the conceptual model and the real world for each. 

The initial step is to define what can be considered as the purposeful system, the operational sub-

system and the wider system in the real world. This means that the monitoring activities in terms of 

the efficacy and efficiency lies within the cancer treatment in Denmark, and oversees the perfor-

mance of the operational activities within the cancer plan, whereas the activities for measuring the 

effectiveness of the cancer treatment and its contribution to the overall goal are anchored within the 

danish ministry for health. This provides two axis of comparison, the cancer treatment and the danish 

ministry of health. 

 

The purposeful system: Cancer treatment 

The activities monitored can be defined as the ones included in the cancer packages. Therefore to 

check if the output is produced (efficacy) and whether the minimum resources have been spent on 

achieving it (efficiency), requires a deep dive to identify how exactly the performance on these pa-

rameters are measured. The entity monitoring both efficacy and efficiency are Sundhedsdatastyrel-

sen (SST, 2016). 

 

Efficacy = Cancer package process completed within specified standard run times 

Having defined the transformation that is undergone in the system, it is evident that the cancer pack-

ages encompass the entirety of activities necessary for achieve the intended outcome. Thereby it 

can be concluded that once a patient has gone through the cancer package process, the system 

has performed all activities necessary to produce intended outcome. Furthermore each cancer pack-

ages have clearly defined sets of steps that need to be conducted for all of the 32 different types of 

cancer, which include specifics on how to enter the cancer package, the diagnosis, the treatment 

and follow up (Doctor and VP, Int. 5). For each of these respective phases depending on the form of 

cancer, sundhedsstyrelsens have provided a fixed maximum duration, which provides a timeframe 

in which all of the underlying steps have to be completed. Therefore in order to produce the intended 

outcome, the patient does not only need to go through all activities defined in the cancer package, 

this also has to happen within a specified amount of time(Esundhed, 2018). This means that in order 

to measure the efficacy of the system, sundhedsdatastyrelsen measures the time it takes to com-

plete each stage in the cancer package.  
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Efficiency = conduct the required activities for the minimal monetary amount.   

The resources spent on completing the cancer package process are tracked within each respective 

unit responsible for the specific element of treatment or test. These costs can be grouped into three 

main components, the costs of GPs and specialist physicians, the cost of hospitalization and the 

cost of outpatient treatment at hospital (Kruse & Hostenkamp, 2016 & Esundhed, 2018) 

 

The wider system: Healthcare in Denmark  

Effectiveness = Weather the transformation contributes to a higher goal or long-term aim. 

The long-term impact of the cancer packages is to reduce the amount of deaths caused by cancer 

in Denmark, which is evident in the decreasing mortality rate after five years of cancer, which in 2000 

was on 48% but have been improved to 61% today. (Sundheds- og ældre ministeriet, 2016).The 

ongoing monitoring and correction of leadership and coordination roles within the cancer package 

performed by the wider system does therefore ensure the overall long term-aim is kept in check.  

 

Findings through our comparison 

We have made a comparison of the conceptual model of the operational activities necessary to 

achieve the transformation in the purposeful system, to the real world system in which each step in 

the conceptual model has been compared to how the real world operationalize the purposeful sys-

tem. From our comparison we find that the conceptual model is very similar to the current real world 

system. We have built our conceptual model in the most simple and effective way including only the 

absolute most necessary activities to achieve the transformation and produce the output, and as the 

real world is almost identical in terms of the activities performed we find it adequate to conclude that 

the real world operational activities are close to the ideal situation, hence only limited opportunities 

for improvements. Our curiosity then made us question the motives behind the high political focus 

from the owner of the system and increased financial support. To address our wonder of why, further 

exploration of the real world system through the same previous performance measurements of effi-

cacy, efficiency and effectiveness, based on the assumption no difference in the Root Definition, was 

undertaken for deeper analysis to find the root cause of potential issues.  

 

Regarding the efficacy of the system, approximately around 80% of patients diagnosed with cancer 

survive one year after treatment (SUM, 2018). Despite the given percentage, it is a clear indicator of 

how the system successfully comprehend the transformation of the input to the desired output. An 

additional strong argument hereof is that without the system in place, the rate of the desired outcome 

would be significantly lower as before the system was put in place in 2000 (SUM, 2018). This reali-

zation relates directly to the effectiveness of the system in its goal of contributing to a higher-level 
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goal in the wider system. This is because reducing the mortality rate caused by cancer contribute to 

an overall reduced mortality rate in the healthcare sector in Denmark. Thus, clarification of our won-

der seems to be depending on the last remaining performance measurement which is the general 

efficiency of the system, which subsequently is validated through an interview with the VP of the 

national breast cancer treatment who stated: “The main issue is that we have an increasing gap 

between the demand and what we can deliver…we get more money, but we also get more that we 

need to do for this amount of money. So, every year we need to cut our budgets even though that 

we get more money in the budget, because we have more demand” (Doctor and VP, Int. 5). Contrary 

to the political and social pressure to deliver and operating with a high efficacy, the system is not 

protected overall political push to drive down healthcare cost and effectives the entire healthcare 

sector. These conflicting forces puts an increased pressure on the system to deliver and maintaining 

the high efficacy, while costs should go down, resulting in an increased focus on the efficiency of the 

system. Delving deeper into this findings, it becomes evident that the system is designed to perform, 

and the continuously high pressure pushes to continuously increase its efficacy of the system. 

Thereby we can satisfyingly assume that it is a matter of a more efficient transformation in the system 

that is targeted for improvement, and emphasize efficiency as the subject for deeper analysis of how 

to cure the patient with minimum use of resources such as time and cost while attaining the same 

high quality of treatment. 

 

Insights generated through the comparison 

From our comparison between our conceptual model and the real world system there is suggestive 

evidence that points towards no radical difference and therefore the current real world system is 

working well. As a result, we evaluated and assessed the real world system based on the efficacy, 

efficiency and effectiveness. What became evident when examining the cancer treatment process, 

is that it is not a question whether the system works (efficacy),  as it does the transformation and 

cures cancer patients, or if the system contribute to the higher-level goal (efficiency) as it does lower 

the overall mortality in the healthcare sector. This findings do however enable us to hypothesize that 

improvement must be achieved through effectiveness, hence it is (effectiveness) that is subject for 

deeper analysis and exploration to identify issues that are resulting in the overall problems of the 

system.   

 

4.1.6 Define changes that are both desirable and feasible 

Step six in SSM revolves upon defining desirable and culturally feasible changes and is subsequently 

were the thesis derivatives from the more standardized approach. In order to be able to identify 

changes that are both desirable and feasible, a more atomic understanding of the issues inherent in 
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the cancer treatment process is necessary. What became evident is that the conceptual model is for 

now similar to what reality offers, thus attempting to bring these two closer together, would not be 

yield any desirable changes due to their resemblance. Checkland argues that it through the differ-

ences between reality and the conceptual model that questions arise, which eventually lead to 

change (Checkland, 2000). Following this train of thought, leads us as researchers to wonder about 

the minor variations that were identified, namely the discrepancy between expected performance in 

relation to the efficiency of the system. Staying within the realm of value-based healthcare, Porter 

present several major cost reduction opportunities when it comes to the healthcare sector in general, 

which when held up against the cancer package process, it swiftly becomes evident that have been 

rigorously targeted through the introduction of the cancer packages in 2000 (Kora, 2012), and the 

latter years several improvement initiatives hereof to effectively reduce process variation, eliminate 

low- or non-value added services or tests and reduce cycle times across the care cycle. The contin-

uously high pressure from both politics and society has resulted in a meticulous focus on optimizing 

the process itself over the last 18 years. Therefore it can be speculated in, whether how big an impact 

minor changes would have on such a well-structured delivery system, and diverts the focus to the 

underlying IT infrastructure, as Porter postulates specifically that when the system is well-structured, 

the right kind of IT system can have significant benefits (Porter, 2013). Not only can an enabling 

integrated IT platform facilitate value creation by its own, but furthermore also to enhance value 

creation in the five other interrelated components of value-based healthcare (Porter, 2013). Based 

on this, one could hypothesis that problematic situations when it comes to cancer package could be 

found somewhere in the realm of underlying IT capabilities to support the process. This does sub-

sequently set the scope for further investigation.  

 

4.2 Challenges in the IT architecture 

Building on top of the hypothesis generated through the comparison between the conceptual model 

and the real world, stating that challenges within the system are related to the effectiveness of it, the 

scope for a deeper exploration hereof pointed towards a more thorough investigation of the under-

lying IT infrastructure support the otherwise highly well-function system.  To single out the issues, 

the following section will include the application of a thematic analysis to identify and pinpoint the 

essential problems and complications in our empirical data. 

The goal of the thematic analysis is to, in a structured way provide the researchers with issues re-

curring throughout the empirical evidence. The interviews conducted have been descriptively coded 

in NVivo, then clustered to interpretive codes, which finally enables the identification of key over-

arching themes. This process is visualized in appendix 2. With 17 interviews that were conducted 

with interviewees from different parts of the process, enabled data triangulation which in itself did 
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not enhance the validity of the findings, it did however ensures a more comprehensive study of the 

subject at hand (King & Horrocks,2010) 

 

This analytical groundwork has produced a series of empirically supported problems both in general healthcare IT and 

cancer package specific. The nature of a thematic analysis is by all means a bottom up approach, however 

presenting the findings in the same way would would not allow for a clear coherent presentation of 

the identified themes, thus those will be presented top down. The overarching themes when dealing 

with the IT challenges found within the danish healthcare sector and those that are compromising 

the productivity and effectiveness of the cancer packages, can initially be divided into two main 

themes, problems and barriers. 

• Problems are situations or elements that to some degree directly compromise the actors 

ability to perform an activity as intended.  

● Barriers relate to challenges that either prevents or complicates potential solutions to is-

sues.   

 

4.2.1 Theme One: Problems 

As already mentioned, problems are situations or elements that to some degree directly compromise 

the actors ability to perform an activity as intended. These will now in turn be elaborated  as well as 

the interpretative codes  of thematic analysis from whom they are constructed as they can be seen 

just below. 

  

Figure 26 - problems 
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IT system not build for the cancer treatment  

A central element causing many of the challenges identified through our thematic analysis is a limit-

ing functionality caused by rigid IT systems that result in a discrepancy between the IT functionality 

and the needs of the cancer packages. The IT systems simply does not support the cancer packages 

adequately “because the cancer packages was not something that was built into “Epic” [the company 

delivering the base for Sundhedsplatformen] when we bought it. It's something we built ourselves” 

(MD and VP, Int. 5), and they were originally developed as a contact-based model, which today 

cause the issue that “these contacts are not connected in the process” (Head of Office, Int. 16)1, and 

therefore end up with a fragmented process (Head of Office, Int. 16). 

Lack of IT system functionality 

The IT systems supporting the cancer packages is a combination of relatively old systems, which is 

referred to as legacy systems, and new systems provided by international suppliers. The old systems 

are restricting in their limitations for modification towards new requirements with “IT systems that do 

not talk together in a good way and are very slow to work with” (GP, Int. 8)2. The system used for 

general communication between the involved actors in the cancer packages is unique as it reaches 

across the many regions allowing for letter-based communication (MD and VP, Int. 5), however it is 

a more simple and basic system developed with other ambitions reflecting the need at that time. 

However to support today's more modern ambitions it could be improved and specialized to a much 

higher degree (Head of Department, Int. 17). The legacy systems have been extended with addons 

over the years with new functionality, however these “different addons rarely collaborate and often 

creates a less than optimal infrastructure” (Head of Office, Int. 16)3, thus does not support contem-

porary workflow procedures which the cancer packages require. Contrary to the legacy systems, the 

new IT systems was originally developed for the American market, which is significantly different 

form the Danish healthcare model (Shore, 2007). The new IT system has been modified to the Dan-

ish healthcare model, however these modifications does not adequately fulfill the required needs as 

it was originally built with a different purpose in mind (Head of Office, Int. 16). Thereby our analysis 

emphasizes the shortcomings in the IT functionality as a result of the skewed IT system that does 

not adequately meet the unique needs of the Danish healthcare system (Process Coordinator, Int 

9), which result in what the process coordinator describes as “a cut in communication between the 

different groups of people – the doctors, the secretaries and the nurse” (Process Coordinator, Int 9). 

                                                

 

1 Original quote; “man har ikke koblet disse kontakter sammen i forløbet” (Head of Office, Int. 16) 
2 Original quote; “IT systemer som ikke kan tale sammen på en nem måde og er meget langsommelige at arbejde med” 
(GP, Int. 8) 
3 Original quote; “det er jo det at vi har løst koblede systemer sammen som giver en vis kompleksitet” (Head of Office, Int. 
16) 
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The consequence of the combination of the rigid and restricting legacy systems and the new but 

skewed IT systems eventually result in lacking functionality for the highly complex process which the 

cancer package is. 

Information overload 

An additional challenging perspective related to the lack of IT functionality is an immense amount of 

information presented to the actors involved with the cancer plans. The challenge is not only relative 

to the cancer plans, but is a general challenge in the healthcare sector where the amount of data is 

staggering and far from useful for every actors (GP, Int. 6). The issue concerns several pages of 

data from the medical journal that include every piece of information that not necessarily is relevant 

for the medical decisions about the patient, thus is experienced as noise for otherwise highly relevant 

and needed information. It becomes a critical issue when trying to read through all of the data in 

pursuit for relevant information needed to make a specific decision. As the medical doctors are chal-

lenged to filter through the immense amount of irrelevant data, whereas they are only interested in 

the most relevant information (GP, Int. 7), that lead to wasted time and is almost impossible because 

the “level of detail is too high and makes the information picture crowded” (MD and VP, Int. 5). The 

thematic analysis thus highlighted that information overload is an prevalent issue for multiple actors. 

Data duplication 

The highly complex IT landscape and its rigid IT functionality furthermore foster an additional chal-

lenge regarding data duplication in the cancer packages, “we still have double registration and we 

would like to get rid of that” (Head of Office, Int. 16)4. The issue hereof occurs because the actors 

have to type in information multiple places, so information is present twice in different formats (Pro-

cess Coordinator, Int 9) as “numbers are written in by a nurse so that’s twice doing in the same thing, 

actually it only needed to be put in the media but it also has to be here” (Process Coordinator, Int 9). 

But moreover, the IT infrastructure fail to adequately support the workflow which forces workarounds 

of the IT tools, which causes data duplication as actors double register information various places in 

the system, and even still on physical papers (Process Coordinator, Int 9). The current process 

therefore exemplifies sub optimal data handling which impacts the process negatively as it allows 

information to more easily be lost or incorrect. This lead to not only frustration for the patient but also 

lead to waste of time and conflicting data in the system while contributing to the overall information 

overload. 

 

  

                                                

 

4 Original quote; “Altså det er klart, vi har stadig dobbeltregistrering. Og det er skal vi gerne af med” (Head of Office, Int. 16) 
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Data access 

A crucial component for treating patients optimally is to have the right access to relevant data, but 

the current IT system have built in barriers that prohibit optimal value from being captured. Not have 

access to the right data can have consequences in a healthcare context. The reason is due to over-

sensitivity towards restricting data access which is likely to result in more patients not getting the 

care that they need due to the lack of relevant information, since “very few patients have died from 

sharing information while a much higher number have died from not sharing information” (MD and 

VP, Int. 5). A challenge related to ensuring the right data access is the sharing and practical frame-

works which remains to be a big challenge today, but contrary is an area with potential for generating 

new value if thought carefully about (Head of Danish Health Data Authority Department, Int. 12).  

