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Summary 

Currently, there seems to be a lot of hype around Digital Twins. Many non-scientific 

articles are written about the topic, but between all the dubious definitions and bounteous ben-

efits, it is hard for organizations to sift out false promises and find out if a Digital Twin is the 

right solution to optimize their organization. This could lead to organizations not confident 

enough or too sceptical to even try to integrate a Digital Twin in their organization, or that they 

are unexpectedly facing big hurdles or do not get the benefits they expected after diving head-

first into the technology. This problem is also true for IG&H, who are interested in exploring 

this technology to better support clients. IG&H needs to gain information on Digital Twins 

based on scientific literature and needs to know how this knowledge differs from knowledge 

that is present in organizations.  This provides them direction to tackle situations in which the 

use of a Digital Twin could be beneficial and to guide clients with making the right decisions. 

This research aimed to make recommendations for those needs, focussing on the dimensions 

Definitions, Requirements, and Benefits. 

The main research question is: How can IG&H better help clients in their Digital Twin 

implementation journey, considering the knowledge on Digital Twins in the sectors Healthcare, 

Retail, Pensions, and Insurance/Banking? First, a conceptual model was created by doing a 

literature review and inductively setting knowledge norms that are relevant for these dimen-

sions. This provided IG&H with information on Digital Twins and the foundation of the third 

part of the research. The main definition that described the Digital Twin was: A Digital Twin is 

a virtualization of an identifiable, singular real-world asset throughout the asset’s lifetime, 

containing a sufficiently accurate Digital Model, a Digital Shadow that provides the Digital 

Twin with an evolving dataset, and services that allow the Digital Twin to use the data pur-

posefully using a two-directional dataflow. 
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Second, interviews were held with business experts from the sectors that IG&H oper-

ates in. Those sectors are Healthcare, Retail, Pensions, Insurance, and Banking. The interviews 

provided insight into the knowledge of Digital Twins within organizations like these. It ap-

peared to be sufficient to do one interview per sector (five interviews in total) to get full satu-

ration since this research does not try to find differences between sectors. 

Third, the knowledge from the business experts was deductively tested against the con-

ceptual model. The results showed that in general, the collective knowledge of participants 

reached 87% of the whole conceptual model. At first glance, this seems like an acceptable 

score. However, each individual participant had less knowledge of Digital Twins than the group 

as a whole, and a majority admitted to searching the term ‘Digital Twins’ on the web right 

before the interview. This means that the actual ready knowledge would have ended up lower 

than 87%. The gap of knowledge between organizations and the conceptual model could be 

concerning if there is only little knowledge sharing in the organization. To increase the effec-

tiveness of implementing a Digital Twin system within organizations, recommendations to-

wards IG&H are made to better support clients in their Digital Twin journey.  

These recommendations include topics for further research on Digital Twins, as well as 

several concerns that IG&H needs to take into consideration. For example, the dilemma of 

using the term ‘Digital Twin’ to market their capabilities. If a client requests a system that is 

similar to a Digital Twin but does not meet all the requirements, it could still be called a Digital 

Twin to avoid confusion and to get clients familiar with the technology so future work that 

would include those requirements can be done more easily. IG&H should educate clients on 

Digital Twins and use the conceptual model and their clients’ needs to build the right solution. 
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Preface 

IG&H is a Dutch service provider for strategy consulting, business transformation, and 

technology development. Their origins are in management consulting, but they realised that 

more value for customers can be created when they approach their clients’ problems with an 

end-to-end approach. Instead of only providing advisory services, IG&H offers clients support 

in the whole transformation and technology development and adaptation process. Their service 

now follows a one-stop-shop model, which means that the clients’ convenience is increased, 

solutions can be better tailored to their needs, and an increased level of trust emerges between 

IG&H and their clients1. Technology is changing rapidly, and businesses are integrating it as 

much as they can. From Chatbots using Artificial Intelligence, to blockchain used as a middle-

man, to medical wearables that track the wearer’s health. IG&H realizes that the everchanging 

technology will significantly impact existing business models, especially when it comes to the 

use of data2. It is critical to their success to keep investing in the creation and sharing of 

knowledge of new technologies. 

 

In this research, naming conventions according to ISO/TR 24464:2020 are used as 

much as possible (International Organization for Standardization, 2020).  

Although the proper measurements have been taken to ensure the anonymity of partic-

ipants during the data collection, the written text of the interviews will not be shared with this 

research. The data is only available on request, for validation or further research purposes only. 

  

 
1 https://www.investopedia.com/terms/o/onestopshop.asp 
2 Internal document from IG&H ‘Digital Transformation Journey’ 
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1. Introduction 

1.1. Project Background 

Technology is constantly evolving. Although a developing digitization allows for better 

ways of working, it requires businesses like IG&H to invest in keeping their knowledge and 

skills up to date. One of those new technologies is Digital Twins. This research aims to provide 

guidance and a first step for IG&H to internalize the knowledge of this technology, so they can 

provide better service for their clients and implement this technology more successfully. The 

first chapter will first give a high-level overview on what this technology entails and go into 

why internalizing knowledge on Digital Twin has been difficult, as well as go deeper into the 

research objective, framework, and questions, and will provide a broader relevance for the 

knowledge this research will provide. The second chapter will form a conceptual model on 

Digital Twins, the third chapter will discuss the applied research methods, the fourth chapter 

will go into the results of said research, and the fifth and sixth chapter will conclude the re-

search, provide recommendations fir IG&H, and reflect on the research itself. 

The ’Digital Twin’ is one of the technologies that are core to the Cyberspace; Digital 

Models and Digital Shadows are closely related. The terms Digital Models, Digital Shadows, 

and Digital Twins are sometimes used as if they are interchangeable (Negri et al.,). From this 

point onwards in this paper, the abbreviation ‘DSDT’ is used instead of ‘Digital Shadow and/or 

Digital Twin’. Digital Models are the most basic of the three, they are the digital visualization 

of an object or a process. DSDT technology expand on Digital Models, because they include 

dataflow between the physical asset and digital version throughout the assets full life cycle. As 

distinctive factor between Digital Twins and Digital Shadows is the direction of the dataflow. 

There is one-directional dataflow from the physical asset towards the Digital Shadow, but there 

is a two-directional dataflow between the physical asset and the Digital Twin (Ladj et al., 2021). 

The DSDT’s are visualized with mathematical models or simulations and can be used for, for 
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example, developing new products or improve processes (Liebenberg & Jarke, 2020). Digital 

Twins contain all knowledge retrieved from modelling activities in engineering, as well as 

working data collected during real-time operations. If the right predictive algorithms are ap-

plied, the model can be used to evaluate the system’s performance under different hypothetical 

conditions. In this case, the model classifies as an Experimental Digital Twin (Ladj et al., 2021). 

Those types of Digital Twins help experts improve processes and products and troubleshoot 

problems to achieve a higher rate of efficiency, save money by reducing costs, or create new 

business opportunities (McCausland, 2022). 

In scientific literature, there is a wide variety of use cases for Digital Twins found. Cur-

rently, Digital Twin technology is used in for example smart cities, healthcare, agriculture, pro-

duction, aerospace, manufacturing (Ladj et al., 2021; McCausland, 2022). Liebenberg and 

Jarke (2020) also mention production planning and controlling as important fields in DSDT 

research and Sanfilippo (2019) mentions predictive maintenance. A Digital Twin can be de-

signed for products, manufacturing artefacts, processes, organizations, and people (Ladj et al., 

2021). A Digital Twin of a product could be used to monitor the state of a product during the 

manufacturing process, or to monitor it during the life cycle of the product. A Digital Twin of 

a manufacturing asset could be designed to monitor the performance and status of machines or 

tools in real-time, fault diagnosis, life prediction, process planning, scheduling optimization, 

etc. A Digital Twin of a process is used for business processes, but could also encapsulate mul-

tiple Digital Twins of other types, to allow for process analyses and real-time management 

(Ladj et al., 2021). 

For a business such as IG&H, Digital Twins could provide value not only by imple-

menting such a system for a client who struggles with operational inefficiencies, but also by 

using a Digital Twin in the business transformation process. In such a case, IG&H would make 

use of a specific type of Digital Twin, namely the Digital Twin of the Organization (DTO) 
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(Parmar et al., 2020). Modelling the business and afterwards automating processes fit within 

the scope of this DTO. Until today, only limited scientific research is done on Digital Twins for 

most of the sectors that IG&H operates in specifically, or on the Digital Twin of the Organiza-

tion. There are papers written about Digital Twins in healthcare, for example by Coorey et al. 

(2021), but no proper scientific papers on other IG&H sectors like insurance. In terms of the 

DTO, there are only a few papers like Parmar et al. (2020), Caporuscio et al. (2020), or Becker 

& Pentland (2022). The limited scientific research is a factor in the slow adaptation of Digital 

Twin technologies in general, but also for IG&H. IG&H is already engaging in DTO technol-

ogy by using Mavim3, a modelling software in which you can model an organization with Mi-

crosoft Visio, validate the real-world processes against the model using process mining, and 

analyse the results with Microsoft PowerBI. Using Mavim in the business transformation pro-

cess of clients is still new however, and many possibilities of a DTO are not yet explored. Also, 

they have not yet designed a standard Digital Twin for a client. IG&H is still at the starting 

phase of internalizing Digital Twin technology in their skill set. 

Many firms or scientific papers claim they are working with Digital Twin technology. 

When taking a critical look at how they describe their ‘Digital Twin’ and compare that to what 

scientific papers use as definition or requirements for a Digital Twin, it becomes clear that the 

technology they describe is not actually a Digital Twin. For example, there is no two-directional 

dataflow or the system does not track the assets full life cycle. The quick claim to work with 

Digital Twins stems from a certain hype around the topic, causing firms to keep up with current 

trends.  

Since consultancy firms work with clients to improve a business, it will be beneficial 

for IG&H to get a better understanding of Digital Twin, what benefits they offer, and if clients 

 
3 https://www.mavim.com/nl/mavim-platform/mine 
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are interested in them. However, there is still much unclarity around the exact definition or 

specifications of Digital Twins (Brucherseifer & Fay, 2021), and there is a hype surrounding 

the topic (Bosch-Sijtsma et al., 2021). This research aims to provide information to internalize 

Digital Twins into IG&H’s capabilities, as well as make recommendations on supporting clients 

with using a Digital Twin. 

1.2. Problem statement 

Digital Twin technology is a broad concept that has been used more frequently in the 

last few years, but there is a lot of vagueness around its actual definition as shown by the lists 

of definitions written in papers from Brucherseifer & Fay (2021), Verdouw et al. (2021), Perno 

et al. (2022), or Fuller et al. (2020). In most definitions given in these papers, a Digital Twin is 

digitally visualised model of a physical system using data transmission, but any model could 

be designated as a Digital Twin. This vagueness and the overblown use of the term make it 

difficult to scientifically assess this topic (Brucherseifer & Fay, 2021). Even within scientific 

literature, the concept ‘Digital Twin’ is often inaccurately used, when the papers are in fact 

about Digital Models or Digital Shadows (Negri et al., 2020). To illustrate as an example, in a 

study about the usage of the term ‘Digital Twin’, Kritzinger (2018) found that only 18% of the 

papers using the term are really describing a Digital Twin with two-directional dataflow. Even 

though most research have this requirement in their definition, the term ‘Digital Twin’ is still 

often misused. This can cause confusion for businesses who are exploring Digital Twin tech-

nology. Therefore, a concise set of knowledge norms for IT experts should be created in this 

research. 

This can be quite difficult, because throughout the years, the definitions of these tech-

nologies have evolved since they are still in the development or exploratory phase (Sanfilippo, 

2019). The concept of Digital Twin is very fuzzy, even though both scientific and colloquial 

research depend on a definition. The definitions used in scientific works can be very different 
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from each other in terms of scope, technologies, and features to classify a system as a Digital 

Twin (Perno et al., 2022). Although the ultimate goal of this research is not to solve this defi-

nition problem, it is important to get a proper demarcation of what a Digital Twin or Digital 

Shadow is, and what their requirements and benefits are in order to build norms on what the 

knowledge of business experts should be.  

Both the given reasons for inaccurate knowledge within organizations as well as the 

lack of specific research into the application of Digital Twins in a broader spectrum of sectors 

cause the knowledge within businesses about Digital Models and DSDT technology to stay 

limited. Because of the difficulty of the technology, businesses face a high risk of failure and 

huge costs of implementing which can deter them from exploring DSDT technology. The or-

ganizations that do try implementing DSDT technology, are faced with a high chance that the 

benefits that Digital Twins could provide are not achieved. A study by Ermakova et al. (2021) 

show that the number of data-driven projects that are perceived to add value by management 

or customers is higher than the number of data-driven projects that actually provide value. What 

contributes the most to non-success is a lack of business understanding, followed by a lack of 

understanding user needs, a lack of data understanding and a lack of preparation. The most 

difficult challenges a project team faces are data quality, data access, and budget/time (Erma-

kova et al., 2021). These factors for non-success and these challenges are also things that IG&H 

are faced with. IG&H aspires to gain knowledge about Digital Twin technology, since it could 

provide value to customers. Having a set of knowledge norms and insight into the opinions or 

ideas of sector experts can help them improve their Digital Twin capabilities. Knowing how 

clients view Digital Twins can increase the chances of successfully implementing it. If a client 

of IG&H has fallen victim to the hype around Digital Twins without doing research on whether 

this is the right solution or not and wants IG&H to implement a Digital Twin, or if IG&H is 

blindly going along with the hype, the project can result in non-success because business needs 
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are not understood, or the project started while ill-prepared. Knowledge about non-alignment 

between sector knowledge and scientific knowledge could help IG&H find out if Digital Twins 

is the right solution for their client’s issue and thus decrease the chance of non-success. It is 

important to understand their clients and their needs, and start a data driven solution project by 

aligning their client’s business needs to the correct technology. 

Given the background on Digital Twins and this problem statement, it was decided to 

perform a deductive normative gap analysis. The normative nature of this research is because 

of the conceptual model that should be the norm in terms of knowledge. The gap analysis is 

between these norms and the actual knowledge of business experts. Because this paper aims to 

help IG&H in a practical sense, the paper concludes with recommendations about future re-

search and around servicing clients with Digital Twins and guiding clients in their knowledge. 

After all, IG&H needs to put this knowledge to use. These recommendations were based on the 

gap that is found. The recommendations on future research included the differences between 

sectors. Perhaps Digital Twin technology is a better fit for certain sectors, or perhaps experts 

from certain sectors already have more knowledge on Digital Twin technology than others. 

Doing research on sector differences is a good next step for IG&H. Most current research is 

focussed on manufacturing, healthcare, agriculture, or the energy sector (Neethirajan & Kemp, 

2021). Other sectors are not discussed nearly as much, but IG&H has clients in other sectors. 

With this research, IG&H will have more information on what Digital Twins are, what 

their benefits are, and their requirements. Instead of following the hype, they will be better 

prepared for a realistic application of a Digital Twin system and can therefore better guide 

clients in their Digital Twin integration journey. They can make better judgments which ele-

ment of a Digital Twin is required for each client case. For example, a Digital Twin-like system 

that has all but one of the aspects of a scientifically correct Digital Twin could be enough for a 

certain client. In this case, sticking to the scientific definition, it should not be called a Digital 
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Twin. A common problem in the IT landscape is the overpromising of results or using 

buzzwords to convince clients. This could be prevented by using a different name for the im-

plemented system. However, sticking to a looser definition and naming the Digital Twin-like 

system a Digital Twin could provide more clarification towards clients instead of coming up 

with new names for each type of system. Guiding a client with terms they know could be ben-

eficial to the success of the project.  

1.3. Research objective 

The goal of this research is twofold: first is to provide IG&H with the right knowledge 

on Digital Twin technology by setting knowledge norms; second is to provide recommenda-

tions for IG&H on future research to internalize Digital Twin technologies into the capabilities 

of IG&H, and on guiding clients who are interested in Digital Twin, starting out by providing 

guidance on how to market their capabilities. These recommendations are based on the gap 

between the knowledge norms and business experts’ knowledge, which was researched by first 

doing interviews with these experts, and then doing a gap analysis between the knowledge 

norms and the data from these interviews. With the knowledge norms and the results from the 

gap analysis, IG&H could better understand why a client wants to use DSDT technology, and 

if it is the right solution for their business needs. IG&H themselves can make use of the con-

ceptual model to increase the knowledge of consultants and developers. 

1.4. Research Framework 

 To reach the research objectives stated in the previous paragraph, the following steps 

have been taken in this research (see figure 1). As a first step, a theoretical chapter was devel-

oped to set the knowledge norms on Digital Models, Digital Shadows, and Digital Twins (chap-

ter 2). Although the ultimate goals for this research, as well as the interests of IG&H, are more 

focused on Digital Twins, the other two are also included. This is because they are highly rel-
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evant for Digital Twin knowledge and are necessary components to build a Digital Twin sys-

tem. These norms contain knowledge about definitions, requirements, benefits and/or opportu-

nities, and some hurdles that you could expect with these technologies.  

The second step was to do interviews with business experts to analyse the market (chap-

ter 4). The initial idea was to do this in an iterative process, where the first round would serve 

as a general overview of sector knowledge to get an idea of how much is already known, and 

to see if there were adjustments needed in the knowledge norms. The second round of inter-

views would go more in-depth on the topic of Digital Twins, using the information from the 

first round of interviews as a starting point. However, after conducting the first round of inter-

view, it was discovered that a) the knowledge on Digital Twins is too little to ask more in-depth 

questions in the second round, and b) the additional information gained from the interviews in 

the first round was very little after a couple of interviews, meaning that saturation was achieved. 

Therefore, the iterative process was cancelled. This research focused on the five sectors of 

IG&H. These sectors are Healthcare, Retail, Pensions, and Insurance/Banking. Each sector is 

included in the interviews to ensure conclusions about the whole clientele of IG&H are not 

drawn based on just one or two sectors. 