A validation of the potential value of a broader data access consensus is found within a demo project 

which allowed elderly care personnel access to the patients treatment history. “The people that are 

working in the municipality have been extremely happy to have gotten some insights into and better 

understanding of the patient history of illness” (Head of Department, Int. 17)5. This small demo pro-

ject indicated a positive response when actors of the system got access to data about their patients. 

This is relevant as it could point towards other aspects of healthcare where increased data access 

could lead to increased value, thus supporting the data access idea. 

 

Data availability 

The previous section concerning data access addressed the function of issues regarding providing 

the access where the following section concerns data availability focusing on having the data avail-

able. From our thematic analysis data availability for the involved actors was identified as a technical 

limitation within the cancer treatment process. After a GP refer a patient to the cancer plan they are 

often left out of the loop in regards to the following treatment (GP, Int. 8). This can cause complica-

tions as the patients often return after the completed treatment to the GP, which subsequently results 

in “I am missing specific information at the right time from the other actors, i.e. the hospitals, specialist 

doctor and where the patient otherwise has been" (GP, Int. 8)6, and as stated earlier relevant infor-

mation that is unavailable at the time you need it, is problematic for the optimal decision making.  

 

This issue is not only present among the different institutional actors, but also within the individual 

departments, which is evident in the daily operations in diagnostics where the involved actors “cannot 

                                                

 

5 Original quote; “De folk der er i kommunen som arbejder med det her, har været utrolig glade for at kunne kigge ind i journalen og kunne få en mere 

detaljeret indsigt og forståelse af patientens sygdomshistorie” (Head of Department, Int. 17) 
6
 “jeg mangler de her oplysninger fra de andre aktører, altså sygehus eller speciallæger, hvor patienten nu har været. I hvert fald på det rette tidspunkt så 

mangler jeg det ” (GP, Int. 8). 
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see the same things that the secretary can see” (Process Coordinator, Int 9), and hence make use 

of physical paper forms for manual data sharing to have the data available in the right time “the 

doctor has one page and it looks a lot like this, but they have one, I have another as a nurse and 

then the secretary has the third one” (Process Coordinator, Int 9). One of the main ambitions in the 

healthcare sector is to to provide the health personnel with the relevant data when it is needed, 

however this is extremely difficult from an IT perspective which is why the issue keeps on persisting 

(Head of Danish Health Data Authority Department, Int 12). The issue is furthermore emphasized, 

as there exist over 140 different registries in the Danish healthcare sector with health data which 

impairs the “ability to look at all data at the point of need, I think that's a theme that comes across as 

a big challenge in Denmark” (Chief Medical Officer, Int 14). When delving into this issue, it becomes 

evident that the existing IT infrastructure does not support a demand-driven sharing of information, 

as it happens through the MedCom standard where data sharing "takes place as electronic mes-

sages, so it is very dependent on whether the message is being sent now and received at the other 

end, opposite to if you have a need and then you can look it up and see the data is available.” (Head 

of Department, Int. 177).  

 

Communication 

In our thematic analysis of the IT infrastructural issues, it became apparent that communication con-

tained problems throughout the whole cycle of treatment in the cancer plans. Even though the com-

munication is mostly adequate within in each internal step, issues arise when going from step to step 

externally and often results in gaps where the communication of important information is lacking and 

is potentially lost. Furthermore, it is not only communication between the actors within the medical 

procedures that pose as an issue. Communication going outwards to the patient is also an issue, as 

patients are not involved sufficiently in the progress of their treatment, while on the other hand have 

access to too much information that they don’t understand (GP, Int. 6). This has the potential risk of 

putting the patient under further stress which is added to the already sensitive position that cancer 

patients are likely to be in. It was therefore found that a solution which would facilitate improved 

communication would be highly regarded as value adding.  

 

Missing process overview  

Achieving a clear overview of the progress in the cancer treatment plan is currently a challenge. 

When a GP refer the patient to a hospital and accordingly pass on the responsibility of the patient to 

                                                

 

7
 Original quote: “i form af nogle elektroniske beskeder, så det er meget afhængigt af om beskeden nu bliver sendt afsted og modtaget i den anden ende, 

frem for at hvis man har et behov, at man så kan slå op og kigge, og så er dataen til rådighed.” (Head of Department, Int. 17) 
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the hospital, the GP most often does not know what happens next “from the moment i have referred 

the patient… then i think that I am missing information such as: What is happening now?” (GP, Int. 

8)8. resulting in the GP not being  able to follow the progress and the most recent status of the patient 

which is not supported by the current IT infrastructure, “When you ask how the current IT infrastruc-

ture supports the cancer packages then I want to answer that I am having a hard time following the 

patient when they are in the diagnoses phase” (GP, Int. 8)9. As so it is experienced as a challenge 

because during the internal hospital diagnosis, the GP is not informed or communicated to about the 

process status or the tests the patient went through. As a result, important information is not com-

municated correctly in the process which causes confusion and limit the ability for the medical doc-

tors to make the optimal decisions (Process Coordinator, Int 9; GP, Int. 8). 

 

Poor patient communication 

It was found that a main issue for the patients is the waiting time from referral from the GP to the 

hospital to perform the verifying tests regarding a positive og negative cancer diagnosis, ”Patients 

tells us that what is worst for them is the waiting time, because they are worried, they know there is 

something wrong and they don’t know what” (Process Coordinator, Int 9). Therefore, waiting for up 

to 24 days, which is the timeframe set for diagnosing lung cancer, is an extremely long time to wait 

when you are afraid of something (Process Coordinator, Int 9). In relation to this “there is no doubt 

that patient involvement could be handled more intelligently, specifically in terms of openness and 

transparency for the individual citizen regarding what happens throughout the process” (Head of 

Department, Int. 17)10. The key phrase in this quote is “handled more intelligently” as the lack of 

patient inclusion in the process is causing distress for the patient. 

As it stands now some test results from various stages throughout the diagnosis process are made 

available for the patient on [Sundhedsplatformen] at the same time as for MD who are responsible 

for the diagnosis in the MDT conference (Head of Department, Int. 17). This means that the test 

results for the diagnosis occasionally is read by the patient before talking to their MD (Process Co-

ordinator, Int 9), causing misunderstandings as the patient do not fully understand the connotation 

of the technicalities in the medical terminology. Thereby patients often misinterpret information of 

“something completely harmless which the patient interprets wrongly” (Head of Department, Int. 

                                                

 

8
 Original quote: “fra det øjeblik jeg har henvist patienten… så er det jeg synes jeg nogle gange mangler de her oplysninger som: hvad sker der egentlig nu?” 

(GP, Int. 8) 
9 Original quote: “Når du spørger hvordan den IT infrastruktur der findes nu, støtter op omkring kræftpakkerne, så vil jeg svare at det netop kan være svært 

at følge med i forløbet når patienten er under udredning” (GP, Int. 8)  
10 Original quote: “det kan selvfølgelig være endnu mere smart det er der ingen tvivl om, det kunne også være mere åbent og transparent i forhold til 

borgeren, omkring hvad der sker undervejs i forløbet” (Head of Department, Int. 17) 
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17)11, which underlines the issues of un-intelligent patient involvement. This section is therefore  not 

to be mistaken for a pure data issue either as the medical terminology currently available to patients 

also causes them stress.  

 

Current IT infrastructure not optimized - (IT infrastructure at hand is not used to its potential) 

It became evident throughout the thematic analysis, that the inherently high complexity of cancer 

treatment, makes it challenging to embed the necessary flexibility into the IT infrastructure for it to 

support the process, thereby mitigating the value of supporting IT systems. It is estimated that the 

result of two intertwining elements, the complex process and the different user behaviour of the IT 

systems, is to blame.   

 

Complex treatment process 

A fundamental challenge regarding the cancer packages stems for the inherent complexity of the 

disease. The cancer disease takes many forms thus making it necessary to specifically tailor the 

treatment for each individual cancer type which currently result in 32 variants of the cancer packages. 

The general activities in the cancer packages and the details hereof are very different, and it is these 

details of the individual cancer types adds to the complexity of the management of the cancer pack-

ages (MD and VP, Int. 5). The interconnected combination of variable administrative routines and 

the medical procedures that makes it complicated (MD and VP, Int. 5). Ensuring a generic and au-

tomated process for the cancer packages is thus difficult to accomplish. 

A related issue concerning the high complexity of treatment is the time criteria which needs to be 

complied with. One consequence deriving from this issue of time pressure, is complications regard-

ing scheduling which results in the time limit for treatment is surpassed. As expressed by the vice 

president and medical doctor at Nordsjælland hospital, “because some cancers are very time critical 

and some cancers are not very time critical, and breast cancer for example is not very time-critical - 

they will survive just as well if they're treated on day 33 than on day 28, then pancreatic cancer they 

will not survive very well treated one month later” (MD and VP, Int. 5). Hence the challenge at hand 

is to comprehend the high complexity of details in cancer package process while being able to com-

ply with the time criteria, which technically is not law, but expected by Sundhedsstyrelsen.  

 

  

                                                

 

11 Original quote: “Så der kan stå noget fuldstændig fredeligt som patienten tolker som værende frygteligt forfærdeligt” (Head of Department, Int. 17) 
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Mismatched IT system usage  

The complexity of the cancer treatment and the subsequent time pressure, can result in several 

issues for the involved actors, as they do not use the system at hand as intended. This makes it 

accordingly more complex to standardize collaboration and supposedly difficult to ensure a support-

ive IT infrastructure for the human activities, as it is through the human interpretation of systems 

“they see them differently in different hospitals, different in regions and some people start the cancer 

packages at one time and other people start at them at another time” (MD and VP, Int. 5). The 

individual interpretation of how to use the system along with the critical time pressure hereby result 

in the actors using the current IT systems in other ways that was intended “So one of the things is 

that we don’t do it the correct way, but this takes a lot of time for the doctor and he says if I have to 

do this with all the patients we get in, then I do not have time to have patients” (Process Coordinator, 

Int 9), and thereby miss the value from the IT systems.  

To realize the ideal value from a supportive IT platform, a certain level of standardization should be 

constructed into the solution (Porter, 2003), however due to the high complexity and variance in 

human behavior among the activities in the cancer packages it is extremely difficult, as the national 

and cross regional IT office manager in Region Nordjylland postulates “when we implement a cancer 

plan, then it is the same,. However it is far from assumed that the people working with it is doing 

exactly the same, so that is a challenge” (Head of Office, Int. 16)12. With the speed at which systems 

are changing and developing, an issue arises concerning human adaptability as it takes time to 

organise a new system, especially getting the users to follow along. It is important because re-

sistance from users to accept the IT solution and use it the right way will consequently reducing its 

value and thereby likely to ruin the chances of its success (Head of Office, Int. 16). The argument of 

standardization thus support the notion of utilizing the system in a better way.  

 

  

                                                

 

12 Original quote; “når vi indføre et kræftpakkeforløb, så er det jo ens kan man sige. Og det er jo ikke sikkert at de mennesker der arbejder med det gør det 

ens, så det er også en udfordring jo” (Head of Office, Int. 16) 
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4.2.2 Theme Two: Barriers 

The second overarching theme is barriers which relate to challenges that either prevents or compli-

cates potential solutions to issues. The barriers could mainly be described through three elements, 

the complex IT landscape, the conservative approach to innovation and the privacy necessary when 

working with health care data. These three elements will now in turn be described: 

 

Figure 27 - Barriers 

Complex IT landscape 

An overarching theme of challenges is that of a highly complex IT landscape that surrounds the 

cancer packages. The challenges comprising the complex IT landscape is the combination of many 

different systems in which some are categorized as legacy systems, and an IT infrastructure which 

can cause limited flexibility and high costs. In the Danish healthcare sector we have for many years 

been on the forefront in regards to IT and therefore have a long history of IT systems, which today 

can be categorized as legacy systems (Head of Office, Int. 16).  

The system comprising the IT infrastructure works rather well despite ”an older infrastructure… it is 

not state of the top modern, but it is there” (Head of Department, Int. 17)13, and in comparison on an 

international level, the Danish healthcare IT infrastructure is recognized on the highest international 

level as a result of our early start and experience of using IT for healthcare (Head of Office, Int. 16; 

Senior strategist and special advisor, Int 15; (MD and VP, Int. 5). The challenge related to these 

different legacy systems is that they have been developed continuously in very different ways as IT 

was gradually introduced more and more (Head of Office, Int. 16), and thereby lack consistency and 

standardization that complicates the task of meeting contemporary needs for adequately data shar-

ing. As so, the challenge of the complex IT landscape impede the management and development 

because “it is so large and it is more and more stuck together, we cannot sit here in the regions and 

just don't care what is happening in the digitalisation government entities or the municipalities be-

cause they are stuck together. So that is why it is hard to control our entire system and it requires a 

                                                

 

13 Original quote; ”en lidt ældre infrastruktur… den ikke er topmoderne, men den er der” (Head of Department, Int. 17) 
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lot of collaboration” (Head of Office, Int. 16)14. Due to the inadequate of system integration, the dis-

integrated IT systems results in a siloed IT infrastructure which historically have been a main chal-

lenge for the involved actors in the cancer packages. 

 

As noted earlier this have resulted in many different systems that are “completely dispersed from 

each other” (Client Technical Advisor, Int. 4), which cause significant challenges as the inability of 

cohesive integration consequently result in issues when a patient “switch between the actors in the 

healthcare system…It goes completely wrong. They screw it up completely” (Client Technical Advi-

sor, Int. 4). This statements resonates well and is highly relevant for the challenges observed in the 

cancer packages. From an IT perspective this furthermore indicate an issue regarding siloed IT in-

frastructure which is essential since it prohibit value creation which potentially could be realized with 

a cohesive integrated IT infrastructure since “value are created when you work across these silos” 

(Consultant, Int 13), however in the context of the cancer packages and the Danish healthcare sys-

tem, actors “are not allowed to share the information outside of your silo” (Consultant, Int 13) which 

indicate a general legal issue inhibiting further advancement. 

 

Conservative approach to innovation 

Addressing how to engage the complex IT landscape in the best way is vital in the pursuit of a more 

innovative, agile and supportive IT infrastructure, but in the context of healthcare and the cancer 

plans this mission is intricate to initiate. The reason is because there is no space for system down-

time “our production environment must be running 100% of the time” (Head of Office, Int. 16)15, which 

is almost unavoidable in the roll-out phase of new significant IT systems with new integrations. This 

a challenge since critical system down-time result in high cost and most often panic, and even more 

so for the healthcare sector it can have fatal consequences. As so it requires a conservative ap-

proach to IT development in the healthcare sector, which lead to the question of “How can we be 

innovative while we are working with a large operations system that needs to run, where should we 

take care?” (Head of Office, Int. 16)16. The ambition and goal hence translate into the capability to 

utilize new promising technologies by “get our infrastructure modernised and get rid of some of that 

                                                

 

14
 Original quote; “det er så stort og det hænger mere og mere sammen, vi kan jo heller ikke sidde her i regionerne og bare sige vi er 

ligeglade med hvad der sker over i digitaliserings styrelser, eller ude i kommunerne, fordi det hænger sammen og sådan er det. Så derfor 
er styringen af hele vores system komplekst, det kræver rigtig meget samarbejde omkring det” (Head of Office, Int. 16) 
15 Original quote; ““vores produktionsmiljøer de skal køre 100% hele tiden” (Head of Office, Int. 16) 

16 Original quote; “Hvordan kan vi være innovative samtidig med at vi har et stort operations apparat som bare skal køre, og hvor vi bare 

skal passe på?” (Head of Office, Int. 16) 
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legacy” (Head of Department, Int. 17)17, and thereby de-complicating the IT landscape the cancer 

package is part of (Head of Department, Int. 17). 

 

Privacy  

An essential obscuring challenge to establish an enabling IT platform is the legal frameworks for 

data sharing surrounding the cancer packages and the healthcare sector. The issue hereof is ex-

tremely critical as the healthcare system is extremely dependent on sharing data (Head of Danish 

Health Data Authority Department, Int 12), as doctors and hospitals need to know relevant infor-

mation about the patient’s history of illness, medication, operations and so forth throughout the cycle 

of care to improve their decisions in relation to determining accurate indicators for cancer. The laws 

are currently prohibiting more flexible data sharing due to the rather comprehensive data privacy 

regulation, as much of the patient relevant data is classified as such (Head of Danish Health Data 

Authority Department, Int 12). The risk of becoming over sensitive can hamper the previously noted 

need for vast data sharing in a healthcare context.  

Additionally, the cultural opinion about data privacy emphasizes that “As long as I am healthy, I might 

say well I want control, and I want to be the one who says what and where my data can be used. As 

soon as I get ill, my priority change. Then I'd say, use my data do whatever it takes, make me fresh 

and heal me.” (Head of Danish Health Data Authority Department, Int 12). Thus highlights a contro-

versial and to some degree egocentric perspective on data privacy where priorities change as soon 

as you as an individual need critical treatment. Priorities in this regard change and varies across the 

population and a balanced solution is needed “where we can share data for those who are sick and 

need it, but we can also protect data of course, for all citizens” (Head of Danish Health Data Authority 

Department, Int 12). However when doing so it is vital our ambition for data privacy doesn’t hamper 

our ability to treat patients (MD and VP, Int. 5). 

Due to the current legal frameworks for privacy, data sharing across and in-between actors in the 

healthcare system is confined by limiting legal boundaries (Head of Danish Health Data Authority 

Department, Int 12), and moreover impose a constraining effect on the IT development for improving 

here on. The current legal frameworks are though in place to serve and “protect the human rights, 

individual rights of citizen” (Head of Danish Health Data Authority Department, Int 12) and a perfect 

world is always a utopian dream. However the noted balance is necessary between privacy of pa-

tients data in relation to data flexibility for efficient and optimal treatment, where focus currently have 

been on the former as a result of “people working with the legal part of it has been more focused on 

                                                

 

17 Original quote; “få moderniseret vores infrastrukturen og få noget legacy væk” (Head of Department, Int. 17) 
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finding what's not possible instead of finding what's possible.” (MD and VP, Int. 5), and hence have 

applied a more restricting than enabling perspective on data sharing consequently hindering the 

further development of a valuable and supportive IT system. 

 

4.2.3 Insights generated through the thematic analysis 

The thematic analysis identified two main themes in relation to challenges in the cancer treatment 

process, the problems that compromise the actors ability to perform the activity as intended, and the 

barriers that hinders potential solutions. The challenges manifest themselves in missing data access 

and a lack of communication between the involved actors. Furthermore the fact that the IT system 

was not built to specifically support this process impedes the overall efficiency of the system and 

complicates it to a degree in which the functionality is underutilized. The barriers can be seen as the 

complex IT landscape in which this process operates, the strict privacy regulations that must be 

upheld taken the nature of the data into consideration as well the overall cautious approach when it 

comes to engaging in new initiatives. Having a clearer understanding of the root causes for ineffi-

ciency in the IT infrastructure of the cancer plans,  enable us to further examine changes that could 

alleviate them. 
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4.3 Desirable Changes 

What has become evident through the thematic analysis and the subsequent division of themes 

between problems and barriers, is that a multitude of challenges exists when it comes to the cancer 

treatment process. It becomes clear that when dealing with the cancer treatment, the IT architecture 

supporting this process is by no means designed with the purpose of this specific process in mind, 

but serves a much more general purpose. By having the cancer treatment process built on top of the 

existing healthcare IT architecture, which by no means entailed the functionality to handle this type 

of process, result in many of the problems and complications. While this type of structural setup in 

itself results in several errors, it also causes the cancer treatment process to inherit the overarching 

issues from the system on which it is built.  

This does subsequently mean that in order to explain changes that would ease the problems, it is 

necessary for the change to address the challenge on the level they originate. The distinction be-

tween where the different problems originate is rather difficult to pinpoint, which is why we will utilize 

the common three-tier architecture model, as when looking at large and complex IT architectures, it 

is beneficial to divide such into simpler elements (Microsoft, 2018). The fundamental framework en-

ables this by dividing the IT architecture into three layers, as it helps design a conceptual model of 

the logical layers of the architecture at hand (IBM, 2018 & Microsoft, 2018). Even though the termi-

nology varies, the underlying division and the respective descriptions stays the same. These include:  

● Presentation layer: In this layer data is presented to the user, as well as the opportunity to 

manipulate or enter data.  

● Application layer: This is where the processes manage the business logic of a application 

at hand, while simultaneously is where most processing work occurs. 

● Infrastructure layer: The third layer is where data is stored usually in a database or per-

manent storage (IBM, 2018, Microsoft 2018). 

The relation between the different issues previously described and how they related to the different 

layers of the three-tier architectural model is illustrated in the figure below.  

Figure 28 - Architectural layers 
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The following section will in this manner delve into the distinction between which challenges are 

specifically related to the respective layer of the architecture, while furthermore relate these to the 

strategic objective of both the cancer treatment and the digital strategy for danish healthcare. This 

is done partially to validate their relevance, but primarily to introduce an initial idea of changes that 

entail the potential to mitigate the identified issues. The different layers and the respective challenges 

and changes will be presented starting with the infrastructure layer, then the application layer and 

lastly the presentation layer. This is done to enable a more sequential presentation of the issues, as 

the respective tiers builds upon each other starting from with the infrastructure layer as the founda-

tion.  

 

4.3.1 Infrastructure layer issues 

Examining the issues related to the data tier, which include the issues directly associated with col-

lection of databases found in the IT architecture of the cancer treatment process. These include the 

Complex IT landscape, Data access, Data availability, Data duplication and Conservative approach 

to innovation. The challenges comprising the complex IT landscape is the combination of many dif-

ferent systems in which often are categorized as legacy systems, and a silo IT infrastructure which 

causes limited flexibility and high costs. The consequence of the combination of the rigid and re-

stricting legacy systems in combination with new but skewed IT systems eventually result in lacking 

functionality for the highly complex process from an IT standpoint. The current data layer does fur-

thermore restrict the access to actors which occasionally need to have access while it furthermore 

does not support a demand-driven sharing of information and occasionally result in duplication of 

information stored different places. Finally the uptime of the data tier is critical as down-time in the 

healthcare sector can have fatal consequence for patients, which subsequently result in a reluctancy 

for radical changes. What is proposed to reduce the experienced issues related to the data tier, can 

be summarized into three changes, which in turn subsequently will be presented more in depth: 

● Moving towards a demand-driven data delivery system to ease issues related to data avail-

ability 

● Enhance the access for fringe actors to ensure data access for all relevant actors  

● Creating a simplified base for future application thereby mitigating the dependency and 

complexity of the legacy systems 
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Demand driven data delivery system  

To provide the optimal treatment for the patient within the healthcare system it is essential for the 

involved actors to be able to share their knowledge about the respective patient (SUM, 2018). As 

evident in the thematic analysis, the current IT setup does not support demand-driven data sharing, 

and resorts to letter-based (MedCom) data sharing, resulting in actors not having the data they need 

available at the time in which they need it. The strategic vision however, is to provide an easily 

accessible overview of the patient's information for the healthcare professionals involved in a specific 

task, as having information close to hand is a necessity for easier workday (SUM, 2018). Thereby 

emphasizing the fact that having the necessary information close to hand, is not entirely a standard 

throughout the healthcare sector. This is also evident as change that is specifically underlines is the 

overall focus on evolving “ from a regime where messages are sent between systems to a regime 

where the same information is shared by and accessed directly” (SUM, 2018, p. 36). 

 

Enhanced data access to fringe actors access 

One prominent finding from our analysis was the inherent lack of access to information, preventing 

the involved actors from providing optimum care, as they do not possess the necessary  access to 

the place where the needed information foundation is stored. Actors working within the same depart-

ment mostly have the access they need, the issues arise when coordinating efforts across different 

entities involved fringe actors. This means that the overall coherence of the different efforts per-

formed by the healthcare sector has been to be enhanced , in order to provide better care for the 

patient(SUM, 2018) e.g. that relevant information about a patient should be available to the munici-

palities when the patient comes back for rehabilitation. Therefor a key objective is to ensure that 

actors “ can quickly and easily access information about the patient in order to provide care and 

treatment” (SUM, 2018 p. 32). It is however important to notice privacy and security concerns corre-

sponding with the nature of the information that is shared, and hence have applied a more restricting 

than enabling perspective on data sharing consequently hindering the further development of a val-

uable and supportive IT system. 

 

Simplified base for future applications  

One of the focal points found in the digital strategy is the goal of developing a sets of standards that 

ultimately will enable a cohesive data and IT architecture for the entire healthcare sector(SUM, 

2018). Creating a standardized and simplified base for future applications would solve the issues 

with legacy systems specifically highlighted through the thematic analysis, as the current setup is 

characterized by the siloed IT infrastructure which consisting of multitude more or less intercon-

nected system, all lacking standards and consistency. The presence of this prohibits the creation of 
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value, as the value is created working across these silos. The digital strategy states “work must lead 

to the infrastructure more closely resembling a genuine ecosystem based on openness and flexibil-

ity, which the segments across the health system can draw on and contribute to in line with common 

rules of play” (SUM, 2018, p. 74), thereby underlining the need for a simplified base for future appli-

cations.  

 

4.3.2 Application layer issues 

Following the infrastructure layer issues, the application layer issues are the ones that to some de-

gree are affiliated with the processes. These consists of IT system not built for cancer treatment, 

Complex treatment process, Communication and Lack of IT system functionality. The fact that the 

IT system originally was not built for cancer treatment, result in a slightly more fragmented overall 

process, and does furthermore also inhibit the ability to facilitate the inherent needs apparent through 

the complexity of the process, which becomes evident in the lack of functionality. Another issue 

related to the application is the break in communication that happens when responsibility shifts, e.g. 

in the transfer from hospital back to the GP or municipality. The challenges that are particularly 

prominent within the cancer treatment process related to application could potentially be mitigated 

through two different changes: 

● Applications that supports the treatment in the best possible way, thereby ensures a high 

and consistent quality of the cancer treatment. 

● Establish a clear process that ensures handover of tasks and responsibilities throughout 

the process.  

 

Applications that are designed to support the treatment 

According to the Danish ministry of health, one paramount ambition is that cancer patient is sup-

posed to experience a high quality and uniform treatment process. The overall objective of introduc-

ing the previous cancer packages (version 1-3), has been to ensure quick diagnosis and treatment, 

which successfully has been achieved. However the high complexity of the process cause the num-

ber of cancer treatments completed within the prescribed time to be less than the goal of 90% (SUM, 

2016). A contributing factor to the subpar performance of the cancer packages is undoubtedly the 

high complexity of the overall process, and the difficulties to encompass this in a standardized form 

that effectively enables a streamlined performance to ensure the delivery within the given timeframe. 

This does subsequently also result in actors not following the predefined steps or use IT as intended, 

as they otherwise cannot comply with the fixed time limit (Process Coordinator, Int 9). The danish 

ministry of health postulates the necessity to use data better regarding the specific treatment across 

sector on a patient specific basis to establish a holistic perspective on the treatment. One key 
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element to achieve this is to establish a better data foundation, thereby to increase the uniformity 

and coherence of the individual cancer treatment, as the data is a key prerequisite for the quality of 

respectively treatment and the overall process (SUM, 2016).  Moreover does the strategic plan un-

derpin the need for using data-driven technologies for automation, prediction and decision support 

and thereby providing better treatment and care (SUM, 2018). Building applications on top of the 

previously simplified base, enables the creation of applications that are designed to facilitate the 

execution of cancer treatment, thus encompass the wanted functionality and can handle the com-

plexity of the process.  

 

Handover task: 

The digital health strategy highlights the need for unified patient overview, where information regard-

ing care and treatment is shared through the national IT infrastructure (SUM, 2018). This strategic 

initiative align well with the problem identified with the lack of ability to follow up on specific patients 

once they leave the actors jurisdiction, as well as solve the issues with the cut in communication that 

occasionally happen when a patients moves from actor to actor, which ultimately can result in crucial 

information not been forwarded.  This is key as throughout the the entire process of cancer treatment, 

from the initial suspicion, throughout the diagnosis and treatment until completion, the respective 

patient is involved with a multitude of different areas of the healthcare system, hospital, general 

practitioners and the municipality.  

 

4.3.3 Presentation tier issues 

Several issues identified can be related to the presentation layer, specifically the Missing process 

overview, IT not used as intended and Unintelligent patient involvement, as these issues are a result 

of the way in which the involved actors interact with the application. That the GP’s after referring the 

patient to a hospital are unaware of how far in the process the patient is (GP, Int. 6), is a sign of a 

missing functionality in the system, as the information about the status is available through Sundhed-

splatformen, however there exists no convenient way to view it. Similarly can the fact that different 

human interpretation of the system result in varying and often wrongful or missing use of the system 

at hand be attributable to an suboptimal presentation layer. Furthermore does the presentation tier 

present inconclusive test result to the patient which they do not understand, thus informing them 

before they get the diagnosis of the doctors. A changes that entail the potential to alleviate these 

challenges is to create an interface that are designed to fit the activities of the actors, thereby ensur-

ing that they use it as intended, which furthermore should entail a complete overview of the patient’s 

care process 
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Accommodate varying needs 

One key element is that different actors have different needs when it comes to what is presented to 

them, which is why it is important to establish a solution that encompasses these varying needs while 

subsequently still prevent information overload. The overload of data experienced by the involved 

actors plays directly into this objective, as even though the data is present, it is a time consuming 

and tedious task to sort through the vast quantity of irrelevant information to identify the important 

information, which are necessary to establish the comprehensive understanding of the specific case 

that is necessary to ensure the correct treatment (SUM, 2018). One of their specific focal points is 

the digital workflow and communication between healthcare actors across the sector, which points 

towards the increasing volumes of information arriving in the doctor’s inbox, resulting in important 

information easily being overlooked, which hinders the coherence in treatment (SUM, 2018). On the 

other hand would implement a more complete overview provide a more coherent treatment between 

GPs, specialists, municipal care providers and hospital, as well as ensure well-informed decisions 

regarding the patient and better follow up on cancer programs, as it both gives patients and their 

general practitioners a better overview of the status of their participation in various programs (SUM, 

2018). Furthermore it could be used to directly address the unintelligent patient involvement identi-

fied in the thematic analysis. The patient are left out of the loop throughout the diagnosis process, 

while then being able to see information intended for the personnel, emphasizing the necessity for a 

better performance in this regard, which is why a consolidated overview over the efforts and objec-

tives and results across the different entities they interact with is needed(SUM, 2016). 