Figure 1 

 

The Research Framework of the Research. 
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The next step was to analyse the gap between the knowledge norms relating to defini-

tions, requirements, and benefits of Digital Twins and the knowledge on Digital Twins within 

organizations (chapter 5). If these did not match, there was a gap between them. This gap could 

have been based on differences in knowledge on the definition of Digital Twins, the require-

ments of Digital Twins, or the benefits of Digital Twins. For example, business experts could 

have unrealistic expectations of the technology, fuelled by the hype around the topic. 

The last step was to give recommendations for IG&H based on this gap (chapter 6). 

The recommendations were tailored to fit the nature of the gap. For example, they could revolve 

around helping clients increase their knowledge of Digital Twins or around adjusting their cli-

ent’s expectations. There were also recommendations done around doing future research into 

Digital Twins, as the next step to internalize this technology into IG&H’s capabilities. 

1.5. Research Question and Sub-questions 

The main research question is: How can IG&H better help clients in their Digital Twin 

implementation journey, considering a client’s knowledge on Digital Twins in the sectors 

Healthcare, Retail, Pensions, and Insurance/Banking? To answer this question, recommenda-

tions are made after researching all elements individually by answering the following sub-

questions:  

What are the norms in terms of scientific knowledge on Digital Twins in terms of defi-

nitions, requirements, and benefits? This theoretical sub-question will give more insight into 

the technology itself, creating the fundamental knowledge base on which interview questions 

will be based, and to which the data from the interviews are compared. It will shed light on the 

subject itself and clear up the noise in current knowledge as much as possible.  

How do sector experts look at DSDT technologies? This empirical sub-question is an-

swered by analysing the interviews. The data from the interviews will provide insight into the 
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knowledge of business experts on the Digital Twin and its definition, requirements, and bene-

fits. 

What are the differences between sector expert knowledge of the definition, require-

ments, and benefits of Digital Twins and the scientific knowledge on these topics? This analyt-

ical question will dive further into the differences between the conceptual model and the expert 

knowledge. If there is a gap between the conceptual model and expert knowledge, this needs 

to be analysed in order to make recommendations towards IG&H. 

1.6. Broader relevance 

This paper is a starting point of exploring Digital Twins or Digital Shadows for consul-

tancies who are seeking knowledge on DSDT and how their clients might look at these tech-

nologies, as well as other businesses who are looking to implement DSDT technology. The 

findings are also interesting for scientific researchers who are facing the same definition prob-

lem with the two approaches and the diverse spectrum of Digital Twin literature with each their 

own definition. This paper does not provide recommendations or detailed steps on how to im-

plement DSDT technology with for example Mavim or Microsoft Azure Digital Twins. This is 

outside the scope of this research but might be a valuable next step in DSDT research. In other 

words, although IG&H is interested in DSDT technology and considers using it for their clients, 

this is not a practical paper with clear instructions on how to implement DSDT technology, but 

merely a steppingstone towards their goal. 

This paper is a necessary addition to the scientific knowledge base on Digital Twins, 

because it opens up the discussion about definitions and requirements for Digital Twins and 

can guide both researchers and developers towards building theories that have both scientific 

value but also work in practice. To initialize this discussion, this paper ends with certain rec-

ommendations for future research, especially concerning the differences between sectors. 
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2. Theory on setting the norm (desired situation) 

This chapter will set the norms of the knowledge about Digital Twins, and about related 

topics such as Industry 4.0, the Cyber-Physical System, the Hype Cycle of Technology, Digital 

Models, and Digital Shadows. In the first paragraphs, the topics are explained in detail, and at 

the end of this chapter, a concise conceptual model is presented as a basis for the deductive gap 

analysis.  

2.1. Industry 4.0 

Industry 4.0 is the latest in the line of industrial revolutions that have impacted our 

world. The first industrial revolution was characterized by the paradigm shift around mechani-

zation. The second revolution involved the intensive use of electrical energy. The third revolu-

tion, it was digitalization. As for the fourth and current revolution, the paradigm shift evolves 

around "smart” objects or devices, where production processes contain modular systems in 

which products control their own manufacturing process (Lasi et al., 2014). Industry 4.0 is 

more than adding an internet connection to machinery, it is about the interoperability, virtual-

ization, decentralization, real-time capability, service orientation, and modularity of produc-

tion. It envisions a “smart factory”, that could respond to fluctuations in demand in real-time, 

regulate supply, grow or shrink in capabilities, and use all kinds of data through interconnected 

systems (Ramani & Vanýsek, 2016). 

In this revolution, a technological push is taking place concerning the following ele-

ments: firstly, the increase of mechanization and automation. More and more technical aid is 

used in the production processes, and solutions are required that will automate, analyse, and 

operate production. Secondly, the increase in digitalization and networking. The increase in 

digitalization of tools will result in more data gathered from actors and sensors and will increase 

connectivity. These results are the building blocks for digitized environments with intercon-

nected (data) systems. The last element is the increase in miniaturization. A few decades ago, 
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computer systems where too big for home and personal use. Nowadays however, high perform-

ing systems can be built in tiny spaces, for example smartphone and smartwatches. This means 

computer chips can be added to machinery, without those becoming bulky or heavy (Lasi et 

al., 2014). 

2.2. Cyber-Physical System 

A relevant theoretical foundation of Industry 4.0 is the Cyber-Physical System. These 

systems merge the physical and digital (Cyberspace) domains. Using sensors or measurement 

instruments, data about systems or machinery is recorded and uploaded to their digital repre-

sentations (Lasi et al., 2014). Machines are introduced as nodes on the Internet of Things and 

are often paired with the Cloud. This opens the possibility for new ways of working, for exam-

ple predictive maintenance (Schöning, 2018). The Cyber-Physical System consists of autono-

mous and cooperative elements that are connected within and across all levels of the system 

and subsystems. It combines data acquisition and transmission in the physical space with data 

analytics in Cyberspace through computation, communication, and control. The physical asset 

can then feed data into the system to update its digital copy (Ladj et al., 2021). Digital Twin 

technology is crucial for the success of Cyber-Physical Systems, because of the tight coupling 

between the digital representation and the physical product during its whole life cycle 

(Schöning, 2018).  

2.3. The Hype Cycle of Technology 

New technologies are constantly arising. When the general public gets to know these 

new technologies, it may amass inflated expectations if the rate at which the public is eager to 

try it out outruns the rate of research into use cases or benefits and development of said tech-

nology. Recognizing that many new technologies are over-hyped, Gartner has developed the 

hype cycle for emerging technologies. It describes the visibility of the technology in research 
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or on the web in four phases, from the technology trigger, through a peak of inflated expecta-

tions, into a downtrend of disillusionment, towards the plateau of productivity. Both research-

ers and leading technology firms want to be the first to adapt after the trigger, while the tech-

nology is not really developed enough to be used properly for the things they promise. There 

is over-enthusiasm and unrealistic projections, and while the papers are well-published, some 

success of the technology comes with a great number of failures. Because the media is positive 

and has inflated expectations, researchers often employ a ‘things gone right’ type of research 

question, instead of exploring limitations. Eventually, media coverage fades, and stories about 

technology failure or limitations start to arise. Most researchers are turned away from publish-

ing about it, but only the ones that are most perseverant will continue to research the topic. 

Often, researchers then employ a ‘things gone wrong’ type of research question. At the start of 

this downtrend of disillusionment, roughly 5 percent of all companies to which this technology 

is relevant, are using it. This means that researchers have only a limited possibility to do case 

studies or to research data to experiment and find more use cases. Eventually, through a slow 

process of publishing research and convincing companies to start using the technology, more 

data is available so more research can be done. This gets the ball rolling and will convince less 

risk-taking companies to start as well as the technology moves towards the last phase (O’Leary, 

2008).  

A survey done by Bosch-Sijtsema et al. (2021), experts in the field of architecture, 

engineering, and construction (AEC) say the biggest fears they have about the adoption of new 

technologies, are the lack of competence, the industry’s current way of working, or barriers to 

entry in terms of security, changing current business models, or legal/ethical barriers. They 

mentioned that they would be convinced if others are successfully adapting as well. They also 

found that Digital Twin technology is just in the experimental phase, the third out of four stages 

in the hype cycle. This means that they have heard of the technology, and some are starting to 
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experiment with it. Bosch-Sijtsma et al. (2021) calculate the hype factor by comparing the 

perceived knowledge of the technology to the actual use of the technology. A lot of usage of 

the technology equals out a lot of perceived knowledge, so the hype factor is lower. A high 

perceived knowledge but only a few uses has therefore a high hype factor. Important to keep 

in mind is that if the perceived knowledge is also low, the calculation does not hold up (Bosch-

Sijtsma et al., 2021). 

According to Gartner, Digital Twins were at the beginning of the hype cycle in 2017, 

expected to reach maturity in five to ten years4. The hype peaked in 2018, with still the same 

expectation about maturity5. In 2019, it is no longer displayed on the hype cycle graph. The 

expectation would suggest that Digital Twin technology is about to reach maturity between 

2023 and 2028, so its disappearance from the charts means that either their expectations were 

wrong, or they left Digital Twins out for another reason. Perhaps Gartner no longer felt like 

Digital Twins were an emerging technology, they left it out to avoid overfilling the chart, or 

another reason. In any case, a non-exhaustive list with little continuity between the yearly iter-

ations reduces its value in terms of information. It seems unlikely that Digital Twins have 

reached full maturity in the meanwhile, because some underlying technologies that could be 

part of a Digital Twin system have also not yet reached it according to the same hype cycle 

graphs. For the Hype Cycle graph of 2021, these underlying technologies could be Physics 

Driven A.I., A.I. Driven Innovation, Digital Humans, Active Metadata Management, or Ma-

chine-Readable Legislation6. 

 
4 https://www.gartner.com/smarterwithgartner/top-trends-in-the-gartner-hype-cycle-for-emerging-tech-

nologies-2017 

 
5 https://www.gartner.com/smarterwithgartner/5-trends-emerge-in-gartner-hype-cycle-for-emerging-

technologies-2018 
6 https://www.gartner.com/smarterwithgartner/3-themes-surface-in-the-2021-hype-cycle-for-emerging-

technologies 



   

 

24 

 

2.4. The basis of Digital Models, Digital Shadows, and Digital Twins in Scien-

tific Literature 

NASA was the first to use the term Digital Twin, and defined it as:  

“an integrated multi-physics, multi-scale, probabilistic simulation of a vehicle or sys-

tem that uses the best available physical models, sensor updates, fleet history, etc., to mirror 

the life of its flying twin.” (Shafto et al., 2010, p.7) 

This concept is has moved over to other fields besides aerospace. However, the term 

Digital Shadow is used in the same literature, used in a similar way. Reviewing this literature, 

it becomes clear that there are no widely accepted definitions. Consequently, the terms are used 

differently across literature and sometimes contradictory (Stecken et al., 2019). 

Within the array of definitions in scientific literature, two approaches can be distin-

guished; Firstly, a more classical approach of defining each type and separating them is as 

follows: A Digital Model is the base concept of the digital visualization of a physical asset or 

process without any automatic data exchange (Kritzinger et al., 2018; Ladj et al., 2021), where 

the important distinction between a Digital Shadow and Digital Twin is the direction of the 

dataflow (Sepasgozar, 2021). If there is a one-way data exchange from physical to digital, the 

model classifies as a Digital Shadow. If the dataflow is two-directional, the model classifies as 

a Digital Twin (Kritzinger et al., 2018; Ladj et al., 2021; Sepasgozar, 2021). See figure 2. 
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Secondly, there is a more defined approach, and it follows: each of these three models 

of Cyberspace build upon each other where the Digital Model is the core virtualization of the 

physical asset (Bamunuarachchi et al., 2021; Negri et al., 2020). Data from for example Inter-

net-of-Things sensors are channelled through Digital Shadows to the Cloud, where a Digital 

Twin will analyse the data, provide predictions using Artificial Intelligence, and help busi-

nesses make decisions (Bamunuarachchi et al., 2021). This data or information is used in the 

physical asset. See figure 3. 

Type Physical Digital 

Digital Model 

  

Digital Shadow 

  

Digital Twin 

  

Figure 2 

 

The Differences Between Digital Model, Digital Shadow, Digital Twins in the First Approach. 

Automatic dataflow 

Manual dataflow 
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Both types of approaches agree that there is an increasing amount of automatic dataflow 

between the physical and digital for Digital Model, Digital Shadow, and Digital Twin. They 

also agree on the benefits or outcomes. However, both of these approaches differ in terms of 

how these technologies work in the practical sense. In the classic approach, the three systems 

are at a similar level or scope, and a business could choose which to implement based on the 

required level of automation of data or information. The second approach includes each type 

as layers of a system. A Digital Model is used as virtualization of the asset, the Digital Shadow 

is added as data layer, and the data from one or multiple Digital Shadows or databases is com-

bined, analysed, and used to make adjustments to, or recommendations for the physical asset. 

The information gained from the Digital Twin can be used in the physical asset, so even though 

this definition is more defined than the traditional definition, the requirement for bi-direction 

dataflows in the traditional definition is still honoured. 

Regardless of which definition is chosen, Digital Shadows and Digital Twins are more 

than a Digital Model. Those technologies are the things that make the Cyber-Physical System 

function. Digital Shadows and Digital Twins are the technologies that can sense and give an 

Figure 3 

 

A Visualization of how Digital Models, Digital Shadows, and Digital Twins are Connected 

in the Second Approach. 
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accurate reflection of behaviour of systems in real-time so processes can be analysed, simu-

lated, predicted, and optimised. Whereas Digital Shadows enable management and analysis of 

(near) real-time data coming from physical assets by structuring heterogenous data, a Digital 

Twin could use this data to experiment and change those physical assets (Ladj et al., 2021). 

Digital Twins are more than data, they also include models and algorithms. They enable the 

use of the simulation during the system run-time to monitor, control, diagnose, and prognose 

(Ladj et al., 2021). The next paragraphs will provide a closer look into the three technologies. 

2.5. Digital Models 

It should be noted that there are different meanings of the word ‘model’: 

“Model (noun) mod·el: 

1) A usually miniature representation of something 

2) A system of postulates, data, and inferences presented as a mathematical 

description of an asset or state of affairs”  

(Merriam-Webster, n.d.) 

In the context of Digital Twins, both of these meanings are relevant. If the physical asset 

is something tangible, often there is a digital 3D model made (Ladj et al., 2021; Haag & Anderl, 

2018). This is not always necessary, like in cases where the organization is being modelled and 

the asset in question is a process (e.g. Brockhoff et al., 2021; Verdouw et al., 2021). One of the 

ways to model a process is the Business Process Graph (Dijkman et al., 2008), which is dis-

cussed later.  

Models are an abstraction from the structure or processes of the asset that is being mod-

elled with a lower level of detail. They are simplifications of the real asset and are therefore 

not exactly the same as the real asset. The level of detail is dependent on what the creator thinks 

is relevant (Batty, 2018). 
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According to ISO standard 24464, an instance of a Digital Model can also be called an 

avatar (International Organization for Standardization, 2020). Since an avatar can be designed 

as a process model or as a digital 3D model depending on the use case, both are discussed. 

2.5.1. The Process Model 

One of the most relevant types of model to a Digital Twin of the Organization is the 

Business Process Model. A standard of displaying processes in a diagram is the Business Pro-

cess Modelling Notation (BPMN). This is composed of (a) activity nodes denoting business 

events or operations performed by staff od software, and (b) control nodes capturing the flow 

of control between activity nodes. These two are connected with flows (Dijkman et al., 2008). 

BPMN models are composed of one or more BPMN processes. In a BPMN process, a system 

of BPMN elements are shown. These could be objects, sequence flows, or message flows. The 

objects can be events, activities, or gateways. Events may signal the start or end of a process, 

or may appear during a process, an activity can be a task or subprocess, and a gateway is a 

routing construct (Dijkman et al., 2008). Such a model can be displayed in a graph (Dijkman 

et al., 2011).  

Business Process Modelling helps managers manage complexity. They represent busi-

nesses or processes in a way that managers can quickly understand how the business operates. 

The most important part of creating a business process model is getting the goals clear. The 

goals of a model are used to structure the design, to evaluate the design, to evaluate the oper-

ating process, and help the modeller understand the broader implication of the design. Besides 

the benefits of having a model, Business Process Modelling is also beneficial in the designing 

phase. When they are created, managers learn new knowledge, assumptions are tested, and 

dilemmas are thought through. This design phase increases the efficiency of the business pro-

cess design (Kueng & Kawalek, 1997). This is how the scientific literature describes the con-

cept. In the real world, often managers who spend time modelling do not see the value of the 
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model and its practices. They model because they know that the model serves a purpose, but 

are unsure what that is in their organization. Also, they do not give much attention to what the 

model means. They model to get an overview of their organization, but are not thinking about 

what the model means, if it has invalid design concepts in terms of IT-structure, or if it is opti-

mal (Kueng & Kawalek, 1997). A conceptual business process model stays at the conceptual 

level. Going to a model that each of the teams can use and implement, you need to convert it 

into an executable business process model, which includes details about the specific environ-

ment and IT systems (Kueng & Kawalek, 1997). 

2.5.2. The Digital Model as a 3D Model 

As mentioned, a type of Digital Model refers to a virtual representation of a physical 

asset. Lu et al. (2020) call them information models. They form the basis of Digital Twins. An 

information model is an abstraction of a physical object to the required level of relevancy. This 

could be data from sensors and other production data, but often includes an actual 3D virtual 

model. An industry standard of making such a 3D model is the CAD model. Haag & Anderl 

(2018) successfully used a CAD model in their Digital Twin system. Examples of Digital Twin 

software that can use a CAD model are B&R Automation’s Automation Studio7, Maplesoft’s 

MapleSim8, or FlexSim9. 