4.3.4 Issues in the different architectural layers 

In this section the different challenges linked to the architectural layer from which they originate. By 

doing so it was possible to bring forth changes that could alleviate the respective challenges more 

precisely. To solve the challenges related to the infrastructure layer it is proposed to moving towards 

a demand-driven data delivery system, enhance the access for fringe actors to ensure data access 

for all relevant actors and creating a simplified underlying infrastructure. Solving the issues originat-

ing from the application layers do subsequently require redesigning the applications to support the 

process by encompassing its complexity and introducing currently missing functionality. A better 

process support would ensures a high and consistent quality of the cancer treatment, thus ultimately 

lessen the challenges respective for the architecture layer. Finally a better data presentation is nec-

essary to avoid information overload by the different actors as well as to provide better overview of 

the patient's care cycle. Therefor by accommodating the different actor’s needs, it would be possi-

bility to solve the issues related to the presentation layer. The following section will thus delve into 

these proposed solution to investigate how blockchain technology can be leveraged to achieve the 

desired results  
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5 Blockchain & healthcare case handling 

This section will delve into the effect of blockchain technology in a healthcare case handling context, 

which we aims to do through three elements. Initially we set out to explore the relation between the 

identified changes related to the infrastructure layer of the cancer treatment and blockchain technol-

ogy, the effects hereof will then be contextualized in the IT value framework. The same process will 

hereafter be repeated for the changes related to the application layer. Hereafter we will address the 

findings from a value-based healthcare perspective to assess how the effects of blockchain generate 

value for cancer treatment. Finally, the section will transit from case handling in a cancer treatment 

context, to case handling on a general healthcare context, in order to demonstrate the argued effect 

on a higher abstraction level. To assess how blockchain can alleviate the experienced challenges 

and ultimately create value for cancer treatment, the following section will delve into the potential 

effect of blockchain technology on the challenges identified through the preceding analysis. The 

challenges and the corresponding changes will now in turn be combined with the clarified benefits 

of blockchain from the literature review, and then merge into an analysis of the potential effect of 

blockchain and how it conceptually can create value for cancer treatment. Current blockchain solu-

tions for similar issues will serve as a point of departure, and enable us to investigate and contextu-

alize how the specific benefits of the technology can be leveraged to solve the issues at hand. The 

wheel of blockchain benefits from chapter 2 will be used as a tool to visually display which benefits 

of blockchain that is being leveraged in the specific scenario. The effects will in turn be presented 

through the framework for assessing business value of IT, to concretize the impact and thereby 

highlight the actual business value of the respective change.  

 

As identified through the preceding analysis, the issues in cancer treatment emanate from various 

sources but can be related to the three different architectural tiers. The correlation between the three 

tier architectural model and the blockchain architecture provides a natural structure for the subse-

quent presentation of the effects, as evident in figure 32. The benefits of blockchain are related to 

the infrastructure and application layer, and will constitute the two following sections.  
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5.1 The effect of blockchain on the infrastructure layer 

As the evidence from the thematic analysis suggest, several complications and inefficiencies related 

to the IT infrastructure supporting cancer treatment is a result of the infrastructure layer on which it 

is built. Solving these issue for cancer treatment does therefore necessitate solving the underlying 

issues, and thereby ensuring the IT infrastructure supports the process as intended. This section will 

accordingly describe how blockchain technology can be utilized as the underlying system for infor-

mation for data management and data sharing between the involved actors, and how this can miti-

gate the currently experienced issues. 

 

5.1.1 Blockchain as the fundamental infrastructure 

Looking at the range of problems related to the legacy infrastructure in Danish healthcare, the lack 

of interoperability between the multitude of systems used in the healthcare sector is evident, as 

processes rely on human action to facilitate data transfers between them (Process Coordinator, Int 

9). This takes up time and can be prone to errors as the data is transferred from one system to 

another e.g. do the internal systems of a hospitals not share data with the external system, while 

further addons deteriorate the collaboration between actors even further (Head of office, Int. 16). In 

short, the current infrastructure is severely fragmented outside of the hospital boundaries, which 

makes it insufficient for the instantaneous data needs for the modern user.  The problem is illustrated 

in figure 30 below. 

Figure 29 - Blockchain layer (Glaser, 2017) 
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Blockchain technology could provide a solution to this challenge, as an alternative database struc-

ture spanning the entire process for cancer treatment to ensure an efficient involvement of the par-

ticipating actors (Fig 31). This could take form as a blockchain based Electronic Health Record (here-

inafter referred to as EHR) that would comprise a shared database across the entire network of 

involved actors. What became evident through the initial narrative literature review regarding block-

chain use cases in healthcare, was that a blockchain solution to share medical information in some 

variety is highlighted as one of the key use cases for blockchain in healthcare by a majority of con-

sultancies e.g. IBM, CapGemini, EY, PwC & Deloitte, while several blockchain startups are working 

on similar initiatives such as IPatientory, BurstIQ, HealthHeart, HashedHealth, Medicalchain and 

MIT’s MedRec (Appendix 3). This idea is attractive as it enables patients and medical professionals 

alike to work with immutable and reliable data (MedRec, 2016). To mitigate the issues experienced 

in cancer treatment, a scaled down solution of the EHR would be applicable that involves all the 

participating actors within the process. As so, the idea is to support cancer treatment with a EHR as 

the underlying database structure for managing data and processes in an efficient and secure way 

for cancer treatment. Blockchain would in this scenario be used for the infrastructure layer in the 

form of a database between all involved actors in the process, and store the relevant information 

about the patients. The inherent benefits of the technology provide the potential to solve the other-

wise prominent issues in cancer treatment. This section will introduce examples of how blockchain 

technology as a distributed database for cancer treatment can ease the various issues. These in-

cludes leveraging blockchain as an underlying IT infrastructure for data management to:  

1. Enable demand driven data delivery 

2. Provide enhanced data access to fringe actors 

3. Enhance data quality 

4. Simplified base for future applications 

Figure 31 - Infrastructure AS-IS Figure 30 - Infrastructure TO-BE 
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5.1.2 Demand driven data delivery 

The correct data available at the right times is a crucial pre-

requisite for delivering good and correct treatment throughout 

the entire healthcare sector. Delving into cancer treatment this 

seem to work impeccable when information is transferred 

within the individual hospital boundaries, however once infor-

mation is needed from actors who are not within the hospital 

boundaries, issues tend to occur. Not only does the data need 

to be available but it also needs to be the correct data in line 

with reality, which means that actors occasionally do not have 

the necessary a clear image of the current and past reality.  

The inherent audability as a design feature of how blockchain 

works, provide a clear immutable view into the historical past of data. The idea of increased trans-

parency in the distributed database would make it possible for GP’s to follow their patient through 

the whole treatment process of their cancer, despite if the patient received treatment from multiple 

regions, hospitals or departments. This is enabled through the EHR that upholds a continuously 

updated data record, allowing the GP to see at all time what treatment and procedure that had been 

performed, and thereby stay informed of the current status and be prepared for when the patient 

returns to the GP after the cancer treatment (HealthITanalytics, 2017). Solving the issue of missing 

transparency in cancer treatment, mitigate one of the key issue that leads to a fragmented process, 

as without this transparency between actors the risk or missing important information that could 

influence the lives of the patient exist. Subsequently does a blockchain based EHR enable the infor-

mation stored in the system to correspond to what is being represented in reality (Ølnes, 2017), as 

information between the actors exchange with no intermediaries (Fairfield J. 2014) due to its disin-

termediated nature. This means that not only is information available to all the relevant actors, it is 

available almost instantaneously as it is entered in the system. Thus the EHR enable a demand-

driven setup that were expressed through our interviews as highly desirable in relation to data shar-

ing, as it replaces current letter-based MedCom data sharing. 

Figure 32 - Demand driven data delivery 
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5.1.3 Providing enhanced data access to fringe actors 

The current IT system have built in boundaries and bar-

riers that prohibit optimal value to be captured, meaning 

that fringe actors such as the municipalities or special-

ized doctors do not have access to the necessary sys-

tems to see relevant information about the patient. The 

EHR solution utilize the blockchain benefit of auditability 

to enable the relevant actors to access the medical his-

tory of the patient. This allow the actor to identify histor-

ical patient information that might assist the actor in their 

treatment of cancer. A public or permissionless based 

EHR solution for storing all medical information of all pa-

tients and available to all actors would for obvious pri-

vacy and legal reasons not be a feasible. In contrast, a 

private or permissioned based EHR would enable the Ministry of Health to control and manage the 

access to specific data for specific actors.  

In contrast to traditional centralised IT solutions, the data access in the EHR solution would be con-

trolled via the cryptographic capabilities embedded in blockchain technology. The permissioned EHR 

network would accommodate multiple layers of permissions that should be specified to individual 

actors, which subsequently mean that the Ministry of Health would have the ability through the EHR 

to control and specify what elements of a patient's data the different actors should have access to 

and can see (HyperLedger Fabric, 2018). For cancer treatment this would enable a better and 

smooth involvement of fringe actors, by giving them access only to the relevant information to per-

form for their job, while other assumable sensitive patient information would be excluded. Ultimately 

this would secure a more coherent treatment process for patient and higher quality of treatment. This 

could in a simplified way take form as following: 

 

Figure 34 - permission example 

As exemplified in the table above data access could be specified in the EHR depending on the actor's 

function, thus allowing fringe actors to be included to secure a coherent and well informed treatment 

process. One might imagine the actors involved with cancer treatment as a group where each 

Figure 33 - Providing enhanced data access to 
fringe actors 
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operate a node and of which a few of the of other actors must sign every block in order for the block 

to be valid (Buterin, 2013) While specifying their permission to be able to Read the data, their per-

mission could be restricted not to include any write permission and thereby secure the sensitive 

patient data. This would be secured as a subsequent result of the audibility and immutable benefits 

of blockchain would restrict any from tampering with the data since they would be exposed within 

the data ledger. The EHR for permissioned data management would support cancer treatment par-

ticularly well, as previously elaborated the treatment process involve many actors assigned different 

roles and functions. The EHR would thereby ensure the relevant actor with appropriate permissioned 

access to data that is necessary for them to perform their respective responsibilities.   

 

5.1.4 Enhancing data quality 

Utilizing blockchain as the underlying mechanism for data 

sharing between the involved actors have several indirect 

benefits when it comes to quality of the data, which at first 

glance does not solve any direct challenges in cancer treat-

ment but are an effect of the technology. These effects in-

volve an increase in data quality due to the inherent data au-

thenticity and integrity as a result of the auditability, immuta-

bility and transparency of using blockchain as the mecha-

nism for managing data.   

From the thematic analysis we identified data duplication as 

an issue that often and regularly occurred. The EHR solution 

would ensure that data duplication would be less of a risk in the system as the technology only allow 

for one truth of information (Gerstl, David S. 2016;Cucurull & Puiggalí, 2016), meaning all actors 

view the same data and if permissioned write new data in the same place. Thereby the EHR avoid 

the challenge of merging information from a fragmented IT infrastructure of siloed databases, which 

could store their own data records in varying standards and when merged cause complications. In 

practice we would assume the EHR would involve an application interface that focus on different 

data points for patients depending on the specific actor, but the data would still be retrieved from the 

underlying data layer built with the EHR. This would lessen the impact of duplication as “blockchain 

supports seamless information sharing that can eliminate duplication, errors and inconsistencies that 

can arise with traditional, centralized data storage” (Cap Gemini, xxxx). Thereby the EHR would 

create value by being able to address and remove the need for creating multiple inputs of the same 

data, since data would be synchronized across the ledger and thereby across all involved actors. 

Figure 35 - Enhanced data quality 
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This form of disintermediation would eliminate the risk of conflicting databases, since only a single 

true ledger for data management would be needed.  

 

5.1.5 Simplified base for future applications 

The continuous incremental advancements of IT systems that today constitute the complex IT infra-

structure supporting cancer treatment, complicates the development of new IT functionality since the 

new IT solutions needs to to be integrated with the already established and highly complex infra-

structure (Head of Office, Int. 16). The proposed idea of an EHR built on blockchain unify the nec-

essary information for cancer treatment in one ledger, and thereby eliminate the interoperability is-

sues as well as reduce the complexity as it establishes one common data repository. The implemen-

tation of an EHR would potentially alleviate a range of issues currently characterized in the system. 

This would be a result of the enforcement of a new data standard by the EHR that would comprise 

the entire IT infrastructure instead of different actors having different data standards that needs to 

be integrated together. Moreover, the current IT systems was not developed with the purpose of 

directly supporting cancer treatment, but added as extension to the existing IT systems (MD and VP, 

Int. 5). The EHR would ensure consistency among the IT systems and uniformity that would allow 

for easier implementation and development of new IT functionalities as technical extensions, since 

there would no longer be conflicting standards to consider.  

 

5.1.6 Value Framework for blockchain on the infrastructure layer 

In the previous section we outlined the effects on the infrastructure layer when applying the block-

chain benefits conceptualized in an EHR. We will now attempt to translate and explain these effects 

as business value derived from IT through the value framework. The effects described above results 

in value creation within the informational and transformational dimensions. 

  

Effects from the Informational dimensions 

Blockchain result in first-order effects within the informational dimension and create value for man-

agement processes within cancer treatment. The first-order effect is derived from the blockchain 

benefits of 1) Auditability, transparency, immutability, and efficiency through disintermediation; 2) 

Data quality with the inherent data integrity and data authenticity. 

1) Auditability – immutability, transparency, efficiency through disintermediation 

Through the inherent benefits of Auditability – immutability, transparency, efficiency through disin-

termediation blockchain create value through first-order informational effects, as a result of the per-

missioned nature of the EHR. This enable the Ministry of Health to better control and manage the 

various levels of access and permissions of appropriate actors to specific data. Furthermore, the 

first-order effect appears in the form of better data management due to the multiple layers of 
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permissions that would enable a better and smooth involvement of fringe actors, which for cancer 

patients secure a more coherent treatment process and higher quality of treatment. 

Additionally, cancer treatment would experience value creation from the informational first-order ef-

fects of blockchain, stemming from the enabled functionality to ensure the relevant actors have ac-

cess and permission to the medical history of the patient. This would culminate in a more coherent 

treatment process for patients as all the relevant actors, including fringe actors, would have access 

to the EHR with the relevant information about the patient. Consequently, the actors involved with 

cancer treatment would have a better basis for decision making due to the increased data availability 

that would lead to higher quality of treatment. Following the improved decision making due to better 

data availability, the informational effects is intensified by ensuring the data is available at the right 

time which is paramount for delivering good quality treatment to cancer patients. Thereby value is 

created through the EHR that enable a demand-driven setup where data is made available in a timely 

and correct manner, as a result of blockchain technology that ensure information is available imme-

diately as it is entered in the system, thus effectively disintermediation the current siloed IT systems. 

2)   Data Quality – data authenticity, data integrity from Auditability – immutability, trans-

parency. 

The final value creating informational effect of blockchain in cancer treatment is the effect of im-

proved data quality. The  blockchain based EHR indirectly improves the data quality, data integrity 

and data authenticity, caused by the inherent auditability, immutability and transparency of using 

blockchain as the mechanism for data management. The EHR solution would thereby tackle the 

issue and reduce the risk of data duplication in the system as previously described. By avoiding 

duplication of data, the effect on the informational dimension will increase as the current informa-

tional irregularity resulting in conflicting information is avoided. 

  

Effect from the transformational dimensions 

Blockchain result in second-order effects within the transformational dimension and create value for 

management processes. The second-order effects is not directly derived from any specific block-

chain benefit but from the interconnection of multiple of the blockchain benefits. 

The second-order transformational effect resides in the possibility for easier implementation and 

development of new IT functionalities and extensions, due to blockchain as the underlying and sim-

plified mechanism for managing data and processes in an efficient and secure way. The transforma-

tional effect is made possible as blockchain unify the necessary information for cancer treatment in 

one place, and thereby eliminate the interoperability issues identified, as well as reduce the com-

plexity of the IT infrastructure as it establishes one common data repository for managing data. This 

is argued to create value for the management processes, as it enables redesign of organizational 
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structures where business value arises in the form of simplified IT infrastructure. Consequently, this 

allow for enhanced IT development and product improvements which in this context is process for 

cancer treatment. 

 

Figure 36 - Value framework for infrastructure layer 

5.2 Effect of blockchain on the application layer 

The value creating effect of blockchain at the application layer will now in turn be explained, as these 

indirectly builds on top of the infrastructure established by the EHR. Blockchain is by no means a 

magic solution that will solve everything overnight, however some of the characteristics and benefits 

of the technology can be leveraged to potentially enable an either direct or indirect mitigating effect 

to some of these challenges found within the application layer. One particular interesting element 

when it comes to the application layer, is the previously mentioned second-order transformational 

effect of the EHR. This effect enables an easier implementation and development of new IT func-

tionalities and extensions, by functioning as a simplified base for future applications. This aspect is 

particularly appealing, as the key challenges within the application layer was that the IT system 

originally was not designed to support cancer treatment, which subsequently prevented it from en-

compassing the complexity of the treatment as well as resulted in reduced functionality. Several 

initiatives have been launched in an attempt to encompass the high complexity and ensure the 

needed functionality, mainly by extending the legacy systems with addons introducing new function-

alities over the years. However these “different addons rarely collaborate and often creates a less 

than optimal infrastructure” (Head of Office, Int. 16)18, and does therefore not support contemporary 

workflow procedures as required in the treatment (Head of Office, Int. 16). Having a unified EHR as 

the underlying infrastructure with established standards that subsequently enable a cohesive data 

                                                

 

18
 Original Quote; det er jo det at vi har løst koblede systemer sammen som giver en vis kompleksitet" (Head of Office, Int. 16) 
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and IT architecture, does therefore presents a unique opportunity to introduce new applications that 

better support cancer treatment and comprehend the inherent complexity in the treatment process. 

Blockchain technology enable the development of such applications referred to as decentralized 

applications, and thereby poses the ability to ensure a high and consistent quality of cancer treat-

ment. This will now be elaborated in the following sections.   

 

5.2.1 Decentralized Applications (ÐApps)  

A ÐApp consists of two elements, the first being the presenta-

tion layer that comprise the interface the user of the ÐApp in-

teracts with, and secondly the backend at application layer. At 

a glance the difference between a traditional application and 

the ÐApp might not be obvious, but the difference is due to the 

backend of the ÐApp. The backend of the ÐApp is connected 

to the blockchain on the infrastructure layer, and for this rea-

son the ÐApp achieves the decentralized nature origin from 

the blockchain technology (github.com, 1). However, the 

ÐApps is developed on code separated from the blockchain 

based infrastructure layer, hence enabling the ÐApps to be 

developed to support unique and different needs of specific users, while still being part of the network 

(Glaser, 2017). The unique element in these applications is the use of smart contracts used to con-

nect the application layer with the infrastructure layer, and thereby facilitate the relationship and 

connection between ÐApps and the underlying blockchain (Glaser, 2017), in our case the EHR. A 

smart contract in this context is a brick of logic that can be used for creating a decentralized appli-

cation. The unique value of smart contracts is found within the term “brick of logic”, therefore the 

unfoldment of the term is necessary in order to fathom its implications and potential value creating 

effects. A “brick of logic” refer to the ability of smart contracts to embed programed business logical 

(Glaser, 2017). The programed business logical can represent different market mechanisms, deci-

sion making and provides the ability to facilitate the communication with the network of other ÐApps, 

while exploiting the underlying blockchain technology with all its previously argued benefits in an 

autonomous way (Glaser, 2017). This representation as market mechanisms and decision making 

can take form as the evaluation of data to trigger transactions to other users through other ÐApps, 

and thereby provide opportunities for automating transactions in the network (Kshetri, 2017; Ølnes, 

2016). The automating functionality from smart contracts could thereby be used to implement auton-

omous complex interactions, and for these reasons, contain the potential to improve the overall effi-

ciency within the network of connected ÐApps (Glaser, 2017). ÐApps are connected to the 

Figure 37 - Decentralized application 
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blockchain on the infrastructure layer, and for this reason the ÐApp achieves the decentralized na-

ture origin from the blockchain technology (github.com, 1). This implies that the backend and its 

corresponding logical bricks of code is stored in a network instead of one single place, as in tradi-

tional applications that are centralized on one server. Thereby the ÐApp inherent the benefits of 

blockchain technology such as improved reliability or security, since it is practically impossible and 

expensive to attack such a network due to its decentralized structure (Seebacher, S., & Schüritz, R. 

2017; Ølnes et. al. 2017). Additionally, the ÐApp removes the risk of single-point of failure as it keeps 

continuous up-time ensured by the support of the multiple nodes in the network (Ølnes, et al. 2017; 

Kshetri, 2017). Thereby the ÐApp avoids the risk of server downtime that often characterize tradi-

tional applications. Hence the blockchain technology at the infrastructure layer provide the backbone 

for ÐApps to operate in an efficient, reliable and secure way (Medium #1, 2018).   

 

5.2.2 Contextualize ÐApps in cancer treatment 

Having clarified the conceptual idea of what an ÐApp entails and how it leverages the benefits of 

blockchain, the following section will delve into how ÐApps could materialize in the context of cancer 

treatment.  It will introduce examples to display the value of ÐApps running on the EHR and contex-

tualize their implication in the cancer treatment and how they entail the potential to alleviate some of 

the identified challenges. The challenge has previously been to encompass the complexity of the 

process while subsequently providing the required flexible functionality to meet the needs of the 

different actors and participants. To encompass both the complexity, the functionality and the differ-

ent needs, we will introduce and present three different ÐApps, which respectively address key chal-

lenges identified in cancer treatment while subsequently leverage the blockchain benefits enabled 

through the EHR.  The initial ÐApp (ÐApp #1) is depicted to create value for the actors involved in 

cancer treatment, by introducing the idea of a treatment template that would provide the necessary 

information relevant for the respective actor to perform the given activity, while automating several 

activities in the process. The second ÐApp (ÐApp #2) is aimed towards the patients, to ensure they 

are better involved in the treatment process. The final and third ÐApp (ÐApp #3) is intended for 

Sundhedsdatastyrelsen as a way for them to measure and assess the efficiency of the overall treat-

ment of the disease. The figure below illustrates how the idea of ÐApps with embedded smart con-

tracts at the application layer, on top of the EHR at the infrastructure layer, could operate in the 

context of cancer treatment. 
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The illustration shows the ecosystem of ÐApps that all run on the same underlying blockchain infra-

structure layer. The actors have vastly different roles and perform vastly different procedures, for 

that reason the actors have different needs which require specialized IT functionality. On that ac-

count we would assume each actor to operate within its own ÐApp that support their role and func-

tion, as illustrated in the figure each ÐApp is intended for each user. Even though the actors operate 

in their own specialized ÐApp, they would operate interconnected with the other actors in the network 

as they all run on the underlying EHR through smart contracts. Thereby smart contracts facilitate the 

interconnection between the actors while connecting the actors to the patients data without siloed 

information. The three types of ÐApp will now in turn be elaborated. 

 

  

Figure 38 - ÐApp visualization 



Copenhagen Business School Blockchain in Healthcare joju16ab@student.cbs.dk 
Cand.merc.IT A Case Study of Cancer Treatment         malo15ah@student.cbs.dk 
Master Thesis 15.05.2018                        sini15ai@student.cbs.dk 

Page | 108  

 
 

ÐApp #1 - Automated Treatment Template 

The issue of information overload occurs often in cancer treatment, specifically when a patient trans-

fer between activities performed by different actors with different roles or functions. This is problem-

atic as the following actor that receives the patient needs to establish an overview of the patients 

case to provide the necessary care. The current setup is prone to end in situations where oversharing 

of information obstructs the efficiency of the actors as explained by of the interviewed GP’s, “That 

Ms. Hansen has a wart on her foot and went through a marital crisis last week, does not have any 

major implication on the fact that she has to be operated for colon cancer now.” (GP, Int. 6)19, thereby 

once more underlining the fact that bombarding the decisionmaker with information impedes their 

productivity. To circumvent the trend of information overload, we conceptualize the idea of a ÐApp 

that entails and takes form as an automated treatment template, which consists of two intercon-

nected elements, the treatment template itself and the automated actions associated with it depend-

ing on the input of the preceding activities, each of which now in turn will be elaborated.  

 

Treatment Template  

A cancer treatment template would consist of the key information relevant for the respective actors 

for a given activity, and thereby enable an effective treatment and decision flow as only relevant 

information for its current activity would be available. Staying with the previous analogy of colon 

cancer, the ÐApp would ensure only the relevant information would be available to the department 

that perform the operation for colon cancer, while excluding the other information regarding regular 

problems, marriage crisis and plantar warts. This would liberate actors from sorting through several 

pages of data from the medical journal that include every piece of information that is not relevant for 

the medical decisions about the patient, and in this way separate noise from otherwise highly rele-

vant and needed information. It is important to note that the treatment template would not be in the 

form of a ÐApp itself, but the template would be comprised of interconnected programmed smart 

contracts. The treatment template is then to be understood as a smart contract between the infra-

structure and application layer, facilitating the extraction of the predefined relevant information in 

relation to cancer treatment for the individual actor. At the presentation layer the information would 

be presented to the actors through the customized frontend of the DApp to meet unique demands of 

each actors.  The value creating effects from the cancer treatment template would be most prominent 

in the presentation layer of the ÐApp, as this is where the actors would notice the change. However, 

the effect is only attainable by having predefined the necessary categories of information, which the 

                                                

 

19 Original quote; "At fru hansen var nede med fodvorter forleden og der var en sam livskrise i sidste uge, har næppe den store betydning for hvordan hun 

skal opereres for tarmkræft nu" (GP, Int. 6) 
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ÐApp retrieves from the given categories of information stored on the underlying EHR through a 

smart contracts. A non-technical challenge related to this idea would be to define and establish what 

the relevant information is for each type of cancer. Furthermore these template would also have to 

be done for GP and the municipality, as the activities they perform and the respective information 

varies from the hospital. An additional valuable element of smart contracts is not only the ability to 

manage and control access to information, but to do so with enforced time-based constraints (Rib-

itzky et. al. 2018). The capability to automate can in this sense provide time-based granular access 

to information on the blockchain, where the access would be enabled when specific input or actions 

predefined in the smart contract as the logical brick of the ÐApp. This functionality result in a value 

adding effect as it enable a more flexible and detailed control and management of access to im-

portant information. As noted previously, actors in the cancer treatment need access to specific in-

formation relevant for their activity, but subsequently the actors, e.g. the municipality would only 

need access to specific patient data when they engage and interact with the patient. Hence the time-

based functionality that is possible with smart contracts could secure the municipality’s time-based 

access for the defined period of time of rehabilitation.  

 

Automation 

Cancer treatment is extremely streamlined, and all the activities within the treatment process are 

well defined and described in detail including the predefined actors on a national level which was 

described in section 1.5.2. For that reason smart contracts could be utilized to automate the steps 

in the form of programmed logic and rules as the dependencies of data between the actors is already 

well defined. One example hereof could be when the GP register the suspicion for cancer of a spe-

cific type, then the referral should be automatically sent to the correct department to follow up on the 

suspicion and test the patient for cancer. The smart contract would operate as if a specific actor 

needs a given set of information relevant for the activity at hand. The needed information should be 

set as predefined requirements in the smart contract, and as soon as the predefined input is entered 

from a preceding activity, the patient would be referred to the next actor and accordingly also the 

needed and relevant information. This would subsequently solve the issues that emerge in interac-

tions between GP, hospital and other actors as lacking communication concerning responsibility 

which leaves cancer patients hanging between actors after completing in the transition towards re-

habilitation. The hospital would assign a responsibility request with a reason for a follow up consul-

tation on a shared ledger. The smart contract would trigger once the cancer treatment process code 

is set to end treatment, thus the responsibility for the patient would transfer directly from the hospital 

to the doctor actively ensuring no patient getting lost in between two actors. This means that audita-

bility benefit of blockchain technology can be leveraged, as it enable all involved parties are able to 
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view the status of the process instantly, while through the efficiency aspect can be restricted to only 

show the relevant information to the relevant entities.  

 

ÐApp #2 - Intelligent Patient Involvement 

The second idea of a ÐApp is to implement an application that provide a more complete overview to 

directly address the unintelligent patient involvement identified in the thematic analysis. As the 

backend of the ÐApp is connected to the EHR, means that it is part of the overall treatment process 

while it entails the potential to be programmed to encompass the exact needs of the patient, thereby 

only providing the relevant information and displaying a clear and coherent treatment overview. This 

ÐApp would come with a predefined set of categories of information present in the EHR, which is 

necessary to keep the patient in the loop throughout the entire treatment process. These categories 

would then be extracted from the underlying EHR. This is where the interconnectivity between ÐApps 

and smart contracts comes into play. The unique element of ÐApps that facilitate the connection 

between the application layer and infrastructure layer is the use of smart contracts (Glaser, 2017).  

Not only does it entail the potential to automatically extract the key data from the EHR, it can also 

be utilized to solve the challenges related to unintelligent patient involvement by using the smart 

contract functionality.  Several sources highlight the functionality of smart contracts when it comes 

to streamlining and automating activities (Crosby, M. et al. 2016; Wolfond, G. 2017; Mattila, J., 2016; 

Niranjanamurthy, M. et al. 2018), due to smart contracts ability to “enforce rules and logic that, de-

pendent on the data input, can be automatically triggered and executed if the defined parameters 

are fulfilled (Notheisen B. et al. 2017). The ÐApp could thus exclude the incomprehensible and puz-

zling test results, which occasionally lead to misunderstandings as the patient do not fully understand 

the connotation of the technicalities in the medical terminology.  The results would first become vis-

ible in the patient overview, once the diagnosis is established in the MDT conference, as this could 

be set as a parameter that needs to be fulfilled before a smart contract is automatically triggered and 

executed the communication to the patient. 

 

ÐApp #3 - Performance Measure 

The final idea of a conceptual ÐApp is intended for the Health Data Authority, as they are the ones 

responsible for measuring and assessing the overall efficiency of cancer treatment. On the account 

of the provided high level of auditability from blockchain technology, caused by the complete over-

view of transactions as time-stamped list of blocks that have occured within the network (Weber et 

al., 2016). This enables auditability on a transactional level, meaning that the technology provides a 

complete and transparent overview of the historic record of what, who and when elements of this 

record were altered or accessed (Zyskind et al., 2015). This inherent capability makes the technology 
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well suited for monitoring the involved cases. A consequence of the undoubtedly high complexity in 

cancer treatment, is the challenge to comply with the defined time criteria put forward by the Ministry 

of health. Blockchain in itself neither enable a way to reduce the complexity in the process, nor to 

get around the strict time criteria, but what it does enable is a new way to monitor and keep track of 

the performance of the treatment process. As already touched upon at the infrastructure layer, uti-

lizing blockchain as a way to store data for the process provides several benefits, one of which would 

be the measurability of the performance down to a granular level. In cancer treatment this would 

mean a time-stamped list of changes including detailed information about which actor did a specific 

change. This could be in the form of a changing the specific code that register and inform actors 

about the patient's status in the cancer treatment. Looking at other conceptualized solutions, Weber 

et al. present a blockchain-based solution for collaborative process execution that use blockchain to 

facilitate collaborative processes, which the treatment of cancer to some degree can be considered 

as, through what they describe as choreography monitoring. This revolves around storing “Smart 

contracts check if interactions are conforming to the choreography model. In addition, a choreogra-

phy monitor can be used to manage automated payment points and escrow“ (Weber et al.,  2017 p. 