A Digital Model is stored inside local software or in the Cloud. Some of the reasons 

why Digital Models are beneficial are explained in a paper about making digital 3D models of 

dental casts for orthodontists by Peluso et al. (2004). Although they are more expensive to 

create, they provide fast and easy transfers between orthodontists at different locations, require 

 
7 https://www.br-automation.com/nl-nl/producten/software/automation-software/automation-studio/ 
8 https://www.maplesoft.com/solutions/engineering/AppAreas/Virtual-Commissioning.aspx 
9 https://www.flexsim.com/flexsim/ 
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negligible storage space, are fast and efficient to retrieve, and integrate with management soft-

ware. 

“Orthodontic models document initial conditions, treatment progress, and the 

final treatment results. Orthodontists also use these models to present their treatment 

results to colleagues and patients for the purposes of education, evaluation, and re-

search.” (Peluso et al., 2004, p. 226-227) 

If you think of orthodontists as engineers and treatments as production, it becomes clear 

how this paper translates to other fields as well. Examples of Digital Models are building plans 

or product designs. The defining feature of a Digital Model is that there is no form of automatic 

dataflow between the physical and digital, meaning that once a Digital Model is created, the 

digital version is not automatically updated when the physical object changes (Fuller et al., 

2020), just like in the orthodontist case. 

2.6. Digital Shadows 

In chapter one, the topic ‘Digital Shadows’ was briefly introduced. These paragraphs 

will go more in-depth in this topic. To start, it is important to define the topic more specifically. 

Since the thesis is ultimately more focussed on Digital Twins, the exploration of Digital Shad-

ows will only be part of the knowledge norms, but not as much in the following chapters. 

2.6.1. Definition 

Liebenberg & Jarke (2020) use the following definition: 

“Digital Shadows are dynamic digital views or traces on a physical process or a simu-

lation, where only those aspects are represented which are necessary for a specified purpose.” 

(p. 71) 

These aspects are – in the scope of this research – pieces of data from the subject of 

which a Digital Model is created. Because Digital Shadow systems take care of the processing 
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of this data and only forwards relevant data to the network, congestion on the network is re-

duced and reaction speed is increased. Digital Shadows are reduced models of the whole system 

and generate small, condensed data for a specific task. Their speed enables important aspects 

of industry 4.0 (Liebenberg & Jarke, 2020). The earlier mentioned discussion about approaches 

is very relevant to what role a Digital Shadow plays. Liebenberg & Jarke (2020) assume that a 

Digital Shadow is a stand-alone system that could take over some of the functionalities of a 

Digital Twin, like the first approach mentioned. In their view, an organization should choose 

which system they would prefer based on their requirements, either a Digital Twin or Digital 

Shadow. The Digital Shadow could do certain data analysis tasks and even use machine learn-

ing to make predictions. There is no two-directional dataflow, only the dataflow from physical 

to digital. 

This approach is different from the second approach, where one or multiple Digital 

Shadows form a layer in the Digital Twin system. Digital Shadow systems collect data from a 

physical asset and provide it to the Digital Twin layer. Without the Digital Shadow, a missing 

link will appear between the physical asset and the Digital Twin. It provides all working data 

during real-world operations, which would not be possible without this layer (Ladj et al., 2021; 

Stecken et al., 2019). Since some assets can produce large amounts of data, it is crucial that a 

Digital Shadow will reduce this to an amount that the Digital Twin can handle. In other words, 

the Digital Shadow contains all the data required by the Digital Twin (Dalibor et al., 2020). 

This definition fits well within the second approach mentioned earlier. 

Both approaches have their benefits and drawbacks. The first approach as a distinction 

between Digital Shadows and Digital Twins as a difference in dataflows could make it clearer 

for organizations what their system is capable of since the name of the system dictates the 

possibilities. On the other hand, the distinction between Digital Shadows and Digital Twins as 

parts of a system will make it easier to separate the data gathering and data analysis, meaning 
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a better separation of IT capabilities of – for example – Data Engineers, who focus on data 

gathering, and Data Scientists, who focus on data analysis. This approach is built on a much 

more resilient architecture and has a clearer use within the scope of Industry 4.0 and Cyber-

space. Therefore, this approach is assumed throughout the rest of this paper. 

2.6.2. Operational Considerations of a Digital Shadow 

Three different scenarios can occur that a Digital Shadow needs to be able to handle: 

One, the live data of the physical process or asset is collected and stored. Two, as soon as the 

physical changes, the Digital Shadow should also be updated. For example, some new data is 

recorded and needs to be stored in the Digital Shadow system. Three, the physical can change. 

For example, a new sensor is added, or a real-life process has changed (Stecken et al., 2019).  

The data of a Digital Shadow is collected as some sort of database, which is created 

using algorithms that include acquisitions, analysis, evaluation, consolidation, aggregation, and 

storage. This database can be filled with data from different sources and is a shared platform 

with the Digital Twin layer. It supplies the right information at the right time and the right place 

(Ladj et al., 2021). Ladj et al. (2021) also argue that the data that Digital Shadows provide must 

be in real-time. Important for the usefulness of a Digital Shadow is the Digital Model. This 

model adds context to the data from the shadow, and a way to relate useful data to each other 

in the Digital Twin layer. 

Because of the dependency between the Digital Shadow and Digital Model, the availa-

bility and collection of operational data is dependent on engineering data. This engineering 

data is the data on how a system works or how a physical asset is built, aka the Digital Model. 

Different stakeholders are responsible for these types of data, proving it to be a hurdle to in-

clude the Digital Shadow with all the complete data in the day-to-day operations (Stecken et 

al., 2019). 
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There are two ways this hurdle can result in a system to fail in providing real-time data: 

when a system does not follow events as they are happening, or when a system fails to compute 

or transfer data fast enough. If failing on delivering data in real-time – or at least before a 

certain deadline – is disastrous, the system falls under the hard type of real-time systems, for 

example an airplane control system. If failing to do so will not have catastrophic consequences, 

it falls under the soft type of real-time systems. The decision of which type is right is dependent 

on the use case of the DSDT system. There are also two ways of classifying the way the system 

is triggered. Time-triggered systems are set to start at a pre-defined timestamp. Event-triggered 

systems start when a certain event is taking place (Poniszewska-Maranda et al., 2019). Since 

the goal of a Digital Twin is to be a real-time, high fidelity copy of the physical asset (Ladj et 

al., 2021), the Digital Shadow should process the data as soon as possible, meaning that an 

event-triggered Digital Shadow is preferred.  

2.6.3. Opportunities and Benefits 

Digital Shadows take care of data gathering, cleaning, and consolidating. It inserts the 

data in a database or streams it towards the Digital Twin layer. A separate system that is close 

to the physical that only takes care of the data collection of a part of the whole is decreasing 

the distance compared to a centralized system, and therefore decreases time delay (Bergs et al., 

2021). This way, speed is guaranteed and only aggregated data with the correct level granularity 

will be transferred to the Digital Twin or other applications, providing a reliable, high-speed 

connection. It is a tool that enables Digital Twin technology (Ladj et al., 2021). There can be a 

comparison made between what Digital Shadows are for Digital Twins and what Fog Compu-

ting is to Cloud Computing. Fog Computing is a hierarchical architecture where the ‘Fog’ is a 

layer between IoT devices and the Cloud. This layer contains nodes that are placed close to the 

physical asset. Their proximity decreases latency and prevents overloading the Cloud network 
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by filtering and aggregating the data. Fog Computing is a necessary development in for exam-

ple smart cities (Anawar et al., 2018). These are similar benefits and use case as Digital Shad-

ows. However, it is important to note that Digital Shadows are only homologous to Fog Com-

puting, they are not exactly the same; The nodes in the Fog layer can perform certain Cloud-

like tasks, like making Artificial Intelligence based decisions, create a secure network of other 

nodes, and interact in real-time with end users (Anawar et al., 2018). Since Fog Computing is 

out of scope for this research, the concept is not discussed further. However, the symbiosis 

between knowledge of Digital Shadow and Fog Computing is interesting to research further, 

as a starting point the paper by Brecher et al. (2019) in which the role of Digital Shadows in 

Cloud Computing is researched.  

2.6.4. Drawbacks and Issues 

Often, the physical system, the Digital Shadow, and the Digital Model are made by 

different companies or with different software and are not easily operable together, requiring a 

lot of initial investment and upkeep (Stecken et al., 2019). Systems like these are not standard-

ized because of heterogeneity of the data within businesses (Ladj et al., 2021). Also, stakehold-

ers might not always agree on which data is relevant. This can cause chaos, because engineers 

who are designing the asset that is being Shadowed, no matter if it is either a physical thing 

like a machine or a business process, need to put the right sensors or connectors in place 

(Stecken et al., 2019).  

As discussed before, Digital Twins make decisions based on gathered data. It can only 

do so after the data is provided. Its decision making is also dependant on the quality of the data 

provided (Fuller et al., 2020). This shows that issues with the Digital Shadow will have a neg-

ative effect on the Digital Twin.  
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2.6.5. Case Studies 

Ladj et al. (2021) propose a tool failure detection model to be used in manufacturing 

by using Digital Shadow technology. Different forms of knowledge are being used in this 

model, namely the business rules set by experts, and the real-time data gathered from machines. 

Certain phenomena in the data can be detected using machine learning, and automatic pro-

cesses can be triggered to respond to failure.  

Liebenberg and Jarke (2020) develop a digital shadow for plastic injection moulding 

machines. They found that Finite Element Method (FEM) simulations are used in the process 

of moulding plastic into shapes, which is costly in terms of processing power and time. The 

calculation time of simulations like FEM can take up to hours, diminishing the benefits for 

quality control for systems like plastic moulding machines, which manufacture many plastic 

products in a short amount of time. When using Digital Shadow technology, the right parame-

ters can be found and used to achieve the desired level of quality within seconds.  

Another case study for Digital Shadows is done by Liebenberg and Jarke (2020), in the 

steel manufacturing industry. ‘Hot Rolling’ is the process of rolling a slab of steel between 

presses, to thin the slab to a sheet of steel. This process requires a lot of energy and thus has a 

large contribution to the total amount of carbon emissions. To achieve the highest quality pos-

sible, engineers use FEM simulations to schedule batches of steel to be processed for the next 

day. This process can take 30 minutes to 4 hours per batch. Using Digital Shadows, this sched-

uling can take around 50 milliseconds instead. Using a Deep Neural Network, the optimal 

scheduling can be found easily, it can be changed during the day if need be, and it is done more 

optimally and efficiently than before. 
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2.7. Digital Twins 

As already mentioned, Digital Twins technology is an important topic in Industry 4.0 

and Cyberspace. It is the digital representation of a physical asset with a two-directional data-

flow between the physical and digital. A Digital Twin reflects the state and behaviour of the 

physical asset as close as possible. Digital Twins are being used to provide data-driven solu-

tions and insights (Bamunuarachchi et al., 2021). The following paragraphs will set the 

knowledge norms of this technology. 

2.7.1. Definition 

There are multiple definitions of Digital Twin used in scientific literature. They are 

often close, but not exact. Some of them are more operationalized and to the point, others keep 

it open for interpretation. Table 1 shows some of the definitions found. This list is not exhaus-

tive but shows an example of the range of definitions that are out there. The issue with a poor 

definition or explanation may lead people to reject the technology as just a hype, without giving 

it a second chance once the hype is over (Wright & Davidson, 2020). 
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From the wide array of definitions, it is difficult to choose one definition. Some defini-

tions are even so broad or unspecific, they practically rename technology that experts have 

been working with for years, leaving them confused as to why the concept of a Digital Twin is 

so new and vibrant (Wright & Davidson, 2020). After combing through Digital Twin literature, 

Table 1  

Definitions of ‘Digital Twin’ per Source. 

Source Definition 

Shafto et al., 2010 

 

 

 

 

Chen, 2017 

 

 

Zheng et al., 2018 

 

 

 

Madni, 2019 

“[…] an integrated multi-physics, multi-scale, 

probabilistic simulation of a vehicle or system that 

uses the best available physical models, sensor up-

dates, fleet history, etc., to mirror the life of its flying 

twin” 

‘‘A Digital Twin is a computerized model of 

a physical device or system that represents all func-

tional features and links with the working elements.’’ 

‘‘A Digital Twin is a set of virtual infor-

mation that fully describes a potential or actual phys-

ical production from the micro atomic level to the 

macro geometrical level.’’ 

‘‘A Digital Twin is a virtual instance of a 

physical system (twin) that is continually updated 

with the latter’s performance, maintenance, and 

health status data throughout the physical system’s 

life cycle.’’ 
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the most important defining features are listed below, based on number of occurrences, recency 

of the literature, or to what extend it enables the aimed results: 

a) To start, a Digital Twin is a virtualization of a physical asset (Kritzinger et al., 

2018; Vedouw et al., 2021). 

b) A Digital Twin contains a model, an evolving set of data, and means of dynam-

ically updating the model in accordance with the data (Dalibor et al., 2020; 

Wright & Davidson, 2020). The model should be any model that is sufficiently 

accurate to the physical asset to achieve the desired Digital Twin goals. It should 

also contain the services that allow using the data and models purposefully (Da-

libor et al., 2020).  

c) The physical asset the Digital Twin refers to actually exists. A Digital Twin 

without the asset is just a model, because there is no evolving dataset (Wright 

& Davidson, 2020). You would not call a human twin a twin if there is only one 

person, ergo you would not call a Digital Twin a twin if there is no asset that 

has been ‘twinned’. 

d) A Digital Twin allows for a two-directional dataflow. The physical asset pro-

vides the Digital Twin with data about a change of state, and the Digital Twin 

provides the physical asset with data to control the physical asset (Kritzinger et 

al., 2018).  

e) A Digital Twin follows the twinned asset throughout the lifetime of the asset 

(Verdouw et al., 2021; Wright & Davidson, 2020). Just like human twins are 

created at the same time, so are Digital Twins (Wright & Davidson, 2020).  

Combining these defining features in one sentence: A Digital Twin is a virtualization of 

an identifiable, singular real-world asset throughout the asset’s lifetime, containing a suffi-
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ciently accurate Digital Model, a Digital Shadow that provides the Digital Twin with an evolv-

ing dataset, and services that allow the Digital Twin to use the data purposefully using a two-

directional dataflow. Neethirajan & Kemp (2021) suggest that Digital Twins need to be indi-

vidual, near real-time, data informed, realistic, and actionable. This definition succeeds in 

checking those boxes, albeit a bit looser on the realistic and near real-time requirements. 

Looking at point b, it states that a Digital Twin should contain the services that allow 

using the data and models purposefully. No mention of real-time as a requirement, if it is not 

necessary (Dalibor et al., 2020). Some papers, e.g. Verdouw et al. (2021), require advanced 

analytics or Artificial Intelligence. However, this should not be a requirement for the definition 

of Digital Twins, since the infancy of Artificial Intelligence in some sectors and the difficulty 

of implementing such analytics will deter organizations from using Digital Twin technology, 

cause Digital Twin projects to fail, or cause unnecessary costs. The definitions that Verdouw et 

al. (2021) base their own definition on also often do not mention advanced analytics or Artifi-

cial Intelligence either. The reason why those papers recommend the addition of Artificial In-

telligence or require the Digital Twin to work in real-time, is because they only look at Digital 

Twins in manufacturing, smart cities, or healthcare, where a quick analysis in a high-fidelity 

system is paramount (Lu et al., 2020). The Digital Twin of the Organization (see paragraph 

2.7.2) or a Digital Twin in other sectors are not discussed in their paper. Just like the model 

should be no more than what is sufficiently accurate, the control mechanisms should also only 

be as complex as sufficiently purposeful, so a Digital Twin in other sectors could require dif-

ferent timings or control mechanisms. 

2.7.2. Digital Twin of the Organization 

With the surge of interconnected devices within an organization, there is a subtype of 

Digital Twin possible: the Digital Twin of the Organization (DTO). This is the type of Digital 
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Twin that IG&H is especially interested in. The existence of a DTO means that data from or-

ganizational assets, people, activities, and their interactions can be modelled and used in a Dig-

ital Twin. As the organization evolves, the DTO evolves with it. The twin provides a holistic 

view on the organization, and better decisions can be made under the influence of sophisticated 

analytics and perhaps A.I. (Parmar et al., 2020). Caporuscio et al. (2020) summarize the DTO 

as follows: 

“A Digital Twin of the Organization allows for representing all the elements and con-

nections of a organizational system in virtual models, which can be perpetually simu-

lated and analyzed to achieve continuous assessment and optimization of the organiza-

tion. Employing a well-defined DTO is an important asset in positioning new develop-

ments within the context of existing processes and other assets of an organization, as it 

helps in identifying necessary and/or opportunistic changes. Indeed, good DTO prac-

tices can help organizations to change and innovate, thus enhancing the organizations 

sustainability.” (Caporuscio et al., 2020, p. 1-2) 

For a DTO, there are four assumptions: 1) Organizations include multiple, interdepend-

ent processes; 2) Organizations involve agents with the capacity to make choices, learn from 

experience, and pursue their own objectives; 3) A Digital Twin is a model that serves a purpose 

like managing or designing the organization, planning, decision-making, etc.; 4) A Digital Twin 

is more than a dashboard. Where dashboards only provide the visualization of the assets in the 

organization, a DTO should provide simulations and predictions on how to optimize by con-

tinuous assessment (Becker & Pentland, 2022).  

According to Parmar et al. (2020), there are five important principles that you need to 

take into consideration when building a DTO. The first principle is to start with what you have. 

Already there are a lot of data sources that can provide information. These are unique for every 
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business. One of the complexities of a DTO is that there are no complete and rigid templates 

for businesses. Where a certain machine is always made a certain way, each organization is 

unique and has its own interconnected relations. There are certain templates available that could 

be used, that include the main logic of a business in a certain sector, best practices for data 

warehousing, and business intelligence templates. However, these templates are often only 

used as inspiration, nothing more (Parmar et al., 2020). The Digital Model, leveraged by En-

terprise Architecture, should be a type of process model, containing three sub-models; an in-

formation model that shows what data artefacts exist within the organization (Organization 

Architecture), a context model that provides clarity into the expected behaviour of these arte-

facts (Business Architecture), and an impact model that shows the correlation of these artefacts 

and their interlinkages (Information Architecture). These three sub-models will provide insight 

in the organization as-is (Caporuscio et al., 2020; Parmar et al., 2020). 