333). It is important to note that this use of blockchain technology mainly is to facilitate the collabo-

ration between actors that do not trust each other, however it still highlights the applicability of the 

approach as it provides a complete and immutable overview over the process between the involved 

actors, while subsequently enable the monitoring of the contemporary workflow. This provides the 

infrastructure for an atomic quality and consistency assessment, by connecting information retrieved 

from the EHR into the ÐApp. The ÐApp is then able to presents a smooth and real time updated 

overview to the Data Health Authority of the performance of cancer treatment. In doing so leverages 

the inherent auditability of the blockchain technology in combination with smart contracts, to make 

use of the available information to provide a granular performance overview of the time it takes for 

each actor to perform their given activity. This then enable the identification of challenges or hin-

drances in the treatment process, which in turn can be used to define areas for improvement that 

ultimately lead to improved cancer treatment by making better use of data.  
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5.2.3 Value framework for blockchain on the application layer 

To highlight the IT value that can be achieved by utilizing blockchain technology at the application 

layer, the insight present throughout the preceding section will now be presented in the framework 

for assessing IT value. The effects can be seen as a first-order effects in the automation dimension 

as well as first-order effects in the transformational dimension. It is important to emphasize that the 

framework is a generalized framework for the cancer treatment process, the second order effects 

are not included in this framework as the list of second order effects achievable through ÐApps would 

likely be never-ending.  

 

Effects from the Automational Dimension 

Blockchain result in first-order effects within the informational dimension and create value for man-

agement and operational processes within cancer treatment. The first-order effect is derived from 

the blockchain benefits efficiency through automation. Through the inherent benefits of Efficiency – 

automation, blockchain create value through first-order informational effects, as a result of the smart 

contract functionality as it enables automated execution of activities based on predefined outputs, 

thereby making the treatment process more efficient and consistent. 

  

Effect from the Transformational Dimensions 

Blockchain result in first-order effects within the transformational dimension and create value for 

management and operational processes within cancer treatment. The first-order effect is a result of 

the same blockchain benefits as is in the automational dimension, efficiency through automation. 

Since ÐApps are developed with separate code from the blockchain based infrastructure layer, which 

mean that the ÐApps are governed and controlled by the participant who developed and deployed 

the ÐApp itself. For this reason, ÐApps inherit the flexibility to be developed to meet different and 

unique needs of specific users, while still being part of the larger network of ÐApps and connected 

to the blockchain infrastructure layer through smart contracts. ÐApps therefore entail the potential to 

better support cancer treatment and comprehend the inherent complexity in the treatment process, 

and thereby ensure a high and consistent quality of cancer treatment.  

 

It is important to note that the three previously introduced example by no means is an exhaustive list 

of potential ÐApps. The purpose of the previous ÐApp descriptions was to illustrate how the benefits 

of blockchain technology plays a part in these, which lead us to how they can create value in cancer 

treatment by being an essential building block of the ÐApps. Thus it can be concluded that block-

chain cause transformational value at the application layer and the presentation layer for both oper-

ational and management processes, by enabling the development of ÐApps that entail the potential 

to solve multiple issues.  
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Figure 39 - Value assessment framework 

5.3 The effect of blockchain on cancer treatment 

When introducing the blockchain benefits in relation to the cancer treatment, it became evident that 

the technology can create IT business value by addressing issues related to both the infrastructure 

and  and the application layer. By assessing the conceptual changes through the framework for 

assessing IT value, we found that cancer treatment is likely to see first-order effects from blockchain 

in the form IT business value at the infrastructure layer as Informational IT business value in the form 

of demand driven data for timely, better control of access and data management, improved data 

quality and decision making. Moreover can the effect on the application layer be seen in through 

Increased process efficiency & consistency, as well as easier implementation and development of 

new IT functionalities. It is important to note that these effects are mainly focused on the business 

aspect, to assess how it related to the value defined through Porter’s value based healthcare princi-

ple, these will in turn be addressed in relation hereto.  

 

5.4 Towards an efficient value based healthcare 

Following the preceding analysis we will now relate our findings of the potential effects from block-

chain to the theoretical principles of value-based healthcare by Michael Porter, specifically with focus 

on the need for an enabling IT platform and the henceforth argued value. The effect of blockchain 

on the infrastructure and application layer will individually be evaluated on how they contribute to the 

respective six characteristics of what an enabling IT platform entails. For the sake of the reader we 

briefly refresh the six characteristics below.  

1. Centered around the patients. 

2. Use common data definitions.  

3. Encompasses all types of patient data. 

4. The medical record is accessible to all parties involved in care. 

5. The system includes templates and expert systems for each medical condition. 

6. The system architecture makes it easy to extract information. 
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The section will be structured in the form of the different architectural layers, resulting in an exami-

nation of the relation between the six principles and blockchain technology on respectively the infra-

structure and application level. 

 

5.4.1 Value based infrastructure architecture 

Using blockchain technology as a fundamental shared ledger to store health data for cancer treat-

ment, would potentially also solve issues originating from the overall IT infrastructure in the Danish 

healthcare system. The reason is due to the interdependence between the IT challenges experi-

enced in cancer treatment and how they relate to the overall issues for the general IT infrastructure. 

In doing so, blockchain offers several potential and prominent effects, such as reduced complexity 

and easier development of new solutions. The EHR would be a significant improvement to cancer 

treatment, but also in general terms towards establishing an IT infrastructure that supports value-

based healthcare, as the improved data availability and data access for the involved actors create 

the potential for increasing the value for the patient while also saving cost. On a general level, the 

blockchain based shared ledger is well aligned with the overall principle to Build an Enabling Infor-

mation Technology Platform, by introducing a new technology for data management as a shared 

database that reduce the IT infrastructure complexity, while also enabling cancer treatment to benefit 

from the more flexible and increased IT system functionality. A subsequent effect as emphasized by 

Porter is how the enabling IT platform indirectly foster advancements in the other five principles of 

value-based healthcare by ensuring the right platform that allow these to flourish. This can also be 

said for the EHR solution as it would reduce IT complexity and make additional development easier. 

This plays right into the lack of functionality, which is then able to be added along as more functions 

are build on the blockchain as the system uses common data definitions. Furthermore avoiding data 

duplication generate additional value for both patients and doctors, by saving the doctors time from 

entering the data twice while also ensuring a more pleasant patient experience. The argued data 

access and availability align with Porter’s idea of medical records being accessible to all relevant 

parties, as a fundamental element of the IT platform. Therefore by connecting patients, doctors, 

hospitals and municipalities in the treatment of cancer through the underlying blockchain based EHR, 

ensure a greater level of access to data and interoperability that realize great value for the patient. 

Furthermore, this supports the underlying idea of value based healthcare which postulates that 

healthcare should be centered around the patient and thereby avoid data silos located in the periph-

eral departments (Porter, 2013).  Not only does blockchain mitigate the negative effect from the 

current siloed information by being a shared database for data management, it moreover allows for 

the development of a structured overview of the process and enable access to the data for the dif-

ferent actors involved in cancer treatment. Finally by exploiting the inherent nature of blockchain 
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technology as a foundation for quality and consistency assessment provides the underlying meas-

urements which enable the ability to perform quality and consistency assessments of the each re-

spective case of cancer treatment. Moreover it can be seen as a key element in building an enabling 

IT platform that support and enhances the strategic agenda of measuring outcome and cost for every 

patient (Porter, 2013). While it does not measure the cost, it can measure the specific outcome  in 

terms of time spent in specific stages and thereby align with the principles of value-based healthcare, 

as these precise measures throughout whole care process of a specific illness (Porter, 2013).  

 

5.4.2 Value based application architecture 

An enabling IT platform based on blockchain technology, does moreover open up the opportunity for 

cancer treatment to leverage several benefits inherent in blockchain technology to alleviate chal-

lenges related to case handling. Having an infrastructure architecture that uses common data defi-

nitions, and subsequently makes it easy to extract information, enables an easier implementation 

and development of new IT functionality through ÐApps. These can be used to create templates for 

the cancer treatment, which not only would lessen the information overload issue but also aligned 

particularly well with the key strategic objectives of a value enabling IT platform (Porter, 2013). Porter 

emphasize that an IT platform should make use of well-designed templates to improve the usability 

and highlight the information most relevant for a specific condition. The effect of such makes it easier 

to find the relevant and necessary information to perform the procedures efficiently (Porter, 2013). 

Either by highlighting or only showing the relevant information for a specific condition or at a specific 

step in the treatment, which were previously stated as a hindrance for the actors in cancer treatment 

to perform their tasks efficiently and with quality. The proposed ÐApps which intended to solve the 

unintelligently involvement of patients, can subsequently be seen as a step towards a better data 

repository from the patient's perspective. Moreover, as the improved patient involvement increases 

the perceived health outcome for the patient, it increases the overall value according to the definition 

of value in healthcare by Porter's (Porter, 2013). So while blockchain does not add definite value at 

the application layer, it sets the scene towards building a value enhancing IT platform that on the 

bottom line increases the value for patients throughout the entire lifecycle of their treatment. 
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5.5 Blockchain for healthcare case handling 

In the previous section we argued how blockchain could mitigate many of the issues that we identi-

fied related to cancer treatment. In this section we attempt to reach a higher abstraction level, by 

examine how our findings related to cancer treatment can be applied and create value for other 

diseases in the Danish healthcare sector, thereby enable us to provide suggestive insights on a 

general level for healthcare case handling. Upon insights generated from cancer treatment, as ar-

guably one of the most important processes in the Danish healthcare sector, we argue that the thesis 

entail the potential to impact the sector in a wider perspective. Cancer treatment plays a central role 

in the healthcare sector since it could be considered as a baseline for other treatment process. This 

means that in the case of an improvement in the treatment of cancer, the effect is most likely to 

trickle down and influence other treatment processes (Head of Office, Int. 16).The treatment of dif-

ferent diseases throughout the Danish healthcare sector, varies significantly from cancer treatment. 

Each disease requires a highly specified direction with specialized activities to be cured, depending 

on the respective condition. However, the overall objective when organizing different treatment pro-

cess for various conditions or diseases, must remain the same and always attempt to focus on what 

gives the patient the greatest possible effect (Regioner, 2017). This does subsequently mean that 

the IT infrastructure should be able to facilitate this, and therefore not vary significantly from when 

delving into the different layers of corresponding IT architecture. The insights from our analysis of 

cancer treatment entail similar potential of being transferred to other diseases, which subsequently 

also could benefit from blockchain technology. Besides cancer treatment, six other conditions are 

highlighted with specific focus on organizing the treatment around what provides most value for the 

patient. They are also rather complex and involves a myriad of different actors from various sections 

of the Danish healthcare system. These conditions are:  

• Hip-knee Alloplasty 

• Strokes 

• Epilepsy 

• Anxiety and depression 

• Hearts diseases  

• Diabetes (Regioner, 2017) 

Thereby we find it valid to make the attempt to generalize upon the previously suggested value 

creating effects, and thereby assess the utility of the identified changes on a more general level for 

healthcare. Including, but not limited to the conditions mentioned above. 
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5.5.1 EHR for better healthcare case handling 

The key idea to improve cancer treatment in general is to establish a well-functioning infrastructure 

on which each case, instance of cancer, would be handled more efficient. To achieve this the idea 

of a new database structure in the form of a blockchain based EHR was introduced, as it could 

provide an underlying data infrastructure supporting the whole cycle of care for a each case. The 

EHR would improve treatment of a given condition or disease on a general level, as it enables pa-

tients and the actors involved to make better use of data in a seamless way, as this was expressed 

as a general problematic theme in the analysis. The EHR was argued to mitigate data duplication 

while improving data access and availability for both cancer patients and the actors. These issues 

are not only present within cancer treatment, but is accordingly also reflected in the national goals 

for healthcare and the digital strategic initiatives set out until 2022 (Sundhedsministeriet 1, 2017; 

Sundhedsministeriet 2, 2018). Therefore when applying a more general lens on the perspective of 

case handling, these benefits are attractive despite whatever disease it might concern. We therefore 

presume the EHR could be useful on a general level for healthcare case handling of other diseases 

with similar complex treatment processes as previously postulated. Therefore rather than limiting the 

EHR to only include data relevant for cancer treatment, the EHR could be developed and imple-

mented as a database structure to comprise all patient data and therefore be used across the varying 

diseases. Each individual instance of a patient with a diagnose, would have their patient data stored 

only on the EHR on which the relevant actors treating the patient could retrieve the necessary and 

relevant data from one place. This would mean the EHR would comprise and store all patient data, 

to support varying complex treatment processes that would be integrated to retrieve data only from 

the EHR. Based on our futuristic view, in such situation we could envision a healthcare sector with 

a blockchain based EHR solution, functioning as the underlying database for treatment of many 

complex diseases across all regions and actors.  

 

5.5.2 All actors have the necessary access to data 

A central benefit realized from the EHR is the ability to give varying levels of access to specific data. 

In the context of healthcare, the patient information would be stored on the EHR where access to 

the specific data relevant to the disease could be controlled through the permissioned functionality 

of blockchain. Thereby the EHR provide the functionality to enable the right access, for the appro-

priate actors, to the specific and relevant information, to treat the patient optimally and efficiently. 

From a general healthcare case handling perspective, this would be very applicable as it could be 

used to tailor the access to data for different actors in the different treatment processes. We would 

assume data access should be specified based on the actor’s professional function, since they have 

different purpose and accordingly different need for what can be defined as relevant information to 
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perform their function. The access to this information could be controlled in a way so individuals with 

a specific login, tag or function would have access to various elements of a patient’s data. Such 

flexible functionality would therefore support the many variances of treatments for different diseases 

which occur in the healthcare sector. This does subsequently ensure that the medical record is ac-

cessible to all parties involved in care.  While furthermore adopting an interoperability standards to 

enable communication among the actors while also eliminating expensive middleware. 

 

5.5.3 Demand driven data delivery/retrieval 

Secondly and related to data access and availability, the EHR would enable data to be available at 

the right time without being delayed or cut off. This is essential since the right data access does not 

matter if the data is not there at all. This fact does not change depending on the condition treated, if 

it is a cancer patient, a stroke victim of a patient with diabetes, the treatment that provides the most 

value for the patient necessitates accessibility and availability to the relevant data. Conceptualized 

in the EHR, data would be stored on one data ledger supporting many different complex treatment 

processes in the Danish healthcare sector. This should ensure the needed relevant information to 

be present consistently and instantly at any time in any situation of treatment, because every new 

entry of data by any actor would directly and immediately be uploaded to the EHR. Furthermore, in 

doing so the new uploaded information would be made available to everyone who have access to 

that particular new information about a patient. This is an alternative to the current situation of mul-

tiple IT systems being integrated and synchronizing data to each other, which occasionally cause 

delays or errors due to faulty integration among systems. In contrast the EHR solution would ensure 

the relevant information is available to the appropriate actors at the right time, which emphasize the 

strategic vision set out by Sundhedsministeriet to provide all relevant actors and healthcare profes-

sionals with an easily accessible overview of the relevant patient information (SUM, 2018). This 

would mean blockchain based EHR, establishes a system architecture which makes it easy to extract 

information and thus could help facilitate the shift from a  request-based model for data sharing 

towards a demand driven data delivery ecosystem. 

 

5.5.4 Better data quality for case management  

An EHR blockchain based initiative would most likely have a positive influence on the overall data 

quality due to its positive effect on data integrity, when it comes to healthcare case handling. Block-

chain technology secure high integrity through its immutability, time-stamped functionality and the 

fact that the ledger cannot be modified without leaving a permanent mark on the data. Thereby 

safeguarding the data from any misconduct by any actor who have access to the data, as they will 

leave a time-stamped trail on the ledger which can be used as evidence against them if necessary. 
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In this way the actors with extensive access to data is kept in check, while patients would be able to 

trust the technology to maintain and protect their data. On a general healthcare case handling level 

this would impose a data structure that is safeguarded from misconduct by the intrinsic technicalities 

of the blockchain technology by any of the actors who have somewhat access to any of the data. 

Regarding data duplication, a large scale national EHR blockchain solution would remove the need 

for multiple inputs of the same data, which across multiple diseases could prove highly valuable and 

time saving. In this way the various actors at different levels would never have to experience the 

need for double registration as the patient data would be synchronized across the ledger inde-

pendently of the disease in context. This would enable a seamless and efficient database structure 

where only one ledger with patient data is presented to the necessary actor. Moreover it establishes 

a set of common data definitions thus avoiding the that time will be spent on interpreting the various 

data. This common terminology of the data and data fields will result in the ability for everyone to 

speak the same language and thereby effectively can understand and exchange data, but moreover 

it’s also important for data querying across the whole system for analysis or outcomes measurement 

(Porter, 2013). 

 

5.5.5 Better supported processes 

Leveraging the smart contract functionality in combination with the EHR to create ÐApps containing 

treatment templates was argued to mitigate the issue of information overload in the cancer packages, 

while additionally enable a good treatment overview and enable an intelligent way of involving pa-

tients. This could similar to the blockchain based EHR initiative, be generalized to more extensive 

use in healthcare sector of how they manage and operate the countless treatment processes. As 

the healthcare sector needs to manage the myriad of different diagnosis and treatment plans, the 

value of ÐApps could be assumed to increase accordingly when complexity intensify. ÐApps and 

smart contracts was argued to enable an improved treatment overview, which on a generalized level 

in the healthcare context would enforce collaborative process execution by using blockchain to fa-

cilitate collaborative processes choreography monitoring. Using blockchain to enable monitoring of 

the choreography of activities for a large number of treatment processes, would potentially establish 

the complete overview of the patient's care process. 

 

Condition specific templates 

As our previous findings from the cancer treatment emphasize, information overload initially occurs 

when patients have to transfer among the medical procedures performed by different actors, be-

cause the new actor needs to establish an overview of the patient’s case. However this is not a 

unique challenge only found in the cancer treatment but occur countless of times every day across 
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the five regions and hospitals (Process Coordinator, Int 9). Furthermore, the issue of information 

overload increases as more and more conditions are put onto the EHR.  Similar to the suggested 

usage in the cancer packages, ÐApps could be used on a general level in the healthcare sector for 

ensuring only the relevant information would be presented to the actor regarding the specific disease 

and treatment. Hence, the usefulness of smart contracts is consequently most likely to increase, and 

be more significant as a way to manage and automate many of these administrative manual tasks 

that is involved in the treatment of any disease involving multiple actors. On that account, with better 

use of data the healthcare sector could avoid situations of information overload where actors are 

flooded with irrelevant information that obstructs the efficiency in the system and its actors, while 

enabling improved decision making as only the most relevant information is provided. We assume 

the relevant information would store and present in the underlying EHR, and the programmable logic 

would following extract the information from the ledger, depending on what information is defined as 

relevant for the individual treatments. Thereby actors would only be presented with the most relevant 

information to perform their tasks and avoid being flooded with irrelevant information. This would 

require a vast amount of specifications of what information is defined as relevant to what disease, 

and what is less so.  

A hindrance for enabling general use of smart contract functionality across the healthcare sector is 

if the various treatment processes are not well defined and described in detail, including what actor 

is responsible for what activity. The cancer treatment is one of the most detailed and described, 

which indicates that other treatment processes are not, ”we do have a vast number of other pro-

cesses in the healthcare sector that are not defined the same way… an agreement about the what 

is needed and have models for how to do the work and how to run things need to be in place first” 

(Head of Office, Int. 16)20, and thereby subsequently result in a tedious task to reap the potential of 

smart contracts as they in order to facilitate these tasks, need to embed a high degree of details in 

its programmed logic and rules. A defined and well described treatment process can in this view at 

some level be compared to system requirement specifications which is necessary to develop the 

expressed system. Therefore a defined and well described treatment process is necessary for the 

optimal use of ÐApps, and the inherent smart contracts. For that reason, it would require a higher 

level of standardization of process treatments throughout the healthcare sector before applying this 

potential elsewhere in the healthcare sector. However this standardizations of treatments is some-

thing the ministry for health is actively striving to achieve (SUM, 2015).  

                                                

 

20 Original quote "Vi har jo massere af andre forløb i sundhedssektoren som ikke er defineret ens. Så på den måde er der også, hvad skal man sige, fagligt 

arbejde. Det er jo ikke kun IT altid. Man skal også være enige om de ting man vil og have modeller for hvordan man vil arbejde og hvordan tingene skal løbe. 
Head of Office, Int. 16)” 
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If there is a sufficient standardization of a given treatment, the value creating effects identified in 

cancer treatment are easily transferable. The processes for each disease are bound to be drastically 

different, both in terms of actual procedures and the actors that is involved. Creating a traditional 

system for each of these processes would run the risk of being a logistical nightmare. However the 

flexibility of ÐApps and the fact that they can be made to fit any number of processes and actors 

gives them the potential to create significant value through its ability to be  customized.  

It would seem that two factors needs to be established in order to enable ÐApps to create value for 

a larger number of healthcare processes. Firstly, is the EHR that provides the needed basic infra-

structure for which smart contracts can operate. The second one is highly defined processes that 

enables the creation of a precise process to be coded. If any of these two are missing, it is likely not 

feasible to create a smart contract. However, if these two elements are present, then ÐApps devel-

oped on blockchain with smart contracts entail the potential to substantially create value to 

healthcare case handling. The value would increase accordingly when different diseases would be 

affiliated with the solution, as ÐApps could be self-executing templates for the specific medical con-

ditions and only highlight the most relevant information. Thereby make it more efficient to enter and 

find data, execute actions, make standard orders and measure outcome and cost.  

From the various above mentioned ways of how smart contracts could be utilized in relation to 

ÐApps, is at its core the functionality that enable the creation of a web of “tiny services that enable 

the creation and autonomous activity of very complex systems” (Glaser, 2017 p. 1548). These ele-

ments subsequently play directly into building a value enabling IT infrastructure, as these templates 

for different diseases are all running seamless on the same EHR. Moreover, this enable an increased 

focus on the patient, as the templates aggregate information around the patients and outlines the 

subsequent treatment, thus following the individual through the entire treatment cycle. This prevents 

fragmented information to occur in different departments and enables a continuous and complete 

overview of the data of the patient, and thereby enable a basis for better decision making.  
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6. Discussion 

Following the analysis of the issues in cancer treatment and the supporting IT infrastructure, we were 

able to identify feasible ways in which blockchain could be used to create value for healthcare case 

handling. It is important to emphasize these findings are suggestive and not conclusive, however 

this does not mitigate the prominence that lies in the cross section between the technology and the 

context in which it is applied. Having exemplified how the blockchain can either solve or play a sig-

nificant part in a solution that alleviates the identified challenge, we will now take a step back and 

critically address additional themes that emerged from our analysis, which could either impede, hin-

der or prevent the use of the technology in the context in which it is presented. These obstacles can 

be divided into three main categories: 

1. The immaturity of the technology. 

2. Lack of effective buy-in from key stakeholders. 

3. Blockchain as a business case 

These three themes will now be explored more diligently and put in the context of in the following 

section. 

 

6.1 Immature Technology 

A current critical element of blockchain, is the immature nature of the technology itself, as “it is fun 

to talk about new technology and the opportunities that follow, but a healthy discussion of blockchain 

must acknowledge its immaturity and the growing pains it will likely experience (EY, 2016, p.4). One 

of the key challenges of the immaturity of blockchain is the current time it takes for transaction pro-

cessing, and additionally the transaction throughput due to the consensus mechanism and the re-

lated computation limits (EY, 2016). It is however important to note that these  apply for permission-

less blockchains, as the issues related to transaction time and throughput impairs potential for scala-

bility (Allaby, 2016). Scalability is necessary for mass adoption on a global scale but also for the local 

use cases, and “blockchain just like the internet, will also fail to scale with grace so it will always be 

too slow” (Consultant, Int. 3). As so, these scalability obstacles mean that blockchain in its current 

form would only enable limited capacity for data storage, which subsequently would result in a data-

base ledger that is “really slow and which does not have a lot of capacity.” (Consultant, Int. 3). Nev-

ertheless, these technical related challenges are believed to be solved with time “our take on that is 

that scalability will be solved” (Consultant, Int. 3), which will allow for greater usability. In the context 

of cancer treatment or even healthcare in general, a permissioned blockchain is mostly likely the 

way to go, as it does not imply the same limitations due to the different fundamental consensus 

processes(EY, 2016). The  general design trade-off, faced when deciding between permission and 
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permissionless design, is between the ability to create trust and the ability to scale (Allaby, 2016). 

Giving the fact that trust is already prominent between the involved actors in the danish healthcare 

context, as well as the transparency associated with a permissionless blockchain which contradicts 

a myriad of privacy regulations, makes permissioned blockchain the preferred choice in a healthcare 

case handling context. A general issue related to the immaturity of the technology, no matter the 

specific design, is the missing “blockchain standardization and how these interact with each other” 

(Consultant, Int. 3). Standardization is necessary in terms of streamlining interoperability and best 

practices for future development of blockchain solutions. It is important as it will also influence how 

future IT solutions potentially in other aspects of the healthcare sector or other sectors could interop-

erate (Consultant, Int. 3). However, this is an issues will be equally will be solved over time (Con-

sultant, Int. 3), as e.g. the international standardization organization establishing the necessary 

standardization (ISO, 2018). Supportive evidence of the immaturity of the technology, was made by 

IBM that surveyed 200 healthcare executives from multiple countries regarding the top three barriers 

for implementing blockchain in their organization, as displayed in figure 45 below,  where immature 

technology was stated as the top reason of the five main barriers (IBM, 2017).  

Barriers for healthcare adoption of blockchain  

 

 

Figure 40 -Top three barriers in healthcare for blockchain implementation (IBM, 2017) 

This is also emphasized in the context of Danish healthcare, by acknowledging the importance of 

experimenting with the technology through initial small proof-of-concept projects and keep an inter-

national outlook, to see the potential and then “wait until other have created value through it 
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[blockchain], before we start” (Head of Department, Int. 17)21. Experimenting, prototyping Cand test-

ing is however not likely to be happen immediately in the healthcare sector due to its deeply rooted 

conservative stance towards radical new technological innovations, “we'd like to see some real-life 

proof of concept or use cases before we would engage in blockchain on a larger scale. We follow 

[...] But that doesn't mean that we are the first movers, you know kind of second or third or perhaps 

last movers” (Head of Danish Health Data Authority Department, Int 12). An additional challenge that 

is not directly limiting but influence the speed of development is the scarce resource of subject matter 

experts (SME) that combine knowledge in the domain of blockchain and healthcare, which is people 

who “have a good understanding about the healthcare system, the regulations, blockchain technol-

ogy its limitations in particular” (Consultant, Int. 1). This is however not unique to blockchain but often 

experienced in the context of new technological breakthrough and will be solved over time. To do so 

it is though necessary to focus on educating people in the new technology through universities and 

research programs (IBM, 2017). 

 

6.2 Lack of effective buy-in 

When delving into the the siloed IT infrastructure and the corresponding fragmentation of data found 

within the danish healthcare and why it has not been solved yet, the blame is not put on the missing 

technical capabilities or opportunities, rather on the leadership itself. Regarding the gaps in interop-

erability, it can be said that is “not a data issue, it’s leadership and it is culture” (Consultant, Int 11). 

The healthcare sector might be able to solve some of the superficial issues through small initiatives 

of incremental innovation “we try to go about it too easy and some of the challenges in this is not the 

technology side of it” (Consultant, Int 11), however they need to grab the bull by the horns and 

address the fundamental issues which requires leadership of inspiring futuristic characteristic and 

high ambitions. Thereby the challenges related how to best use data and information, transform from 

a technology challenge into a more abstract leadership challenge of political character concerning 

how data should be utilized and thought of in our future healthcare sector (Consultant, Int 11). This 

underlines the fact that missing executive buy-in is considered one of the key barriers for introducing 

in the healthcare sector (IBM, 2017). Building on this lack of buy-in, a more indirectly restricting 

influential element of introducing radical new innovative technologies, in sensitive industries as the 

healthcare sector, is how responsibility, accountability and risk is divided. Meaning who are “willing 

to take the end-to-end responsibility that we are in fact giving the patient the best available treatment 

                                                

 

21 Original quote “se på om man kan skabe værdi med det først, og afvente og se om andre kan skabe værdi med det 

inden man begynder” (Head of Department, Int. 17). 
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question” (Client Technical Advisor, Int. 4). As explained in the preceding analysis, the responsibility 

and accountability of ensuring the best available treatment of cancer rely to the owner of the system, 

thus it falls on Sundhedsstyrelsen. Thereby implies a political ownership, who also needs to consider 

alternatives and outweigh the level of risk of and cost of implementing a new technology. New tech-

nologies need to encompass interoperability and integration into the current setup, and we still follow 

the conservative approach to innovation since there is no acceptance of system down-time in the 

healthcare sector (Head of Office, Int. 16). Looking at the business case for blockchain technology 

as case management tool from their perspective, makes the case slightly dubious, as a combination 

of the criticality of the system influenced and the immaturity of the technology at hand diminishes the 

value it can create. Despite the identified challenges within the healthcare sector, this does not di-

minish the fact that the danish healthcare system together with the fellow nordic countries, represent 

the absolute elite when it comes to healthcare (Nomesko, 2013). This means that introducing a new 

technology, is not a light-hearted decision, underlining the fact that when it comes to solving issues 

found in the underlying infrastructure, the barriers are more due to organizational challenge rather 

than technological limitations.  