The second principle is to free the data from separate data silos. Dense data that is of 

good quality, related to unique sources, and is not outdated, should be used to its full capacity. 

This generates excitement and curiosity to explore more data sources, which will in turn en-

hance the data that was already being used (Parmar et al., 2020). 

The third principle is to keep digitizing. In order to successfully develop a DTO, you 

need assets that can provide the Digital Twin with data. This is not possible when the organi-

zation has many assets that are not digitized, so this is an important principle to keep in mind, 

requiring a proactive approach (Parmar et al., 2020). 

The fourth principle is to seek new digital opportunities. This principle is enabled by 

the third principle. As digitization increases, new digital opportunities are generated. More in-

terconnected digitized assets generate more data, increase reprogrammability, and create more 
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flexible organizations. Organizations can use the data more actively to improve their products 

or services or monitor their processes with the help of outside data (Parmar et al., 2020). 

The fifth and last principle is to increment the models. The first iteration of the Digital 

Model does not have to be completely finished and complete. This is in fact not possible. 

Through the process of digitization, gathering more data sources, and seeking new digital op-

portunities, the Digital Model can be modified to be more and more realistic. It requires effort 

to constantly update the three sub-models, but some of the changes in the organization can be 

learned by the models automatically (Parmar et al., 2020).  

These constant updates in the fifth principle expand what is possible in the third and 

fourth principle, which will allow more data to be used in accordance with principle two, and 

will then again require an update with principle five. This iterative process increases the value 

of the Digital Model and therefore the Digital Twin (Parmar et al., 2020). An iterative process 

is also suggested by Caporuscio et al. (2020), who also mention other business factors as well 

as outside factors as drivers for the iterative process. This process requires the models to have 

a high degree of evolvability (Caporuscio et al., 2020). 

Between a Digital Twin of the Organization and a Digital Twin of, for example, a piece 

of machinery, is the Digital Twin designed to have a Manufacturing Execution System (MES) 

layer added to it. With this layer, the Digital Twin can better orchestrate production processes 

in the manufacturing sector, better at dealing with real-time data than a traditional Enterprise 

Resource Planner system (Negri et al., 2020). 

Because each business is unique and cannot be designed through a digitalized process 

unlike engineering a physical asset like a machine, the Digital Model of the DTO has to be 

discovered rather than designed beforehand in order to get an accurate Twin of the current state. 

This means that a Digital Model of a DTO is a declarative way of virtualizing what is actually 
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happening. Business processes are highly concurrent, meaning that multiple (instances of) pro-

cesses can happen at the same time, and highly non-monolithic, meaning that these processes 

are fragmented or not unified. Process mining is what allows for collecting data about processes 

with such characteristics (Becker & Pentland, 2022). By extracting information from event logs 

from information systems, process mining can discover, monitor, and improve real processes. 

An event log contains events, referring to an activity. Each activity is related to an instance to 

a process. With information from multiple instances, process mining can determine how pro-

cesses run. Additional information like the resource (e.g. which employee started the activity), 

or the timestamp can be added for more detail (Van der Aalst, 2012). 

Process mining can be categorised in three types. Discovery, conformance, and en-

hancement. Discovery is the creation of a process model from an event log without any prior 

knowledge. This is the most common type of process mining. Conformance is a type where 

there is prior knowledge, namely a pre-designed process model. With this type of process min-

ing, an organization can check if the actual processes conform to those in the designed model. 

Using this type, organizations can validate actual processes, validate the model, or validate 

conformance with legislation. With enhancement process mining, there are features added on 

top of the conformance type, so an organization gets insight into where certain bottlenecks are, 

and how to improve them (Van der Aalst, 2012). 

Unlike the business process models mentioned in paragraph 2.5.1., the model generated 

in process mining software is based on facts, not on a theoretically optimal design made be-

forehand (Van der Aalst, 2012). Therefore, there are two options of building a model for a DTO: 

organizations could start with a business process model they designed themselves and use pro-

cess mining for conformance, or discover their business process model using process mining 

for discovery. In either case, process mining for enhancement can keep the model up to date 
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when the DTO is running. Examples of software that allow this are Celonis’ PAFnow10 and 

IBM’s Cloud Pak for Business Automation11. 

All three types of process mining aim to give insight into what has happened within the 

organization. The conformance and enhancement types aim to make conformance (both with 

the model and with legislation) and performance problems visible by comparing observed ac-

tions with modelled behaviour. Therefore, it is a backwards-looking technique, as opposed to 

forward-looking techniques like predictive analytics. Ultimately, a forward-looking way for 

process prediction is preferred (Brockhoff et al., 2021). 

2.7.3. Opportunities and Benefits 

In general, Digital Twin technology allows for remote control of the asset. It removes 

fundamental constraints around place, time, and human observation; you no longer need to be 

in proximity to the physical asset in order to control it, the Digital Twin controls the asset faster 

and it allows for quicker experimentation, and other sensors besides what humans can observe 

can be added, like heat sensors or satellite data (Verdouw et al., 2021). Digital Twins are most 

useful when the asset is changing over time, so the initial model is no longer true, and when 

data about this change can be captured (Wright & Davidson, 2020). 

A lot of emphasis is put on not just remote control, but also experimentation. Using the 

existing models and data, predictive analysis can extrapolate this data when experimenting with 

scenario’s that might occur or that are expected to be beneficial (Lu et al., 2020). 

Most scientific literature on the application of Digital Twin technology discusses the 

sectors smart cities, manufacturing, and healthcare. The vast amount of data collected by IoT 

sensors that can be placed around the city, can for example give local governments a better 

 
10  https://pafnow.com/ 
11 https://www.ibm.com/cloud/cloud-pak-for-business-automation/process-mining 
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understanding in how utilities are distributed and used. Digital Twin technology allows them 

to monitor the city and test scenarios in order to make better decisions. In the manufacturing 

sector, businesses are driven by, among other things, saving time and money. Digital Twins can 

give real-time performance statuses of machinery as well as provide feedback. As the accuracy 

of machinery increases and maintenance is more advantageously scheduled, less time is wasted 

and more money is made (Fuller et al., 2020). By using data from operations, certain parameters 

and their variations can be better understood and will allow for optimization of the process. 

Even at the level of the factory, the Digital Twin enables inventory management, shift patterns, 

scheduling, and supply chain management. The models used in these applications are more 

empirical rather than physics based (Wright & Davidson, 2020). When discussing the 

healthcare sector, Fuller et al. (2020) describe a Digital Twin of a human, where real-time data 

from patients is streamed to doctors. However, they keep using words like “potential applica-

tions”, “future”, or “could”, showing that in healthcare, Digital Twin technology is not yet 

realisable, at least not in the way Fuller et al. (2020) describe their healthcare Digital Twin. 

All these benefits provide a reduction in operational costs and risks, improve service 

and efficiency, improve safety and reliability, speed up processes, enhance flexibility and com-

petitiveness, and foster innovation (Neethirajan & Kemp, 2021). 

The core benefits of the DTO are the same as those of the normal Digital Twin, namely 

the financial benefits, the possibility to experiment and simulate, market analysis, and collect-

ing data beyond what humans can realistically gather. However, in the case of a DTO, the 

benefits are geared towards the organization, so experimenting with subprocesses within the 

organization to achieve a higher rate of business efficiency, or product development through 

product simulations (Parmar et al., 2020). 
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2.7.4. Drawbacks and Issues 

There are many barriers for the implementation of Digital Twin technology. To start, 

the complexity and novelty of the technology leading to a lack of a straight-forward 

knowledgebase that lists definitions and benefits could be hampering the willingness for busi-

nesses to adapt. Moreover, the huge amount of data and its heterogeneity might lead to diffi-

culties with using it at the right moment, in the right circumstances. Consequently, the data is 

not or wrongly used when making decisions (Ladj et al., 2021). This data is also not always 

readily available (Kshetri, 2021). 

Another barrier for implementation is the difficulty of implementation of dynamic sys-

tems. Systems change because of a machine that wears down or because people gradually 

change their behaviour. While humans can internalize these changes easily, it is hard to imple-

ment these small changes into the Digital Model. As a result, it is crucial for the implementation 

process that experts of the field are extremely involved in the implementation process (Ladj et 

al., 2021). Moya et al. (2020) propose a type of Digital Twin that learns from its own deviations 

of the real world and call this a Hybrid Twin. This is outside the scope of this research but could 

provide a solution to this specific issue.  

It can be difficult to manage heterogenous models systematically because the models 

are often built by different engineering disciplines. This makes it even more difficult for man-

agers and decision-makers to understand why the Digital Twin is making certain decisions 

(Bordeleau et al., 2020). 

The key to success of a Digital Twin is a high degree of fidelity (Kshetri, 2021; Verdouw 

et al., 2021). This means that the Digital Twin is as accurate as possible. However, there is often 

a gap between what is ideal, and what can be achieved with the current technology within 

budget or time constraints (Kshetri, 2021). In a perfect world, every detail would be modelled, 
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but this will cause high computational cost. More detail means better decisions, but higher 

costs, including in maintenance. The same goes for how quickly and how often the data for the 

Digital Twin updates. The right balance should be struck (Wright & Davidson, 2020). 

Liebenberg and Jarke (2020) also mention that Digital Twin technology can be slow 

due to the vast amount of data and its complexity. Digital Twins require massive amounts of 

data, especially when Artificial Intelligence algorithms are being used. This puts massive strain 

on the network and on Cloud Computing servers. This means a high bill for Cloud service 

providers, since they need to develop their software and buy the hardware, like high-perfor-

mance graphics processing units (GPU’s) (Fuller et al., 2020). 

Issues brought up by Sepasgozar (2019) are firstly the differences between the number 

of resources and capabilities to implement these technologies of large and small enterprises, 

and secondly issues about privacy, data ownership, or data access. Without proper research into 

these issues, it will prove difficult for many businesses to implement these technologies, so 

implementation will remain limited (Sepasgozar, 2019). Laws and regulations are not fully 

there yet, and people need to have trust in the system. Artificial Intelligence is still an unfamiliar 

thing that causes anxiety. A slow process of expanding Artificial Intelligence into the daily lives 

of people and into businesses can drive trust forward and can force regulators to create proper 

regulations (Fuller et al., 2020). 

In the case of a DTO, it is required to be constantly aware of changes in the underlying 

Digital Models, and to keep iterating the models. This is a long and sometimes expensive pro-

cess, and involves a lot of risk (Caporuscio et al., 2020; Parmar et al., 2020). Some businesses 

are unable to grasp all the possibilities that data provides, leading to an unprofitable expenditure 

or wasted time. Some businesses are also stuck with legacy systems. Trying to combine those 
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with new technologies is more like applying a Band-Aid, rather than a permanent fix (Parmar 

et al., 2020). 

The inclusion of human agents with their own interests and the inclusion of interde-

pendent processes are two things that makes it difficult to build and operate a DTO. Compared 

to the standard Digital Twin, a DTO involves a sense of agency within the actors, giving them 

the capacity to reflect on historic events and anticipate the future. “Rather than a Digital Twin 

of a car, a DTO would be a Digital Twin of the car and its driver.” (Becker & Pentland, 2022, 

p.5). In organizational design, agency has been a central issue. It introduces new challenges to 

Digital Models because the designer cannot assume that each agent works towards the same 

goal (Becker & Pentland, 2022). Because the sub-systems are also interdependent, digitizing 

the organization into the DTO can be even more challenging (Becker & Pentland, 2022).  

It is also not clear for managers how a DTO can help them design effective interven-

tions. At last, it is hard to evaluate a DTO, causing managers to spend as much time on simu-

lating and evaluating as the time a DTO would in theory save on the intervention itself (Becker 

& Pentland, 2022). 

Since a more thorough review of all barriers for exploring Digital Twin technology is 

too far out of scope for his paper, for more barriers see the paper by Perno et al. (2022). 

2.7.5. Case Studies 

Digital Twins can provide much value to businesses. Like stated before, it can be used 

for predictive maintenance and control. For example, Tesla Motors uses this technology to pro-

vide their customers with data-driven software updates to their car by analysing data from dif-

ferent sensor in the cars (Sanfilippo, 2019).  

Neethirajan & Kemp (2021) explore the application of Digital Twins in modern animal 

farming. Using sensors like for example pedometers, thermal infrared sensors, or respiratory 
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sensors, farmers can keep track of their animal's physical and mental wellbeing, detect their 

heat cycles, or monitor the energy usage of the farm. This is not a new concept, because Preci-

sion Livestock Farming is being used already. However, Digital Twin technology can advance 

this to newer levels in terms of automation, speed, and quality. Verdouw et al. (2021) have 

researched a similar example, but more towards farming in general, including crop farming.  

The third example of Digital Twin technology is explained by Xie et al. (2020), who 

demonstrate the possibility of condition monitoring of cutting tools. The Digital Twin will col-

lect data, and intelligently optimize the working process, detect failure, visualize the data, and 

create a tool maintenance strategy. This case is similar to the tool failure detection Digital 

Shadow case by Ladj et al., demonstrating the vagueness around what classifies as a Digital 

Shadow, and what as a Digital Twin. 

2.8. Conceptual Model 

Now that the scientific literature is studied in detail and the norms are set, a conceptual 

model can be generated. In this conceptual model, a list of the most important definitions, 

requirements, and benefits is shown. This also functions as a checklist by which the sector 

expert knowledge is measured in chapter 4. See table 2.  
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Table 2  

Conceptual Model of ‘Digital Twin’. 

Dimension Concept 

Definition (D) 

 

Requirements 

(R) 

 

 

 

 

 

 

 

 

 

Benefits (B) 

1. A Digital Twin is a virtualization of a physical asset. 

2. A Digital Twin of the Organisation is a virtualization of a (set of) process(es). 

1. A Digital Twin contains a model (Digital Model), an evolving set of data, and 

means of dynamically updating the model in accordance with the data (Digi-

tal Shadow). The model should be any model that is sufficiently accurate to 

the physical asset to achieve the desired Digital Twin goals.  

2. It should also contain the services that allow using the data and models pur-

posefully. 

3. The artefact the Digital Twin refers to actually exists. 

4. A Digital Twin allows for a two-directional dataflow. The physical asset pro-

vides the Digital Twin with data about a change of state, and the Digital Twin 

provides the physical asset with data to control the physical.  

5. A Digital Twin follows the twinned asset throughout the lifetime of the asset. 

1. Remote control of the asset. 

2. The Digital Twin controls the asset faster and it allows for quicker experimen-

tation. 

3. Other sensors besides what humans can observe can be added, like certain 

sensors or satellite data. 

4. Digital Twin technology allows them to monitor real-time performance sta-

tuses and test scenarios in order to make better decisions. 

5. As the accuracy of machinery increases and maintenance is more advanta-

geously scheduled, less is wasted and more money is made. 

6. By using data from operations, certain parameters and their variations can be 

better understood and will allow for optimization of the process. 

7. The Digital Twin enables inventory management, shift patterns, scheduling, 

and supply chain management. 

8. All these benefits provide a reduction in operational costs and risks, improve 

service and efficiency, improve safety and reliability, speed up processes, en-

hance flexibility and competitiveness, and foster innovation. 
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3. Method 

3.1. General Method 

To fulfil the goal of this paper, research was conducted in multiple parts after setting 

the knowledge norms for the conceptual model and thereby answering the first sub-question. 

First, the knowledge norms were used to design an interview that fit with the research goal. 

Second, interviews with business experts were held to gather a look into the knowledge from 

these experts. At least one interview per sector was conducted to get a complete look into the 

whole clientele of IG&H, so that means five interviews in total. A sixth interview was held to 

test whether saturation was reached. This sixth interview confirmed saturation, but as to not 

give too much weight to this sector this final interview was redacted. Third, the interviews were 

analysed by coding and grouping into themes. This step answered the second sub-question. 

Fourth, the gap in knowledge was analysed by comparing the interviews to the knowledge 

norms. This answered the last sub-question. Fifth, recommendations regarding this gap were 

made towards IG&H. This answered the main research question. 

The research involved semi-structured interviews, to gain knowledge about the view of 

business experts on DSDT. The reasons for interviews instead of other types of data gathering 

like surveys, are the complexity of the topic, the need for dialogue or follow-up questions, and 

the difficulty of finding a large sample of business experts (McGrath et al., 2018). Interviews 

allow interviewees to elaborate on their experiences, beliefs, social context, or behaviour, with-

out the use of statistical procedures (Fossey et al, 2002). The choice to go for semi-structured 

interviews is that each sector or organization might have different goals, business models, or 

data-related issues and should therefore have questions that are somewhat tweaked to fit their 

context. This was the right choice in this type of research, because the goal of this paper was 

to compare scientific literature with the opinions or ideas of experts. Authenticity is an im-

portant pillar in the (ethical) quality of the research (Fossey et al., 2002). These experts needed 
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to be able to elaborate and speak their mind, instead of being limited to a type of answer pos-

sibilities with question from a quantitative survey, that only allows for closed answers like a 

Likert scale or a grade. Although quizzing many business experts could also show how much 

they know about Digital Twins, but it would limit the option to talk freely about certain topics 

with open questions. Interviews let the participants explain as much as they want or as much 

as they can, to get the most knowledge from them as possible. It also lets them come up with 

their own examples of benefits, lets them express their worries, etc. It also captures their level 

of enthusiasm for Digital Twins better than surveys. These other findings are also helpful for 

IG&H, and thus the qualitative way of gathering data through interviews is in this case the best 

option.  

The unstructured, written text from the interviews was coded with Atlas.ti, and those 

codes were grouped together to structure the content of the interviews. These codes and code 

groups formed a collection of words and phrases that summarized the data. 

This collection was used to compare the interviews with the scientific literature found 

in the normative part. The comparison was the last part, and the basis for the last step of an-

swering the main research question. Any differences between scientific literature and sector 

experts will come to light and be a guide towards recommendations for IG&H. 

3.2. Creating the Interviews 

Successful research starts with a careful planning and scoping of the interview ques-

tions (McGrath et al., 2018). Therefore, an interview guide was created before creating the 

actual interview and conducting them. This included not only a rough sketch of the questions, 

but also details about the rest of the interview process. For example, in includes the introduction 

given at the start of the interview and the steps taken to ensure data quality. The interview and 

the interview process are also tested beforehand by interviewing a test participant. Another 
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important aspect of creating a proper interview is to be mindful of own biases (Johnson & 

Rowlands, 2012). To combat this, the interviews were created early in the research process, 

without being too deep into the subject matter. However, the data collection and interview cre-

ation process were iterative and emergent, meaning that as the data was gathered, a theory was 

created, the scope was narrowed, and the questions were refined. Also, the interview questions 

were not strict; the interviewee might be asked additional questions to elaborate further (Fossey 

et al., 2002). The interview guide can be found in Appendix I, and the actual interview in Ap-

pendix II. 

3.3. Participants and the Interview Process 

Since qualitative research limit the amount of participants, the appropriate participants 

that can add the most information should be identified (Fossey et al., 2002). Since this is an 

analysis of knowledge within organizations, the required participants of the interviews should 

be currently working in a business as a role related to data/IT/Business. The seniority should 

be at the senior level, because often they have a broader knowledge of the sector instead of 

only the business itself. Because the profiles of the interviewees were very similar, the inter-

views bore close to the same weight during the data analysis. Interviews were held through 

Microsoft Teams (or other video conferencing software on the interviewee's request). Doing 

online interviews can increase information loss by technical difficulties or the difficulty to ef-

fectively communicate with for example emotions or subtle cues. This information loss could 

mean that the interviewer might fill in the data gaps using their own mental models. Experience 

by doing online video conferencing often can decrease this effect (Wolff & Burrows, 2021). 

Both the interviewer as the interviewees were mainly technical staff with plenty of experience 

in video conferencing form the last two years and this was not an emotionally loaded topic 

(unlike an interview about for example a medical issue), so information loss was not a signifi-

cantly large problem. Before each interview, interviewees were made aware of the goal of the 
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interview and their rights as interviewee. They were also asked for consent about the recording 

of the interview. To ensure data quality even more, the transcribed interviews were sent to the 

participant so they could validate the data (McGrath et al., 2018). Then, they could have pro-

vided the interviewer with feedback to ensure that what was said is also recorded in the data. 

3.4. Analysing the Data 

Analysing qualitative data from interviews is very different than quantitative data. In 

this research, the analysis was done in Atlas.ti. The analysis started with the raw text from the 

interview. The discovery-focussed analysis was separated in two main levels. At the first level, 

relevant pieces of knowledge or opinions of experts were identified and coded within the in-

terviews of each participant. In this research, the choice was made to opt for in-vivo coding, 

keeping the codes as literal quotes. This ensures that non-explicit signs, for example when a 

participant pauses to think or changes their answer mid-sentence, were captured. These signs 

helped with making recommendations to IG&H. However, during the analysis, this level of 

detail was omitted at the second level. At this level, a thematic analysis of classifying, compar-

ing, grouping into themes, and refining groupings of codes was done. The codes were brought 

together and relations between them were made (Fossey et al., 2002). Because of the deductive 

nature and aim of this research, four themes were pre-defined. These were Definition of Digital 

Twin, Requirements of their Digital Twins application, Benefits of Digital Twins and Opportu-

nities. These four themes were based on the research question. Although this research focussed 

on these themes, other themes were also interesting for IG&H to know about and were used in 

the ‘recommendations for IG&H’ section. These themes were determined on an ad hoc basis, 

whenever they arose.  

To analyse the gap in knowledge, the conceptual model was tested with the codes within 

the four pre-defined themes. All the codes that fit within these main themes were filtered on 

whether or not they were relevant in the conceptual model. To get a first glance at what piece 



   

 

55 

 

of information is common or most important according to the participants, relations between 

the codes were drawn to make a network. Displaying the codes with their relations in a network 

gave more meaning to the collected data. This network gave an overview of how each code 

relates to others, either as a contradiction, association, or a property. Important codes were then 

visible, which was not the case when viewing the codes in an alphabetically ordered list. This 

means these topics were most interesting to experts or most insightful on their knowledge or 

opinions. Importance of a code was based on both the number of relations between that code 

and other codes since the most important codes would likely have more relations connected to 

them, as well as the meaning of these relations.  

After that, each remaining code was tested against the concepts of the conceptual model 

to be ‘in line’ with the concept, or ‘contradicting’, keeping in mind that a code can be relevant 

for multiple concepts. The count of codes within both categories in relation to the total count 

of codes and the count of concepts that have at least one ‘in line’ code in relation to the total 

number of concepts provided insight into the knowledge of experts on Digital Twins.  

  



   

 

56 

 

4. Results 

This chapter contains the results of the analysis on the collected data. To start, the 

emerged themes are discussed. Here, the results of coding and grouping the interviews in At-

las.ti are described, including a quantification of these results. Then, an overview of the most 

meaningful codes is shown to get insight into what experts think are the most important con-

cepts in terms of definition, requirements, and benefits. Afterwards, the knowledge of partici-

pants is tested against the conceptual model. Lastly, the results are summarized. 

In total 224 parts of the interviews were coded to analyse. Based on data analysis on 

the codes in answers of respondents, twelve themes emerged, shown in table 3. The pre-defined 

themes are written in bold. The column ‘Count’ shows the number of codes per group. The 

colours are for ease of use during the data analysis when viewing the codes in Atlas.ti, but are 

meaningless. 

 

Table 3   

Groupings of Codes per Colour, Including Count of Codes per Group.  

Colour Meaning Count 

Black 

Dark blue 

Dark green 

Light blue 

Light green 

Turquoise 

Pink 

Yellow 

Brown 

Gray 

Red 

Purple 

Orange 

Definition of Digital Twin 

Requirements 

Benefits 

Opportunities 

Affirmation and/or positive thinking 

Sector/business goals 

Current State of sector/business 

Obstacles 

Historic events / past behaviour 

Data types 

Dispute and/or negative thinking 

Next steps / future of Digital Twins 

Other interesting remarks 

11 

11 

28 

24 

15 

11 

36 

57 

3 

2 

13 

8 

5 
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The important main groupings are Definition of Digital Twin, Requirements of their 

Digital Twin application, and Benefits of Digital Twins and Opportunities. The other themes 

that emerged are: 

- Affirmation and/or positive thinking, when a participant agreed with what was said 

by the interviewer, or gave a positive remark towards the topic; 

- Sector/business goals, when a participant mentioned a general goal of the sector or 

business, not a goal of working data-driven or of Digital Twins; 

- Current State of sector/business, when a participant mentioned that they are already 

working data-driven, already have a Digital Twin system, or relevant events that are 

occurring currently; 

- Obstacles, when a participant mentioned an obstacle that could hamper with work-

ing data-driven or with introducing a Digital Twin system; 

- Historic events / past behaviour, when a participant mentioned an historic event 

that is relevant to take into consideration with new IT projects; 

- Data types, when a participant mentioned what kind of data they are using or could 

be used; 

- Dispute and/or negative thinking, when a participant disagreed with what was said 

by the interviewer, or gave a negative remark towards the topic; 

- Next steps / future of Digital Twins, when a participant mentioned what the future 

could bring for Digital Twins; 

- Other interesting remarks, when a participant mentioned anything else that could 

be relevant for the recommendations towards IG&H.  

The number of codes relating to the main themes were 74 out of the 224 codes. Out of 

those 74 codes, 22 were related to data usage in general, mainly in the first part of the interview 

where general questions were asked. As mentioned in paragraph 3.4, these codes were left out 
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during the analysis since they are not directly relevant here. The remaining 52 codes in the four 

themes were specifically about Digital Twins. These codes are the important ones to analyse.  

The next step is to give meaning to the codes and find the most important ones. Some 

codes relate to others. For example, a benefit that is mentioned might fit well with a certain 

definition, or two definitions could contradict one another. The network of these codes can be 

found in Appendix III. Table 4 shows the codes that appear to be most important according to 

the network. In terms of the definition of Digital Twins, they are in the right ballpark. The most 

interesting benefits to experts are the ability to experiment with processes, and to optimize 

them. This is done with new technologies like A.I., and the fact that the Digital Twin is digital 

makes experimenting faster and means you do not have to try it out in real life and possibly 

waste money. Concepts like these fit well within the scope of Digital Twins. This means that 

the participants had a correct foundation of knowledge of Digital Twins, which is a good sign 

for the rest of the research.  
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Table 4  

The Most Important Codes per Dimension. 

Dimension Concept 

Definition (D) 

 

 

 

 

 

 

 

 

 

Requirements (R) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Benefits (B) 

1. “Een Digital Twin is … een digitale kopie van de core processen van de end to end data line-

age.” [A Digital Twin is a Digital Copy of the core processes of the end to end data lineage.] 

2. “Dus dat is een soort digitale kopie van een real world entity, waarmee je allemaal testen mee 

kan doen, of test runs mee kan doen, en reinforcement learning. Bijvoorbeeld een digitale auto 

maken die een baan honderd keer laat afgaan. Of wat ik al voor het interview … Digital Twin 

van een patiënt, waarop je kan gaan experimenteren, dat soort zaken.” [So that is a kind of 

digital copy of a real world entity, with which you can do all kinds of tests, do test runs, and 

reinforcement learning. For example make a digital car and let it run a track a hundred times. 

Or what I already before the interview … Digital Twin of a patient, on which you can experi-

ment, that kind of things.] 

1. “Technologieën die je vaak hoort waar we het net ook al over hebben gehad is dan machine 

learning, predictive, dat soort zaken.” [Technologies that you hear often that we already talked 

about are machine learning, predictive, those kinds of things.] 

2. “Ja ik zou de pure end to end data lineage pakken van je core proces. Dus allerlei anteceden-

ten of extraatjes, of extra services zou ik iets minder interessant vinden, maar de core van het 

proces, als je die gemodelleerd krijgt, inclusief een kansverdeling die overeen komt met externe 

macro factoren, dan zou die daarvoor in de retail sector het beste liggen” [Yes I would take the 

pure end to end data lineage of your core process. So all kinds of antecedents or additions are a 

bit less interesting to me, but the core of the process, if you manage to model them, including a 

probability distribution that aligns with external macro factors, then that would be the best fit 

for the retail sector.] 

3. “Je gaat allerlei technologieën gebruiken om te kijken hoe kan ik het verbeteren, zonder dat je 

het nou gelijk in het hier en het nu doet, op je eigen bedrijf” [You will use all kinds of techno-

logies to see what can I improve, without you doing it in the here and now, on your own com-

pany] 

1. “Met name experimenteren van wat kan anders, wat kan beter, en waardoor gaat het sneller? 

Ik denk dat dat vooral de focus is ja. En dan ook het proces dan een op een koppelen. Met zo’n 

Digital Twin, wat ik net al zei met A.I., het overnemen van, ik denk dat zo’n Digital Twin de 

nieuwe organizatie gaat worden” [In particular experimenting with what can be done diffe-

rently, what can be done better, en what makes it go faster? I think that that is the focus, yes. 

And then also connecting the process one on one. With a Digital Twin like this, what I just 

mentioned with A.I., taking over from, I think a Digital Twin like this will become the new or-

ganization] 

2. “Om er vervolgens een simulatie op lost te kunnen laten, met gebruik van nieuwe technolo-

gieën.” [To afterwards release a simulation on it, using the newest technologies] 
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Next is the gap analysis between the codes from the main code groups and the concep-

tual model. To research the gap, the codes need to be related to the concepts from the model. 

Table 5 shows per concept from the conceptual model the number of mentions of them. These 

mentions could be ‘in line’ or ‘contradicting’. Fifty times, a concept is correctly mentioned, 

while twice a concept is falsely mentioned. The two contradicting statements mean that twice 

an interviewee made a statement that was about one of the concepts but was incorrect.  

Twice a concept was mentioned that was not in the conceptual model, so those were not 

counted in Table 5. Also, a code can have mentions of multiple concepts. For example, the code 

“A Digital Twin is a virtualization of an asset that actually exists in real life” (hypothetical 

example) contains a mention of concept D1 as well as R3. This also happened twice. These 

two reasons mean that the number indicating the total amount of mentions is not the same 

number as the number indicating the total amount of codes, even though they both add up to 

52. 

At first glance, it appears that the knowledge of experts covers the conceptual model 

quite well. In total, 6 times a definition that is in line with the conceptual model was mentioned, 

7 times a requirement, and 37 times a benefit. Important to note that ‘in line’ was relatively 

loosely taken, because examples of a benefit or requirement or statements that had almost the 

same meaning were also included. The interviewees did not have to say the exact words that 

were in the conceptual model. Also, sometimes a participant did not immediately mention a 

concept, but only after one or two follow-up questions. Those answers were still counted.  

The total amount of ‘in line’ mentions comes up to 50, so with a total of 54 mentions 

(including the two double-mentions in a single code) there is a interviewee ‘hit ratio’ of 93%. 

This means that out of all the 54 times they mentioned a definition, requirement, or benefit, in 

93% they were correct.  
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Although at first glance it appears that the conceptual model is well covered, it does not 

paint the whole picture. The next step is to dive deeper into the collective knowledge of partic-

ipants. See Figure 4 for a visual simplified representation of the following information to quan-

tify the level of knowledge of experts according to the conceptual model. The figure shows a 

kind of Venn diagram, with the total scientific Digital Twin knowledge based on the conceptual 

model as a pink circle, the knowledge that expert 1 thinks relates to the concept ‘Digital Twin’ 

as the green circle, and the knowledge that expert 2 thinks relates to the concept ‘Digital Twin’ 

as the blue circle. The pink circle are the 15 concepts from the conceptual model. Both experts 

know only a subset of the 15 concepts. Part B is knowledge that both experts have, so this is 

considered common knowledge. Both experts knew a few things beside this common 

knowledge, depicted by parts A and C. Expert 1 included information during the interview that 

was not relevant to Digital Twins or said some contradicting comments, visualized by the part 

of the green circle that is outside the pink circle, part D. 

Figure 4 

 

A Simplified Visualization of the Knowledge from Two out of Five Business Experts Versus 

Scientific Conceptual Model. 
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From all the concepts that are listed, 13 out of the 15 were mentioned at least once. This 

means that the combined knowledge of five business experts contributed to 87% of the total 

knowledge on definitions, requirements, and benefits of Digital Twins (parts A, B, and C are 

87% of the Scientific Digital Twin Knowledge).  

However, this does not mean that every single expert knew 87%, nor that each expert 

knew a fifth of 87%, so 17%. As mentioned each participant had an overlapping but slightly 

different knowledge on Digital Twins, so not all of the 13 concepts are common knowledge. 

Some of the concepts made an appearance in these small differences and were therefore 

counted towards the total sum of knowledge of experts, even though it might have been only 

one expert that actually had this specific piece of knowledge. In table 5, most concepts have 

less than five mentions, which is an indication that not all five participants knew those concepts. 

From the concepts that have five or more mentions, it could also be that they mentioned by less 

than five experts, but they were mentioned multiple times per interview. 

Most sector experts understand the basic definitions of Digital Twins, so they mention 

the virtualization of an asset or process. However, when going into details, there are unfortu-

nately elements missing in their understanding of Digital Twins. The ultimate goal of a Digital 

Twin or reasons for businesses to develop a Digital Twin system are vague, so complete 

knowledge on requirements for a Digital Twin in order to develop a successful system are not 

quite there. 

For example, one of the interviewees said that if you copy a database, you already have 

a Digital Twin. Another said if you make sure all data is collected at a central location instead 

of fragmentized, you have a Digital Twin. Both of these examples are missing the Digital 

Model, and Digital Shadow. These were the two contradicting statements in Table 5, last col-

umn. 
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Another example is that only one interviewee specified the requirement for two-direc-

tional dataflow (R4), by saying that only monitoring does not classify as a Digital Twin. Other 

interviewees did not mention this requirement, and in the case when a direct question about 

two-directional dataflow was asked during one of the interviews, the participant said, after 

initially saying they did not think it was necessary, that it could provide value by making the 

Digital Twin of a client send data to the advisor. However, this is not a two-directional dataflow. 

Two-directional is from point X to point Y, back to point X. In their example, the data flows 

from point X to point Y, to point Z, where Z is a human actor that makes their own decisions, 

and the data is provided to this actor by reports or dashboards. The human actor (in this case a 

client advisor), uses this data to advise (and therefore control) the client – the asset of which a 

Digital Twin was made – so technically this closes the data journey back to point X, the 

‘twinned’ asset. More on the technicality of calling this a Digital Twin in the ‘Recommenda-

tions to IG&H’ section. 

The two benefits that were most often mentioned were financial or operational benefits 

like more profit, less risk, or higher efficiency (R8), or the ability to monitor in real-time and 

test scenario’s (R4). Since the interviewees were mostly upper management, some even at CXO 

level, it makes sense that they would be mostly interested in benefits like these. For them, the 

numbers of their business are driving their decisions, because the goal of management is to 

achieve higher sales, reduce cost, increase employee happiness, etc. It would not make sense 

to develop a Digital Twin if it does not benefit these kinds of factors at all. This is specifically 

mentioned by one of the interviewees. 