 

6.3 Blockchain as a business case  

A key consideration for using any new technological innovation in the given context, is if this tech-

nology can provide something better than the existing situation, and if the advantages are superior 

to other alternatives.This means that not only should a blockchain solution provide value, it should 

provide more value than other alternatives of equal nature, which means it needs a strong business 

case. When talking about business cases, IBM highlights the insufficiency in their quality and a re-

spective lack of ROI as two of the main barriers for blockchain projects in a healthcare context (IBM, 

2017). Given the nature of the thesis, a comparison with other alternatives is out of the scope, an 

alternate approach to assessing the business case is thus to investigate if the proposed application 

leverage the benefits of the technology to its fullest.  As emphasized the theoretical benefits of block-

chain the core and central benefit thought to arise from the five interconnected benefits is trust as in 

a trust-free system facilitated by the technology. The reason for a critical reflection of such regarding 

the use in the Danish healthcare sector, is that in the Danish healthcare sector and in general among 

the Danish population already exists a high level of trust towards the public institutions, as well as 

actors in between (PWC, 2016). In relation hereof, a key question to ask is if the sole purpose of 

blockchain is to establish trust, or if the other benefits of the technology is sufficient enough for it to 

be considered as a solution. We are generally good at sharing data in the Danish healthcare sector 

and “we trust each other a lot“ (Head of Danish Health Data Authority Department, Int 12), and 

therefore it can be perceived opposite and counterintuitive to the blockchain philosophy, as trust is 
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indirect results of the interplay of the other benefits that the technology provides. The fact that the 

trust established through the technology is already at place in the context in which is potentially is 

placed, does not mean blockchain is irrelevant when lacking trust is not the core issue at hand, it 

does however pose the question if it’s the best solution for the job. When dealing with blockchain in 

healthcare, ”depending on the application scenario, there are indeed valid use cases for each, per-

missionless and permissioned blockchains, and centralized databases that need to be determined 

carefully”(Wütz, 2017). Thus it could on one hand be argued that a blockchain solution would not be 

the most appropriate technology taking the application scenario of case management in the Danish 

healthcare into account, simply due to the fact that all writers in the network mutually trust each 

other, and there exists no incentive for participants to act malicious. Looking at this dilemma, under-

lines the previously mentioned design choice between when having to choose between the ability to 

create trust and the ability to scale, making the scalability of a permissioned design the obvious 

choice.  Building upon this logic and the previously stated fact of the unique situation at hand in 

Danish healthcare, it becomes evident that using blockchain for case management in a healthcare 

context beyond the trusted environment inside the Danish border, would be of utmost relevance 

once the scalability issues have been solved. When discussion the idea with a Deloitte blockchain 

consultant, it was highlighted that Denmark is 0,1% of the world population, and the main point of 

interest when creating blockchain solutions, is to creating scalable solutions, and the only way to do 

scalable solutions is to make them tamper resistant (Consultant, Int. 3). Therefor it is evident that 

using blockchain technology to enhance case management  in a context where actors could be 

incentivized to act maliciously throughout the network for a variety of reason, would leverage the 

benefits of the technology to a greater extent, and thus enable a better collaboration even in the 

presence of distrust between the involved parties.  However, the general approach when investigat-

ing an issue at hand is asking “What are the pain points? And how can we mitigate those pain 

points?” (Consultant, Int. 3), and if blockchain technology can solve the issues in a smarter way by 

one of multiple of its advantages or the combination thereof, then it should be considered as a pos-

sible solution to the problem (Consultant, Int. 3). Consequently can it be said that  blockchain and 

case management in a Danish healthcare context can be considered as an exceptional match, as it 

the technology provides changes that can alleviate significant issues prominent throughout the sec-

tor, which up until now have not been tackled successfully. Thus when considering the best way to 

tackle the inefficiency in case management on a national level, blockchain should unquestionably 

be included into the considerations.  
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7 Conclusion 

The purpose of the thesis is to examine the benefits of blockchain technology and its potential value 

adding implications in relation to healthcare in the context of case handling. This was done by inves-

tigating the following research question in a Danish setting: 

 

What are the benefits of blockchain technology, and how can this technology create value 

for healthcare in a case handling context? 

  

The corresponding answer will now in turn be elaborated, and as the research question entail a 

natural division, so will the respective answer follow a similar pattern. The benefits of blockchain 

technology will initially be addressed, before delving into the respective sub questions to ultimately 

expand on how blockchain technology can add value to healthcare in a case handling context. 

 

Blockchain Benefits 

Through the review of numerous peer-reviewed articles, several interpretable patterns related to the 

fundamental benefits of the technology were identified.  It was found that the disintermediating nature 

as well as the ability for automation entailed the potential to increase the efficiency, while data au-

thenticity and integrity increase the overall quality of data. The inherent anonymity increases the 

privacy of the participants, while the reliability of the technology made it secure. Moreover, the im-

mutable and transparent nature enable a high level of auditability. Due to the intertwining nature of 

these benefits, trust can be established between previously untrusted participants as an indirect 

result of the combination the multitude of benefits. The defined blockchain benefits allowed us to 

determine blockchain’s applicability of how the technology could be leveraged to create value for 

healthcare in a case handling context. 

 

What are the current challenges for cancer treatment in Denmark? 

Examining cancer treatment in Denmark revealed an overall well-structured treatment process, 

which diverted the focus towards the underlying IT infrastructure to pinpoint root causes for ineffi-

ciency.   The thematic analysis did subsequently uncover several challenges that either impeded the 

actor´s ability to perform their activity or hindered future solutions. With a better understanding of 

cancer treatment and by exposing the root causes for inefficiency within the IT infrastructure, it was 

possible to associate the various challenges with the respective architectural layer from which they 

originated. This is presented in the table below. 
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Figure 41 - Challenges & architectural layers 

How can blockchain technology create IT business value for cancer treatment in Denmark? 

Blockchain technology can be leveraged to address the challenges related to the infrastructure layer, 

by operating as an alternative database structure spanning the entire process in the form of an Elec-

tronic Health Record (EHR). We found that cancer treatment thereby becomes susceptible to 

achieve first-order IT business value in the form of demand driven data delivery, enhanced access 

control, improved data quality and data management. Moreover, by establishing an architecture that 

eases the future implementation and development of new IT functionalities, considerable value is 

created within the transformational dimension. The new infrastructure in combination with smart con-

tracts enables a transformational effect through the creation of decentralized applications (ÐApps), 

which subsequently entail the potential to encompass the complexity of cancer treatment while sim-

ultaneously facilitate the needs of the respective actors. By establishing the foundation for ÐApps 

which provides solutions to the issues identified within the application and presentation layer. The 

blockchain benefits that the conceptualized EHR and ÐApps respectively draw upon are demon-

strated in figure 42 and 43 accordingly.  

  

Figure 42 - benefits in the infrastructure layer Figure 43 - benefits in the application layer 
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How can the benefits of blockchain create value for healthcare in a case handling context? 

Firstly, the suggestive evidence indicates that increased efficiency, data quality and auditability ob-

tainable through blockchain technology, can be leveraged to create value for healthcare in a case 

handling context by establishing an EHR on which future ÐApps can be built. This entail a blockchain 

based infrastructure to ensure the relevant information is accessible to the appropriate actors in-

volved in care, while managing data with interoperable standards to enable easy extraction of infor-

mation. Moreover does this facilitate the transition from a request-based model for data sharing to-

wards a demand-driven data delivery ecosystem as it prevents fragmented information.  

Secondly, future applications based on the standardized  architecture can exploit the functionality of 

smart contracts to create unique solutions for each actor. These include treatment templates for 

various conditions that aggregate the information around the patients. These templates can encom-

pass the complexity of the treatments while subsequently providing the required flexible functionality 

to meet the needs of the different actors. Smart contracts ensure the applications operate seamlessly 

on the EHR with programmable logic executing the logical order of subsequent actions in the treat-

ment. 

 

Utilizing blockchain technology as a mechanism for managing data and processes in an efficient and 

secure way, can be leveraged in a case handling context to create a value enabling IT platform. This 

platform would tie the parts of an otherwise well-structured delivery system together, leading to better 

and more efficient processes which subsequently increase the value for the healthcare sector in 

general. 
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8 Reflection 

Stemming from the recognized research gaps, which partly is due to blockchain as a new phenom-

enon still in its beginning, an inquiry into the unexplored two-way relationship between blockchain 

technology and healthcare case handling in the context of cancer treatment was made. As a re-

sponse to the almost non-existing literature and lack of actual implemented solutions in the light of 

blockchain in a healthcare context, our explorative venture into this specific context enable us to 

emphasize the contribution of the thesis to respectively academia and practice. Moreover, the ex-

ploratory nature of our research imposed several restraints on the study which need to be acknowl-

edged. These restraints are related to both the chosen methodological disposition that enabled us 

to establish the empirical foundation for the thesis, as well to the inherent quality of the empirical 

foundation itself. This section will initially delve into the research contributions and then move to-

wards a critical reflection on the disposition of the thesis itself, and finally highlight areas of interest 

for potential future research. 

 

8.1 Contribution to academia  

The initial descriptive literature review presents a consolidated overview of how different scholars in 

the blockchain sphere recognize the benefits of blockchain technology, and thereby contributing to 

the cumulative research culture in the field. Moreover, when considering the identified issues and 

areas of improvement from the analysis, the linkage between the issues identified within healthcare 

case handling of cancer treatment and the benefits of blockchain developed naturally. It subse-

quently highlighted the complementary relation between blockchain technology and Porter's princi-

ples of value-based healthcare. Thereby providing suggestive evidence that both blockchain tech-

nology, healthcare case handling and value-based healthcare are interesting pairings ripe for future 

research. Conclusively does the indicative findings of the thesis provide suggestive basis for future 

implementation focused projects in the context of healthcare case handling, while additionally yield 

insights that supplement the current body of knowledge around blockchain technology, thus result 

in a nominal expansion of the academic space. 

 

8.2 Contribution to practice 

The thesis was, to the best of our knowledge, the first to investigate the effect of blockchain technol-

ogy for healthcare case handling in a Danish context. As so, the thesis first of all contribute to practice 

by presenting the frequently intangible impact of the often incomprehensible blockchain technology 

in layman terms, thereby explaining the actual effect and business value derived from the inherent 

benefits of the technology to tackle prominent challenges. This element is key when talking about 

the contribution of research findings to practice, as an intelligible presentation of a complex topic 
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establishes a knowledge pool in a format that is accessible to people not necessarily associated with 

academia (Lewis, 2002). Second, these key insights were presented to practitioners involved in the 

treatment process, as it is through the exchange between scholars and practitioners the ”cross-

fertilization of ideas and experience and enhance empathy, learning and understanding” (Ellson, 

2008 p.1) is developed. Thereby, the insights about and applicability of blockchain technology in the 

context of cancer treatment, facilitates a higher level of reflection for general use in healthcare case 

handling in Denmark, as the potential effect of the technology is contextualized through the situation 

at hand. By doing so is directly related to the expressed ambition set out by Danish Regions to collect 

and gather experience of how value-based healthcare could be anchored and embedded into Danish 

healthcare (Danish Regions 1, 2018). By providing suggestive changes that potentially solves im-

portant yet previously unsolved problems, while subsequently facilitating the cross-fertilization of 

ideas, a distinct contribution to practice is demonstrated. 

 

8.3 Reflections on the theoretical and methodological disposition 

Conducting an explorative single-case study revealed some initial challenges, as the investigation 

was not anchored within the specific case organization which made it difficult to get the necessary 

interviews with relevant actors in place. Here an organizational gatekeeper would have been bene-

ficial to kickstart our explorative approach by providing access to appropriate data sources e.g. rel-

evant interviewees. However one can argue that this fact have resulted in a more impartial and true 

data collection, as interviewees were selected based on their relevance to the thesis rather than who 

the respective gatekeeper wanted us to talk to. By neither being professionally or personally affiliated 

with the case or the topic at hand allowed us to stay objective throughout the process. Moreover, 

with blockchain technology as one of the main pillars of the thesis caused some complications due 

the  limited research field surrounding the technology still being in its infancy. This does subsequently 

entail that no apparent linkage between established theories and the technology have been estab-

lished, thus making the assessment of the impact of the technology a rather difficult task. This thesis 

attempts to limit this discrepancy by applying established theories and frameworks who each at-

tempts to interpret the technology and the context respectively. We are aware that these have not 

necessarily been created with this relation to blockchain in mind, thus the intended use might be 

slightly out of the norm. However, by combining them one could argue that the topic is explored from 

two different perspective, thus providing a more holistic perspective of the situation as a whole.  

 

8.4 Reflection on the empirical foundation of the research 

When it comes to the empirical data of this research it is necessary to consider the fact that the 

subsequent results is based on qualitative data from the 17 interviews. Qualitative data enabled us 

to reach a nuanced and in-depth understanding of the situation at hand aligned with our explorative 
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approach, but qualitative data has some limitations compared to quantitative data such as the ability 

to statistically generalize. To address this concern we made sure to continue interviewing people 

until we experienced and acknowledged we had reached data saturation, since we could to a large 

extend anticipate what the interviewee would answer to our questions, which is a good indicator for 

when to stop collection further data (Bryman & Bell, 2011). Even though this provided us with vast 

insights and a comprehensive foundation for the analysis, it does not provide similar validity to the 

research as quantitative data collection techniques entails. As a result thereof, it is important to un-

derline that the generalized findings presented in this thesis are suggestive rather than conclusive, 

as they do not encompass the statistical evidence necessary to decisively be generalized beyond 

the case itself. A second consideration regarding the exclusion of quantitative data, is that we cannot 

confirm based on our data set of 17 interviews that we have satisfactorily covered and included all 

the problematic challenges that might be within cancer treatment. Nor can we confirm from a quali-

tative analysis the priority of the issues we identified, which would be relevant in the future to focus 

the efforts on the most critical issues. Another important remark revolves around the predefined 

opinions about the topic from both the interviewees as well as the researchers. Ensuring the retrieval 

of unbiased data was constantly an objective, however the subjectivity of all involved entities is un-

avoidably, as the respective interpretation of the problems and technology at hand unintentionally 

have influenced the line of questioning from the researches as well the answers provided by the 

interviewees. In addition thereto the interpretations and opinions is highly affected by the limited 

literature regarding blockchain which most often present the technology in a positive way, thus it is 

becomes difficult to remain objective and avoid being influenced by the overly optimistic blockchain 

evangelists and developers who are not seeing the entire picture.  

 

8.5 Perspectives on future research 

This research project was designed in an explorative manner examining the potential value adding 

effects of blockchain for healthcare case handling, to document the feasibility of blockchain as a 

mechanism for managing data and processes in an efficient and secure way. The problem analysis 

shows that it might be beneficial to introduce blockchain technology, as the findings indicate that the 

use of blockchain technology for healthcare case handling potentially can alleviate some of the iden-

tified problems in cancer treatment. However, the use of blockchain as a solution is in medium terms 

hamstrung by the immaturity of the technology and the lack of political buy-in. One could speculate 

that the lack of political buy-in is rooted and caused by the current investment and ongoing imple-

mentation of Sundhedsplatformen that will continue for a few more years. We observed that the 

design of Sundhedsplatformen is focused on sharing patient data, but is less capable of managing 

the variety of treatment processes used to cure patients with complex disease patterns.  
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In this relation we would suggest a new research project to document the capabilities of current 

implementations in the five Danish Regions matched by experiences from other sectors. Further-

more, as the natural following direction to go, we would suggest to initiate a new research project 

focused on the practical implementation of blockchain to potentially realize some of the benefits 

outlined in this thesis. The rational strategic thinking of doing so, would be to utilize the remaining 

years of the implementation of Sundhedsplatformen as a prototyping phase to develop and acquire 

practical experience with blockchain technology. Thereby after the implementation period of 

Sundhedsplatformen, we would assume and expect blockchain technology to have matured and 

evolved significantly with subsequent best practices from successfully implemented operational 

blockchain projects. As applying blockchain for data and case handling capabilities might lead to full 

integration of public and private hospitals and the many actors within health care services. 
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