To summarize, there is a gap in the knowledge of business experts compared to the 

scientific norms. The gap is not per se big in terms of what they know collectively, since the 

experts managed to call out 87% of the conceptual model when taking the concepts form the 



   

 

65 

 

model relatively loosely. The knowledge of each individual expert is lower, and there are dis-

crepancies in the level of knowledge that they have. The depth of common knowledge of Dig-

ital Twins could be the biggest hurdle. In general, there is a shallow knowledge on Digital 

Twins per participant. This conclusion is based on the completeness of their explanations and 

the fact that most mentioned concepts had less mentions than the number of interviews. The 

majority of the interviewees admitted to having their knowledge from a quick Google search 

before the interview. Participants had thus somewhat of an idea of what Digital Twins were, 

and some of the benefits. 

4.1. Other Results 

At first glance at the number of codes per theme, it becomes clear that interviewees 

often mentioned obstacles with working data driven or with adapting to / using a Digital Twin 

system, even in questions that were not about obstacles. They also mentioned the current state 

of the sector relatively often, for example by giving examples of ways they are already includ-

ing data in their decision making or what technology is available. Regularly, they could not 

immediately see how a Digital Twin would be used in their own sector, or only came up with 

very specific and narrow examples instead of examples utilizing the broad, holistic view on an 

asset a Digital Twin could provide. 

During the interviews, participants were also asked about the negative side of Digital 

Twins or hurdles to overcome. A few important negatives that the interviewed business experts 

are interested in are 1) the cost of implementing and maintaining a Digital Twin; 2) the effort 

of implementing and maintaining a Digital Twin; 3) the effort required to maintain a proper 

level of data quality. 

A part of one of the interviews that stood out is important to keep in mind before making 

recommendations for IG&H regarding how to support clients who are interested in Digital 
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Twins. They said that they do not go into details about how a certain technology works, what 

the technology is called or how to implement it. They just discuss business value and keep the 

technical terms to a minimum. They also said that to them, the only thing that is relevant is 

what happens in the real world, even if they are scientifically wrong. They do not care about 

scientific requirements, as long as it adds value to the business. This is the most important 

factor to take into consideration. Implementing technology needs to add business value. This 

is corroborated by another participant, who told an anecdote about the time when they bought 

licenses for software after following a hype, but only after spending the money, it became clear 

that the software did not have any business value, and they stopped working with it.  
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5. Conclusions and Recommendations 

5.1.  Conclusion 

This research was a normative gap analysis on the knowledge of business experts on 

Digital Twins versus the norms created by scientific literature on the topic to make recommen-

dations that could be a step for IG&H in internalizing Digital Twins into their capabilities. The 

main research question was: How can IG&H better help clients in their Digital Twin imple-

mentation journey, considering a client’s knowledge on Digital Twins in the sectors Healthcare, 

Retail, Pensions, and Insurance/Banking?  

The first thing that was done was setting the norms in a conceptual model. By research-

ing scientific literature on Digital Twins, collecting the main definitions, requirements, and 

benefits from them, and filtering them by importance, a conceptual model of Digital Twins was 

created inductively. These concepts from the conceptual model were then used to deductively 

test the knowledge from a sample of interviewees. This sample was a representation of the 

sectors that IG&H operates in, to get a proper representation of the Digital Twin knowledge of 

their clients, and therefore increase the usefulness for them. In the next paragraph, recommen-

dations towards IG&H are made. 

To summarize the first step of this research, Digital Twins are a virtualization of an 

asset in the real world. This could be a physical object like a machine or factory floor, but also 

a (set of) process(es). The definition that was formed in this research is as follows: A Digital 

Twin is a virtualization of an identifiable, singular real-world asset throughout the asset’s life-

time, containing a sufficiently accurate Digital Model, a Digital Shadow that provides the Dig-

ital Twin with an evolving dataset, and services that allow the Digital Twin to use the data 

purposefully using a two-directional dataflow. The benefits include 1) the ability to monitor 

the asset; 2) test out scenarios faster and more easily than legacy software without doing the 
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tests in real life and possibly waste money or time; 3) optimization of processes; 4) ultimately 

an increase in efficiency, profit, competitiveness, or flexibility of operations. 

The analysis on the difference between the knowledge of business experts and the con-

ceptual model showed that there is a gap in knowledge. Although it is difficult to quantify the 

gap of individual participants compared to the conceptual model, collectively the participants 

were able to list 87% of the conceptual model when applying a relatively low similarity thresh-

old to count what participants mentioned during the interview as fitting within a concept. More-

over, in some cases the participant was asked follow-up questions before getting the ‘right’ 

answer. 

While some of the participants knew about Digital Twins, a majority had to do a quick 

Google search, which was triggered by the fact that they were doing the interview to find in-

formation on the topic. Without this trigger, they would not have searched for information on 

Digital Twins, and thus the collective knowledge that fits in the conceptual model would have 

been lower.  

5.2.  Recommendations to IG&H 

This research aims to provide value to IG&H and their clients. The recommendations 

of this chapter are twofold; first, recommendations about future research are given. Second, 

recommendations about supporting clients in their Digital Twin journey are given, mainly 

about using the term ‘Digital Twin’ to market their capabilities, even when strictly speaking 

the scientific definition might not be adhered to. 

5.2.1. Future Research for IG&H 

Although it is of much use for IG&H to have a conceptual model and to have a sense 

of how much business experts know about Digital Twins, this research is not a complete im-

plementation guide. This research is a first steppingstone in the internalization of Digital Twins 
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in their capabilities, which they can use for client cases. As for the next steps that will further 

increase IG&H’s grasp on Digital Twins to eventually apply it in real life, there are some topics 

that IG&H must research further. 

The first thing that needs to be researched further are different strategies of how to 

implement a Digital Twin system. There are many examples of Digital Twin software, and each 

has their own strengths and weaknesses and should therefore be used in their own set of use 

cases. After selecting a software, it is important to know about how to start, what other pieces 

of software and/or hardware is required, what the logical order of steps to take is, and what the 

best practices are. Implementation is a core skill that is required before even discussing Digital 

Twins with clients, so learning this skill to at least an adequate level is necessary. 

As mentioned earlier, there is a certain hype factor surrounding Digital Twins. This 

results in a lot of positive articles about the topic, that include all the benefits of Digital Twins 

and possibly exaggerating them. Especially in ‘blog-style’ articles, almost no negatives of Dig-

ital Twins are found. These factors also need to be researched further, especially the ones men-

tioned in the paragraph ‘Other results’ in the previous chapter. Gaining knowledge on the cost 

and effort are possible after researching implementation strategies mentioned previously, be-

cause IG&H needs to know first which types of software are out there, and which steps need 

to be done in order to implement a Digital Twin system before knowing what the costs will be. 

5.2.2. Supporting Clients in their Digital Twin Journey 

IG&H is mostly interested in the DTO, and interviewees often related the answers to 

business processes instead of physical assets like machinery, so theory in the DTO has much 

more business value for the interviewed clients and therefore for IG&H. To avoid wasting re-

sources like time and money, and to increase the success rate of implementing a Digital Twin 

system, it is crucial to get the most business value compared to the resources spent. Meaning 
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that you should only implement what is needed. If a business sees value in having a Digital 

Twin-like system but prefers to save costs on development or feels more secure by making all 

the decisions themselves or at least with the interference of personnel, it does not make sense 

to add the possibility for the Digital Twin system to make autonomous decisions. Especially in 

the financial sectors, that are highly regulated and where ethics are often involved in the deci-

sion-making, it might be better to not let the Digital Twin make its own decisions. If a person 

from the company makes a decision based on a recommendation from the Digital Twin, after 

experimenting with the Digital Twin, or based on a piece of monitoring that is possible with 

the Digital Twin, there is no automatic returning data flow between the digital and the physical, 

but there is information flow. 

In such a case, this system does not count as a traditional Digital Twin according to the 

scientific literature. If IG&H wants to conform to the scientific norms that were set, they should 

not market their capabilities as ‘Digital Twins’ if their capabilities do not check every box. 

However, as mentioned before, higher-up management’s goal is to get the most business value 

out of their investments of resources. Precise terminology of the technologies they employ are 

not their main concern. The dilemma on marketing Digital Twin-like capabilities was already 

mentioned in the previous chapter. The term ‘Digital Twin’ is already familiar in the business 

world, so changing the term could cause confusion. IG&H could be shooting themselves in the 

foot if they started using another term, for example ‘Digital Blueprint’, since their competitors 

and the companies that develop the software are probably not changing. This could cause cli-

ents to choose competitors over IG&H, who are promising a well-known ‘Digital Twin’ instead 

of their own ‘Digital Blueprint’, even when the eventual product or system could end up the 

same. Therefore, IG&H could call a Digital Twin-like system a Digital Twin to stay with fa-

miliar terms. It is generally not a good idea for IT or consultancy firms to overpromise to cli-

ents. However, if the clients have a limited knowledge of Digital Twins and its definition and 
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requirements according to the scientific conceptual model but what they do know is exactly 

what they need, it is best to avoid confusion over terminology. As long as the clients end up 

getting what they need, there should not be an issue in deviating from the scientific norms. In 

this case, you move from a rule based naming convention, that sticks to a set of rules like the 

conceptual model, towards a principle based naming convention, that keeps in mind the under-

lying principle of what the system does. IG&H does have the responsibility to make sure clients 

understand what they sign up for, to educate clients on the possibilities of Digital Twins, and 

to go through the conceptual model to decide together with the client what is needed in their 

specific case. 

As Becker & Pentland (2022) specified, a Digital Twin is more than just the dashboard 

with visualizations. However, they also mentioned that the technology for a proper DTO just 

is not there yet. Recall the quoted sentence from their work that mentioned that a DTO is not 

just the car, but the car and its driver. In this case, the driver is included in the Twin under the 

assumption that they control the car, and the Digital Twin offers dataflow towards the driver in 

the form of recommendations. From this perspective, an dataflow that would automatically and 

autonomously make recommendations to an employee that was described earlier fits within the 

DTO type of Digital Twin, and you could therefore argue that it meets the requirement of an 

automatically returning dataflow. Since a DTO is a type of Digital Twin, this case does count 

as a Digital Twin and is therefore another argument why IG&H could use the term ‘Digital 

Twin’ in this case. Note that this only counts for the dataflow form the digital to physical space. 

 Using the term ‘Digital Twin’ for a Digital Twin-like system creates the opportunity 

for future developments where the Digital Twin can make these autonomous decisions, because 

it builds trust in the system, and people get hands on experience with it. Two interviewees 

mentioned that trust is a major issue when dealing with new technologies in the workspace, so 

this could be a helpful step. If clients are aware of what the possibilities could be in the future, 
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the Digital Twin-like system could be a ‘version one’ as a first step to adapt to the new tech-

nology, and to build trust, and when the technology is developed further, use it as a foundation 

to build the Digital Twin ‘version two’, which could perhaps include the autonomous decision 

making. This also means that the cost of taking the next step is lower. An upgrade is much 

easier and cheaper than a replacement. This is in line with the iterative process of building a 

DTO with the five principles, proposed by Parmar et al. (2020). 
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6. Discussion 

In this chapter, the conclusions are interpreted and their implications for the real world 

are analysed. Afterwards, the caveats of this research and its method are discussed. Lastly, an 

idea for future research is proposed. 

 The first point of discussion is the differences between individual participants and their 

collective knowledge. In total, 87% of the conceptual model was found in the interviews, but 

each individual participants knowledge was much lower. There was no quantification given for 

this number. Although it might give more insight in each participant, it has no weight in a real-

life practical sense. Decisions on whether or not an organization will implement a Digital Twin 

system are not made by an individual, but rather by a group of managers, developers, consult-

ants, or other stakeholders. During business meetings, all their knowledge is collected, and with 

their collective knowledge they will make a decision. With their statements being correct in 

93% of the time and their knowledge covering 87% of the conceptual model, they should be 

able to collectively figure out if their organization could use a Digital Twin, provided that the 

person with the least knowledge or perhaps with some wrong knowledge has no overbearing 

presence, for example a CEO with strong opinions. It makes knowledge-sharing very im-

portant. However, to stay on the right track and to increase the confidence of their decision, it 

is highly beneficial for a consultant, who is familiar with the conceptual model, to be present. 

This research is beneficial for IG&H and other consultants, but also for other scientific 

research. The only part that is not relevant for researchers is the section ‘Recommendations to 

IG&H’, especially the paragraph about the use of the term ‘Digital Twin’. As seen in earlier 

chapters, there already is enough disparity between the used definitions. An increase in align-

ment between scientific sources is preferred. The conceptual model could be a good way to 

start. Scientific literature should not have the same freedom to use terms whenever the re-

searcher sees fit but should adhere to a more common definition. 



   

 

74 

 

Although this research has been completed successfully, there are some caveats that 

need to be addressed. Some aspects could have been done differently or better, and there are 

some things that need to be kept in mind when using this research as source or starting point 

for further research. 

To start, a noteworthy research confound is the fact that I am doing this research for 

IG&H while also working there. This was not an issue in terms of time or interferences with 

my research, but it did induce a bias in favour of IG&H. This is especially important to be 

mindful of in the previous chapter, the conclusion. I decided that it is acceptable to call a Digital 

Twin-like system a Digital Twin, based on certain factors. For example, the fact that one of the 

interviewees, who is a client of IG&H, mentioned that they do not care about terminology of 

IT systems, only about business value. Another factor was the mentioning of trust and the slow 

adaptation of technology in general, which require a more step-by-step approach of adapting 

to Digital Twins. To me, these factors were enough to deviate from the scientific definition and 

requirements to call something a Digital Twin. An independent researcher might think that 

these arguments are not strong enough and thus not agree with the conclusion. They could also 

be stricter in the deductive analysis of the participant knowledge when checking off concepts 

from the model, for example by not asking as much follow-up questions, or be stricter in how 

the answers were worded by the participant. 

Second, to build the conceptual model, I researched scientific literature and used the 

most important concepts from those. However, because I tried to stay as close to existing liter-

ature as possible and to not mash together different sources, there is some overlap in some of 

the concepts. If I took the liberty to dissect the content of the sources further and grouped them 

together in a different way into clear, separated concepts, there would have been less codes that 

mentioned multiple concepts and that would have made the conceptual model clearer. 
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Lastly, there is the fact that some participants used Google to search information on 

Digital Twins right before the interviews. This could be problematic in two ways: first, it gives 

a wrong idea about the level of ready knowledge from business experts, merely the amount of 

information they can remember within the timeframe of roughly one hour. Instead of giving 

insight into what knowledge is already available within organizations on Digital Twin technol-

ogy, it gives insights into what the participant can remember from what they just read online. 

Second, this also means that the business experts are highly influenced by the few webpages 

they read, instead of taking time to form their own opinions or hearing about Digital Twins 

from multiple angles by talking to colleagues, software developers, or managers from other 

organizations. However, it does show their capability to retrieve new knowledge and shows 

how business experts find their knowledge, something they would also normally do before a 

business meeting mentioned earlier in the discussion, so this fact could also be a good insight 

and make the use of Google beforehand less problematic. When asking people to participate in 

my research, I did mention that I am testing their knowledge, but prior knowledge of, or expe-

rience with Digital Twins is not required. I hoped that this would be enough to make them feel 

like they should not search the term on Google, but I should have made it more explicit. 

What is interesting to scientifically research further is the difference between sectors. 

It could be that Digital Twins are more useful in certain sectors, that the knowledge on Digital 

Twins is higher in some sectors, or that a certain type of Digital Twin is more applicable in a 

particular sector. This could be because of differences in frequency and types of data, or the 

frequency of decision-making. For example, a retailer who has a sorting machine or delivery 

vehicles makes use of different data and makes decisions in other ways than a pension fund 

would. These differences are important to understand before making decisions on the Digital 

Twin implementation strategy. A rough draft has been prepared in Appendix IV. Initially, the 
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per-sector analysis was part of this research as well. However, given the amount of effort com-

pared to the amount of time, this turned out to be unfeasible and therefore what I already had 

was moved to the Appendix as a draft for further research. This is also why the Pension sector 

is missing there.  
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Epilogue 

During the last five months, I have worked on this thesis. Although this was a topic that 

has been proposed by IG&H, it was a very challenging topic that fit perfectly with my interests 

and requirements for a research topic. This was fortunate, because it kept me motivated to keep 

working and doing research, but it also meant that I might have taken it too far in some respects. 

Every time I found something that interested me, I wanted to include it in my research. It was 

hard to make the decision to exclude certain facts from the chapter about the knowledge norms 

in the conceptual model. It was almost like I wanted to ‘teach’ everyone everything about Dig-

ital Twins. Whatever I found interesting, I wanted to explain it to whomever. This is obviously 

not doable for a master’s thesis and would in fact even diminish the quality of the work. Know-

ing this, I still struggled with keeping it short and concise. I also took on more I could chew 

research-wise, by also trying to analyse the differences between sectors. It was a huge weight 

off my shoulders when I decided to let that go, and it might have been something I should have 

done earlier. This was a good lesson to learn, one that I can hopefully use during the rest of my 

career. 

Despite these hardships, it is still a research paper that I am proud of, and I hope it 

serves the purpose that IG&H was hoping to get out of this. Learning about a new topic from 

scratch is what I like doing, and so is spreading this knowledge. Being challenged to sift 

through a plethora of sources to find relevant information, to distinguish fact from hype, and 

to form a complete knowledge base with both the good and the bad, are things that I am very 

keen on. I am very grateful for this opportunity and for the trust that IG&H has given me that 

I would provide them with the knowledge that they need. 
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Appendix 

I. Interview guide with initial questions 

Table A1 

 

Interview Guide with Initial Questions. 

 

Goal of the research - Sector knowledge of Digital Twins 

- Benefits of Digital Twins 

- Difference with scientific literature 

How will the interviews be 

used? 

- Data collection 

- Answer the research question 

Consent to recording and use 

of the data 

- Recording of the interview 

- Storing of data until thesis is graded on secure IG&H 

environment 

Questions of the sector - How do you use data and analytics? 

- What kind of data is available? 

- How is this data stored? 

- What does this data represent? 

- What are data-related issues you are faced with? 

- What are other IT issues you are faced with? 

- How could data and IT change your business? 

- What kind of benefits? 

Explanation of Digital Twins 

and Digital Shadows 

- Digital copy of a physical thing 

- There is an automated dataflow between the real and 

virtual 

- Can also be a DTO 

Questions of Digital Twins - What do you know of Digital Twins / Digital Shadows? 

- Does your organization already use this or planning on 

doing so? 

- What are the automatic dataflows in your sys-

tem? 

- What do you think the benefits are? 

- Where do you see issues with this technology? 

- What should the granularity be? 

Ending - Do you have any questions? 
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II. Interview 

[Begin het interview met een korte kennismaking zodat de interviewer en geïnterviewde we-

ten wie er “aan de andere kant van het scherm” zit. Daarna het interview beginnen.]  

Bedankt voor uw interesse in deelname aan dit onderzoek. Ik zal eerst beginnen met het doel 

van dit interview: mijn onderzoek gaat over het verschil tussen hoe de wetenschappelijke literatuur de 

Digital Twin beschrijft en hoe experts van verschillende sectoren naar deze technologie kijken en hoe 

deze in het echt gebruikt wordt of kan worden. Dit interview geeft mij de data die ik nodig heb om die 

vergelijking te maken. Aangezien het over verschillende sectoren gaat, in dit geval [sector], en niet 

over individuele bedrijven, hoeft u zich niet te limiteren door wat er binnen uw bedrijf speelt maar u 

mag ook antwoorden met algemenere informatie. U mag zo veel of weinig en zo breed of specifiek 

vertellen als u zelf prettig bij voelt, en er zijn geen goede of foute antwoorden. U mag ook een vraag 

niet beantwoorden of zelfs op elk moment stoppen met dit interview, zonder enige consequenties. Alle 

antwoorden zullen anoniem worden verwerkt, dus de naam van het bedrijf, uw eigen naam, en uw rol 

binnen het bedrijf worden vervangen door ‘[sector]’, ‘geïnterviewde’, of ‘rol’. Het interview wordt 

uitsluitend gebruikt voor mijn thesis, en de data wordt na mijn afstuderen gelijk verwijderd.  

Gaat u hiermee akkoord en doet u dus mee met dit onderzoek?  

Ik wil graag de audio van dit interview opnemen. Dit om de kwaliteit van het interview te be-

vorderen, en zodat ik later de exacte bewoording kan transcriberen zonder de kans op het weglaten 

van informatie of verkeerd samenvatten van uw antwoord. De uitgeschreven tekst zal ik na het inter-

view naar u opsturen, zodat u de kans krijgt om te controleren of alles wat is gezegd op de juiste ma-

nier is opgeschreven en dus op de juiste manier wordt gebruikt in mijn analyse. De opname wordt na 

deze goedkeuring verwijderd, zodat alleen de goedgekeurde en geanonimiseerde tekst overblijft.  

Gaat u mee akkoord dat dit interview wordt opgenomen?  

[Indien “ja”, de opname starten!]  

De geïnterviewde is net akkoord gegaan met de deelname van het onderzoek en het opnemen ervan. 

Bij deze is de opname gestart.  

Heeft u verder nog vragen voordat het interview gaat beginnen?  

  

  

Ik wil graag beginnen met eerst wat algemene vragen, niet direct gericht op Digital Twins.  

[Vanaf hier tot aan witregel: de dikgedrukte tekst zijn de vragen, de normale tekst wordt al-

leen gebruikt als er een verduidelijking van de vraag gevraagd wordt, of als leidraad om door te vra-

gen]  

1 In welke mate zou u zeggen dat [sector/bedrijf] data-gedreven werkt?  

Denk hierbij aan het gebruik van rapportages, het sturen van het bedrijf door data, etc. Welke automa-

tische datastromen lopen er?  

2 Op welke manier worden Data Analytics of Data Science toegepast?  

Dit kan zowel met doel hebben het product verbeteren, of de processen binnen het bedrijf.  

3 Op welke soort data wordt dit toegepast?  

Gaat het puur om data van klanten? Of ook data over processen in de organisatie? Hoe wordt deze 

data verkregen en opgeslagen?  

4 Welke voordelen haalt [sector/bedrijf] uit data-gedreven werken?  

Betere kwaliteit product? Snellere reactie op wensen van klant? Snellere levering van product/ser-

vice? Betere omzet en winst? Staan mensen daar open voor of is er weerstand?  

5 Ziet u verschillen in het gebruik van data en de voordelen hiervan tussen grote en 

kleine bedrijven? Zo ja, waaruit blijkt dat en hoe komt dit?  
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Grotere bedrijven hebben misschien meer data beschikbaar, en meer budget voor software developers 

en data scientists.  

6 Zou u voorbeelden kunnen bedenken van data die wel beschikbaar is, maar nog niet 

gebruikt wordt, of niet nog optimaal?  

Misschien bepaalde klantdata? Of misschien data van processen binnen de organisatie?  

7 Met welke problemen gerelateerd aan data heeft [sector] te maken?  

Bepaalde wetgeving? Onbereikbare databronnen? Bereidheid van mensen op data te delen? Versprei-

ding van data binnen de organisatie naar de juiste personen/teams? Accuraatheid of snelheid van 

data?  

  

Dit is het eerste deel van het interview. Heeft u hier nog verder dingen die u wilt benoe-

men of andere zaken die mogelijk interessant kunnen zijn?  

Ik zou nu graag verder willen gaan met de vragen over Digital Twins.  

[Vanaf hier tot aan witregel: de dikgedrukte tekst zijn de vragen, de normale tekst wordt al-

leen gebruikt als er een verduidelijking van de vraag gevraagd wordt, of als leidraad om door te vra-

gen]  

8 Komt het begrip Digital Twins u bekend voor?  

[Indien “ja”, vraag 9]  

9 Wat is volgens u een Digital Twin?  

10 Komen de begrippen Digital Shadow, Digital Model, of Digital Twin of the Organisa-

tion u bekend voor?  

[Indien “ja”, vraag 11 & 12]  

11 Zou u die kunnen omschrijven?  

12 Hoe relateren deze begrippen aan elkaar?  

[Indien “ja” op vraag 8, vraag 13 t/m 15]  

13 Wat zou het voordeel zijn van een Digital Twin?  

Verschillen tussen een normale Digital Twin en een Digital Twin of the Organisation?  

14 Hoe zou zo'n Digital Twin werken binnen [sector]?  

15 Wat verwacht u van Digital Twins in de toekomst?  

[Indien “nee” op vraag 8, vraag 15]  

16 Wat zijn uw verwachtingen bij een Digital Twin?  

  

U heeft aangegeven het begrip Digital Twin en de andere begrippen [wel/niet] te kennen. Ik 

zou u graag willen vertellen wat er in de wetenschappelijke literatuur valt onder deze technologieën.  

Een Digital Model is een virtuele kopie van een fysiek artefact. Dit kan een 3D model van een 

machine zijn, maar ook een model die in kaart brengt hoe bedrijfsprocessen aan elkaar relateren. Een 

Digital Twin is wanneer je een bi-directionele datastroom eraan toevoegt, zodat deze in real-time en 

autonomisch beslissingen kan maken of kan experimenteren. Deze data kan uit een hoop verschil-

lende bronnen komen, en worden dan aan elkaar gekoppeld door middel van het visuele Digital Mo-

del. De keuzes worden gemaakt door bijvoorbeeld Artificial Intelligence, op basis van inkomende ge-

gevens in real-time, maar ook historische data uit een datawarehouse. Als link tussen een Digital Mo-

del en Digital Twin zit een Digital Shadow. Deze Digital Shadow heeft als taak de data, van bijvoor-

beeld IoT sensors, op te schonen en te aggregeren zodat de Digital Twin alleen de juiste data ontvangt, 

en met het juiste niveau van detail. Er zijn dus drie lagen. Een Digital Model, die het visueel maakt en 

het dus makkelijker maakt om te zien hoe onderdelen en data aan elkaar relateren, een Digital Sha-

dow, die zorgt dat data snel op de juiste manier naar een centraal systeem wordt verstuurd, en een Di-

gital Twin die met algoritmes het fysieke artefact in real-time kan sturen of kan experimenteren. Als 
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zo'n Digital Twin gemaakt wordt voor bedrijfsprocessen van een organisatie, is het een Digital Twin 

of the Organisation.  

Heeft u nog vragen over deze uitleg?  

  

[Vanaf hier tot aan witregel: de dikgedrukte tekst zijn de vragen, de normale tekst wordt al-

leen gebruikt als er een verduidelijking van de vraag gevraagd wordt, of als leidraad om door te vra-

gen]  

17 Komt deze uitleg overeen met uw [verwachtingen over Digital Twins/huidige kennis 

over Digital Twins]?  

18 Maakt [sector] al gebruikt van Digital Twins?  

Met welke software? Wat wordt er ‘getwint’?  

19 Hoe zouden Digital Twins toegepast kunnen worden?  

Is het daarvoor nodig om die directe bi-directionale datastroom te hebben?  

20 Wat zouden de voordelen van een Digital Twin kunnen zijn?  

21 Welke problemen verwacht u met Digital Twins?  

  

Dit was het einde van het interview. Heeft u verder nog aanvullingen die nog niet zijn 

besproken?  

Heeft u verder nog vragen?  

Dan wil ik u bedanken voor dit interview. Uw inzichten zijn erg waardevol en gaan mij zeker 

helpen met mijn thesis. Wanneer ik het hebt afgerond, zal ik mijn scriptie met u delen als u dat wilt. 

Zoals ik in het begin al heb gezegd, zal ik de uitgeschreven tekst naar u opsturen. Dit hoop ik binnen 

een week te doen. Als u die zou willen doorlezen en feedback en goedkeuring zou willen geven, zou 

ik dat erg waarderen! Voor nu bedankt voor uw tijd en moeite, en tot ziens.  
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III. Network of Definitions, Requirements, Benefits 

   
Figure A1 

 

Network of Definitions, Requirements, Benefits. 
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IV. Sector knowledge 

IG&H operates in five sectors: Health, Retail, Pensions, Insurance and Banking 

(IBAN). It is relevant for IG&H and for sector experts to know what scientific literature brings 

up as main data-related issues, possible opportunities for implementation of new technologies, 

or use cases for Digital Twins. IG&H and sector experts need to know how Digital Twins are 

relevant to their business and how Digital Twins can help them overcome certain hurdles. This 

part sticks to the topic of Digital Twins, so issues that the sectors are dealing with or opportu-

nities for the future that are not related to Digital Twins are left out.  

a. Health 

i. Domain information 

Healthcare in the western world faces my challenges. A shortage of budget and staff 

combined with an increased demand leads to patients being confronted with long waiting lists. 

Moreover, because of the increase of technology in healthcare, the complexity of care increases 

and specialists are narrowing their field of expertise, leading to fragmentation in healthcare. 

This fragmentation is also due to the increase in specialised medical centres (Vlug et al., 2007). 

Johansen et al. (2018) also list as challenges that healthcare faces with: the ageing population, 

the increase in chronic diseases, and the increasing cost of healthcare related to technological 

advancements and fragmentation. Boundaries of optimization are being reached, and therefore 

a fundamental change is imperative. 

Adequate electronic communication between specialists is necessary. The National IT 

Institute for Healthcare in the Netherlands (NICTIZ) has, together with patient organizations, 

healthcare providers, health insurers, and government agencies, designed the infrastructure to 

what is now known as the National Electronic Patient Record (EPR). The way this works is as 

follows: a specialist in a hospital enters a piece of data into the database of their hospital, for 

example medication they prescribed. The EPR does not receive this information, but rather the 
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location where this information is stored. When another authorised specialist from another hos-

pital wants to know which medication the patient uses, the ERP will look through the indexes 

and pulls data from the hospital-located databases and forwards it to the specialist. A 

switchpoint mechanism as such ensures that data is always up-to-date, and no central database 

is at risk of being compromised. This increases trust and privacy (Vlug et al., 2007). Although 

it has benefited data sharing in general, there are some specific cases where these EPR’s did 

not add value. For example, the case of Adverse Drug Reactions (ADR) where health profes-

sionals did not systematically register these reactions, even though for colleagues it was often 

crucial to know about a patient’s reaction to a certain drug. Barriers related to this paper were: 

the IT systems were inadequate, professionals were stuck in routine, time constraints, or lack 

of support. With the right support and IT systems, the number of registrations of ADR’s would 

increase (Geeven et al, 2022). Cases like these show that the EPR is not quite a complete solu-

tion. 

ii. Current data issues and opportunities 

There has been an increase in Cloud adoption and digitization of patient files. Despite 

all the benefits of these electronic health records, an enormous struggle for healthcare is data 

security. A data breach is defined as any “illegitimate access or disclosure of the protected 

health information that compromises the privacy and security of it” (Seh et al., 2020, p. 5). 

Besides other factors, the usage of smartphones and medical IoT devices has become another 

point of failure for data security. Most breaches have financial gain as motive since data records 

from patients can be sold for hundreds of dollars. From 2015 to 2019, almost 77% of all data 

breaches happened in the healthcare sector, for a total of 3912 breaches during this period. This 

resulted in 249 million individuals affected by a data breach. Especially data breaches resulting 

from hacking and unintentional disclosure have become more common in that timeframe. 

Theft/Loss and improper disposal have decreased in the same time period (Seh et al., 2020). 
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Also with Digital Twin technology, data security is an important concern since data is being 

collected and stored. 

Another issue healthcare is dealing with, is the widely decentralized and autonomous 

data collection. Healthcare data exists in many forms, from books to spreadsheets. These are 

filled with medical standards and coding schemes, which often do not translate to each other. 

All this data comes from different sources and have different destinations (Berndt et al., 2001; 

Koh & Tan, 2005). For example, a general practitioner might send a signed (online) letter about 

a patient to the pharmacy, or a cardiologist might call up a physiotherapist.  

Because of rising costs and increased demand, the healthcare sector can benefit from 

preventative healthcare instead of reactive healthcare. Focussing on the prevention of diseases 

rather than solving them will ensure more people have access to healthcare, which is a human 

right. However, to do this well, you will need as much data from patients as possible. The issue 

with this is that these patients also have the right to privacy, preventing the healthcare sector to 

use certain data (Nunes, 2022). This means that they will need other ways to gather data and 

can only use public data or data that the patient has consented to sharing. Data mining is already 

being used in healthcare (Nunes, 2022; Koh & Tan, 2005). Data mining can extract useful 

information or insights form large datasets. It is the fourth step in the five-step knowledge 

discovery process: Data selection, Data pre-processing, Data transformation, Data mining, In-

terpretation, and evaluation (Bhambri, 2011). Data mining tools and storing data on databases 

can facilitate automatic prediction of behaviour and future trends, and discovery of hidden pat-

terns. These tools do this by applying machine learning concepts to data, for example (un)su-

pervised learning. Machine learning enable tools to learn from their own performance and 

modify their functionality. Supervised learning means that this process happens by providing 

the algorithms with data and scoring their expected outcomes with the known outcomes. The 

algorithm learns the model of logic to go from the data to the known outcome, and applies this 
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model to new data of which the results are not yet known. Unsupervised learning has no known 

outcomes during the learning process (Chitra & Subashini, 2013). These tools can help support 

healthcare providers make better decisions. This is currently underused, because of the diffi-

culty to match the right algorithm with a use case. There are many algorithms available, and 

each type of disease requires a different one, or at least a specifically tailored one (Jothi et al., 

2015). This means that data mining is currently used in the diagnosis of specific diseases as a 

supporting tool that can confirm or deny a doctor’s expectation, helping the healthcare provider 

with making a decision. In their paper from 2015, Jothi et al. provide no examples of an auton-

omous diagnosis by data mining based on a holistic view on the data from a patient. Other 

papers like Huang et al. (2017), Naqa et al. (2010), or Afzal et al. (2020), propose the same 

narrow functionality of data mining or artificial intelligence in healthcare. Their research fo-

cusses on esophageal cancer, tumor control probability, or multiple sclerosis respectively. Maz-

zanti et al. (2018) also suggest that the use of data mining and artificial intelligence through 

Health Care Internet of Things in cardiac imaging is merely an augmentation to the ability of 

doctors to find key data, but not to diagnose patients. 

Besides helping doctors diagnose patients, data mining can also be used to evaluate the 

effectiveness of treatments by proving which courses of action are most effective, aid 

healthcare management by allowing the analysis of cost-cutting interventions, increase patient 

satisfaction by improving service, and detect fraud and abuse by comparing unusual patters of 

claims by physicians to the norms that are set (Koh & Tan, 2005). 

Even if the use cases of data mining and artificial intelligence in healthcare are worth 

the investment, there is still the problem of rigid human behaviour. Both the clinicians and 

patients are faced with alert fatigue from their software or phones or are stuck in their habits. 

Their frustration when requested to change prevents a change of these habits (Emanual & 
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Wachter, 2019). In other words, it might take a while before all real-time data is properly used 

in this sector. 

iii. Existing examples of Digital Twin technology 

The same narrow functionality as mentioned before can be found in healthcare Digital 

Twin technology research. A Digital Twin digitizes the patient on a molecular, physiological, 

and life-style level. Even though the patient can be fully digitized in theory, Digital Twin re-

search in healthcare focus on specific conditions or specific settings.  For example, a Digital 

Twin has been developed for cardiovascular diseases. A virtual model of the heart is created. 

Afterwards, the model is used to test different treatments. This digital development does require 

a lot of data, and an enormous dataset to train and test the artificial intelligence models on. 

Many patients willing to share this data is therefore necessary. With the right infrastructure, 

multi-stakeholder collaboration, and an open receptiveness to this technology, Digital Twin 

technology could present great benefits to move towards precision medicine, where the right 

treatment is chosen based on not only symptoms, but also genetics and lifestyle (Coorey et al., 

2021). 

b. Retail 

i. Domain information 

Instead of going through scientific papers on the retail sector to get more general infor-

mation on the domain, 10-K forms of a range of publicly traded companies in the retail sector 

are examined. 10-K Forms are documents that publicly traded companies must share annually. 

These documents are under strict guidance of the U.S. Securities and Exchange Commission 

(SEC). The public needs to be made aware of all relevant information in order to make an 

investment decision, for example business risk, market risk, future opportunities, and financial 

data. The SEC upholds these documents as truthful and legally binding, so businesses craft 
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these with care12. To increase the validity of these sources for this paper even further, they are 

cross-referenced with those of competitors. Analysing these reports is a good analysis on what 

risks, hurdles, or opportunities some of the biggest U.S.A. retail companies are faced with. The 

forms used are from a range of companies, with the most recently published documents. 

Between ten different 10-K forms used for this paper (excluding papers used for cross-

referencing), all ten mentioned that the retail sector is highly competitive. They also mentioned 

that the sector is under influence of high seasonality, with higher sales during the fourth quarter. 

Most of them report growing online sales, or an increasing IT foundation. Technology provides 

a competitive advantage against businesses who are lagging in this regard. For example, con-

sumers should be able to compare prices easily across stores and read reviews. IT is also used 

behind the scenes, in for example monitoring the production process, scheduling shipments to 

customers, marketing more efficiently, forecasting of vendor and consumer behaviour by gath-

ering data of vendors and customers, and reporting on operations. Stores use IT systems to 

make decisions on where to build a store and what the layout of the store should be, and man-

ufacturers or distributors use IT for the layout of the production process or to optimize the 

distribution network. Businesses that are in the food, selfcare or cosmetics business are also 

under strict regulation of the FDA, so they must closely monitor the quality of their products. 

In other words, the adaptation of IT is vital to growing financial results. A proper IT infrastruc-

ture can increase sales and reduce costs (Best Buy Incorporated, 2022; Dollar Tree Incorpo-

rated, 2022; Domino’s Pizza Incorporated, 2022; Garmin Limited, 2022; General Motors Com-

pany, 2022; Newell Brands Incorporated, 2022; Nike Incorporated, 2021; Starbucks Corpora-

tion 2021; The Home Depot Incorporated, 2022; The Procter & Gamble Company, 2022). 

 
12 https://www.investopedia.com/terms/1/10-k.asp 
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Back to looking at scientific literature, where the same ideals are found. The most im-

portant development of the last decade is digitalization. Search frequencies of Supply Chain 

Analytics and Supply Chain A.I. are much on the rise, and developments are made towards 

data-driven assortment optimization, fulfilment optimization, and inventory management (Qi 

et al., 2020). This is possible because of the massive amounts of data that is collected, for 

retailers even up to terabytes of transaction data. Suppliers can track order patters with this 

data. The retail sector operates data-driven, instead of a priori reasoning as before (Bertsimas 

et al., 2017).  

ii. Current data issues and opportunities 

There is a huge competitive strain on businesses in the retail sector. As seen in the K-

10 reports, gathering data and getting better IT infrastructure than competitors is crucial for 

success. From analysing customer demand trends to monitoring the manufacturing or shipment 

process, this sector is highly ambitious to optimize every part of the business. There is a risk 

for retailers that their competitors are faster in adapting to new technologies (Best Buy Incor-

porated, 2022; Domino’s Pizza Incorporated, 2022; Garmin Limited, 2022; General Motors 

Company, 2022; Newell Brands Incorporated, 2022; Nike Incorporated, 2021; Starbucks Cor-

poration 2021; The Home Depot Incorporated, 2022; The Procter & Gamble Company, 2022). 

A big hurdle for the retail sector, especially those who sell their products in physical 

stores, is the finite amount of shelf space that is available. Decisions have to be made on how 

to optimally distribute and allocate products across the shelves. Shelve allocation will drive 

sales. The decision to allocate a shelve to a certain product is often driven by how the supplier 

packages the product. Their profits are dependent on how well a product sells, so for them it is 

beneficial to get as much shelve space as possible. A related concern is running out of stock. In 

that case, a shelve is empty and does not make any sales, while other products could be sitting 
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in the backroom. A more data-driven decision-making process could prevent these two prob-

lems for retailers (Eroglu et al., 2011). 

iii. Existing examples of Digital Twin technology 

Compared to online stores, in-store retailers have different needs regarding data or pro-

cess optimization recommendations. Customers might want to have shopping assistance, per-

sonnel might want to know optimal times to restock, and store managers might want to know 

the optimal product placement. Combined, they will need location information, product infor-

mation, and semantic information. Kümpel et al. (2021) propose a Digital Twin that is a se-

mantically enhanced digital representation of a store. The Digital Twin would contain infor-

mation from many sources of data, including all the products, the inventory management sys-

tem, and delivery schedules. Different cameras and sensors can detect purchases, and the ag-

gregated data can be used in real time. Having a Digital Twin of a store can greatly improve 

customer experience, and the efficiency of how store managers, regional managers, logistics 

managers, and other personnel do their jobs (Kümpel et al., 2021). To enhance a retail store 

Digital Twin, there is also a produce Digital Twin possible. Shoji et al. (2022) propose a Digital 

Twin for fruits and vegetables to lengthen their shelf life. There is a correlation between ship-

ment duration or temperature during shipment and food quality. Currently, the quality of these 

types of foods are only measured until they arrive at the distribution centre. Retailers are ill-

informed about what the quality of each product was before the shipment (Shoji et al., 2022). 

The Digital Twins in the research by Shoji et al. (2022) detected that the foods lost 85% of their 

quality before being displayed at the store. A Supply Chain Digital Twin that can track products 

during the whole logistical process can increase connectivity, visibility, agility, integration, and 

intelligent decision-making (Wang et al., 2021).  

This could be possible with NVIDIA’s Omniverse Digital Twins, which is already being 

used by large corporations like Amazon and PepsiCo for their distribution (NVIDIA, 2022). 
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c. Banking 

i. Domain information 

People receive their salary, pay their bills, or save for the future using a bank account. 

In the current economy, it has almost become impossible to participate without one, especially 

in modern, industrialized nations. Banks do not only provide an account to hold money, they 

also provide all parts of the economy with credit, increasing the health of the economy. Because 

of the interwovenness of banks into the daily life of nations, their security is of highest political 

and economic importance. Banks are one of the most vulnerable parts of an economic system. 

A collapse of a bank has a much different effect than the bankruptcy of a firm in another sector. 

While a failing firm in other sectors can provide competitors with new customers, a failing 

bank can actually damage them because of a high level of inter-firm capital flow and because 

customers often cannot distinguish between safe and unsafe banks while the chaos of a failing 

bank arises and so a bank-run can start. Banks can only do their job as financial intermediaries 

between loaners and lenders if there is trust of both of these parties (Busch, 2009). 

Preventing such bank failures has become a concern for international and governmental 

policymakers. They would like to avoid external events from damaging banks, minimize the 

effects that a banking crisis can have on the economy, and maintain a competitive and stable 

economic market (Gola & Spadafora, 2009; Busch, 2009). These goals have gained more at-

tention from the policymakers as the globalization of money markets increased. However, sup-

port for state regulation has been lacklustre with economists, mainly because state regulation 

has not been successful in preventing banking scandals or collapses. Regulatory structures can 

also distort financial markets, and hamper competition for customers (Busch, 2009). Competi-

tion is good for customers, because it improves efficiency, lowers prices, and encourages inno-

vation. Banks will allocate their credit more efficiently and the ones who do this well can earn 

more profit (Liyanagamage, 2021). According to some economists, the (international) bank 
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regulation systems should be reformed or even dismantled. However, most economists agree 

that there should be some level of regulation (Busch, 2009). If the state is not successful or 

does not increase trust in the system, banks themselves could instead adapt their organization 

on their own terms to get better insights into the financial system and react to (signs of) desta-

bilisation on time using a Digital Twin system if possible. Besides this, the Digital Twin system 

could possibly also be used to experiment, aka stress testing. Stress testing is a way to test the 

resilience of financial systems against extreme evens that are plausible to occur. Important is 

data quality, the possibility to include multiple events simultaneously in one test, and a proper 

way of interpreting the results (IMF, 2006). 

This could also in turn help the policymakers. The IMF uses, among other data sources, 

staff reports to assess external and financial sector vulnerabilities (Gola & Spadafora, 2009). 

These reports could be more in-depth and data-driven with the data from the Digital Twin sys-

tem. Better monitoring and screening can also increase efficiency as well (Liyanagamage, 

2021).  

ii. Current data issues and opportunities 

Because of the computerization of financial operations and automated software, busi-

ness operations in the banking sector shifted to centralized databases, online transactions, and 

globally available ATM’s. This has made banks technically strong and more customer oriented. 

This generates a huge amount of data, which cannot be analysed manually. Besides, even when 

reports are generated from the various data, errors occur because the data is recorded and in-

terpreted by various parties in the organisation (Bhambri, 2011). These are the causes for a 

centralized data management and retrieval system. Data mining can be at the foundation of 

such a system.  

Two important cases shown in the paper by Chitra & Subashini (2013) for data mining 

in the banking sector are client retention and fraud detection. In the case of client retention, 
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client relationship is a very important factor to the success of banks. Customer Relationship 

Management systems are of much more importance in the banking sector than others. With 

increasingly intelligent systems, a bank can allocate resources like personnel, time, and money 

in the most optimal way between gaining clients and retaining clients. It is a difficult balance 

to achieve without data mining because banks are often spending either too little time on satis-

fying existing clients to retain them as clients and are instead too focussed on convincing new 

clients to do their banking with them, or spend too much time on satisfying existing clients, 

losing out on potential new clients (Chitra & Subashini, 2013). A bank could do life event 

analysis on clients, real-time allocation-based offerings, or sentiment analysis-enable sales 

forecasting (Srivastava & Gopalkrishnan, 2015). In the case of fraud detection, banks are 

forced to constantly develop their systems to adapt to changing fraud methods and to increase 

their speed and success rate. Fraudulent behaviour can be similar in content and appearance, 

but is almost never identical (Chitra & Subashini, 2013). It is crucial to keep the error rate of a 

fraud-detection algorithm at a minimum because type-I and type-II errors can be costly (Kirkos 

& Manolopoulos, 2004). 

The same two cases are explored in Bhambri (2011) and Hassani et al. (2018), but they 

also mention Risk management and Software support as use cases. For example, data mining 

tools can help banks cluster (potential) clients into groups of people who are likely to pay off 

their loans, or people who are less likely to do so. Out of a hundred cases of data mining in the 

banking sector analysed by Hassani et al. (2018), 28% of the times it is for security or fraud 

detection purposes, 26% in risk management, 35% in CRM, and 11% other. In 60% of the 

cases, classification algorithms are applied, 28% clustering, 5% ARM, and 7% other. A big 

portion of available data sources like call centres, surveys, or social media, are still not fully 

exploited. However, de banking sector has gained enough data to start including data mining 
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in their business. The right trajectory for technology in the banking sector is advanced data 

science, Internet of Things, and dynamic big data analytics networks (Hassani et al., 2018).  

Applying machine learning to risk management in the banking sector is much on the 

rise. With the inclusion of artificial intelligence, much risk can be understood and controlled. 

While machine learning is at the core of artificial intelligence (AI), AI involves additional tech-

niques and requirements to, for example, automate data identification, testing, and decision 

making. From credit risk, market risk, operational risk, or the risk of non-compliance, an AI-

based system could make decisions based on them or warm the bankers about them. These 

systems require much data, but this data is often hard to access. Data can be kept as informal 

knowledge instead of being recorded, internal political or regulatory issues could restrict ac-

cess, or data is put into different systems or departments. Another issue is the limited availabil-

ity of staff to implement these algorithms properly. Since it requires a thorough process of 

testing different types of machine learning or artificial intelligence algorithms and a constant 

evaluation by employees, the benefits of these “automatic” systems can be fuzzy. Transparency 

and ethics are also at stake, because when an algorithm makes a decision, it is much harder for 

an outsider to understand why this decision was made, like a black box system (Aziz & 

Dowling, 2018). 

To conclude, data mining has plenty of opportunities in the banking sector, but it also 

has its issues. The difficulty of gathering data, privacy or ethics issues, or black box decision 

making are amongst the things that need to be solved before reaping the benefits of data mining. 

The visual aspect of Digital Twins as well as the possibility to like the twin to many data 

sources, can help solve these issues by making it more clear for staff how different data sources 

are linked and how certain decisions has been made. 
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iii. Existing examples of Digital Twin technology 

The digital ecosystem of banking is growing. In 2019, approximately 45% of banking 

services depend more on digital services rather than talking to a service provider, so improving 

customer fulfilment via online channels is more and more crucial (Miskinis, 2019). This pro-

vides the bank with a pile of data, that could be used to get insights (Comas, 2020). Scientific 

literature on Digital Twins in the banking sector is scarce. Analysing multiple non-scientific 

articles about Digital Twins in the Banking/Finance sector, it quickly becomes clear that Digital 

Twins are not really being deployed yet. Many authors see potential and are excited for the 

future, for example the articles by Price (2017) (“Twice as good. How Digital Twinning delivers 

for banks.”) or Barnes (2022) (“Digital Twins: Future Drivers of Smarter Decision-making”). 

These articles usually follow a structure similar to the following: Start with an ambiguous def-

inition of Digital Twins, explain how other sectors are already using the technology success-

fully, provide examples of Digital Twin systems that are usually not even relatable to what a 

Digital Twin in the banking sector could look like, make promises on how Digital Twins could 

fix all kinds of problems without giving a clear proposal on how the Twin could be structured 

or explaining the struggles you will face while implementing, and end with a call to action to 

convince business experts to start implementing Digital Twins. These articles sound more like 

sale pitches rather than an attempt to educate business experts. Remember the Hype Cycle of 

Gartner, where the hype is growing while articles like these are written, before ultimately crash-

ing down when businesses realise that the hype is unjustified. Right now, companies in the 

banking sector need to sort fact from fiction and get a clear understanding of what Digital Twins 

are and what they can solve before thinking about building a Digital Twin system.  
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d. Insurance 

i. Domain information 

The insurance sector is very similar to the banking sector in terms of how they operate 

behind the scenes and the types of legislation they are dealing with. IG&H has combined In-

surance and Banking into one sector, called ‘IBAN’. For this paper, the two sectors are kept 

separate since most papers tend to research either one or the other. 

An insurance company transfers risk from the individual (the policyholder) to them-

selves (the insurance company). With a large pool of policyholders, the insurance company can 

smooth out the collective risk over the policy of many individuals. Policyholders pay a pre-

mium to the insurance company over time before an incident to reduce the consequences of 

risk and pay out money when needed. This premium is not exactly adapted to each individual’s 

level of risk. This means that a policyholder who faces high risk because of a below average 

health, dangerous job, or bad driving habits, has more benefit from getting the insurance than 

someone who faces lower risk. This policyholder is also more costly to the insurance company, 

while turning away the more favourable customers. This phenomenon is called ‘adverse selec-

tion’ and originates from asymmetrical information. There is also the problem of ‘moral haz-

ard’, where insured individuals take more risk because their insurance gives them a feeling of 

safety (Cortis et al., 2018). 

Currently, insurance businesses are under threat of a highly competitive space. Not only 

do tech giants like Amazon enter the market, but also start-ups are slowly gaining market share 

by leveraging new technologies. The use of technology and the research into new opportunities 

in the insurance sector is called ‘InsurTech’, inspired by the older term ‘FinTech’ for finance 

(Cortis et al., 2018). 
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ii. Current data issues  

A big gain in efficiency and profit could be made in the correct pricing of premiums 

based on the level of risk of each individual. Big Data has allowed insurance companies to be 

more resilient to changes in both the collective as individual levels of risk. Three categories 

where InsurTech businesses can benefit from Big Data, according to Cortis et al. (2018), are 

telematics, wearables, and IoT. The collection of this data can be classified as a Digital Shadow 

system. 

Using already existing pooling methods of risk, a car insurer would charge different 

premiums based on gender, age, postcode, car model, and claims experience. A young driver 

with a sports car will be categorised with the highest risk, while an older driver with a sedan 

might be considered low risk. However, an individual, who is a young sports car owner, could 

perhaps in reality face a lower risk because of an above-average ability to drive and therefore 

pay too much premium. This leads to this driver looking for insurance elsewhere, while the 

high-risk individuals remain. Telematic devices can pick up other data like location, mileage, 

driving frequency, speed, behaviour around hazardous zones, acceleration, or braking habits. 

This provides the insurance company with data tailored to individuals, providing more evi-

dence to the level of risk this driver faces and therefore a more tailored pricing model (Cortis 

et al., 2018). 

As wearables become more affordable and better in terms of data quality and data rich-

ness, more people decide to wear a smartwatch instead of a traditional one. There are also 

activity trackers in other fashion items like jewellery and shoes. The data these wearables pro-

vide are for example daily step count, time spent sitting, heart rate and sleep quality. Health 

care and life insurers could benefit from all this data in the same way a car insurer would benefit 

from telematic devices in a car. The insurers could provide a more personal pricing model to 

individuals with different risk levels. It could also remove the effect of moral hazard, since 
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people are made aware of their activity in real-time by their watch, nudging them to exercise 

more. However, there are many issues to consider before embracing this technology. The wear-

ables are not always accurate, and it could be a breach of privacy that is not yet allowed (Cortis 

et al., 2018). And even if it is allowed, the ethical dilemma of such data invasion is questiona-

ble. The extent to which people are prepared to share data could be an interesting topic for 

further research. 

The Internet of Things in Smart Homes has a similar benefit, but then to home insur-

ance. Real-time monitoring of a multitude of data sources around the house could provide the 

insurer with data to personalise their pricing model. A few examples of sensors that are starting 

to be available in smart homes are smoke detectors, thermostats, smart fridges, air pollution, 

and water quality. An added benefit for the insurer is that they can now also pre-emptively take 

action before an event, that would otherwise have led to a claim, takes place. A home insurer 

could advise a policyholder to fix a leak based on water pressure data, before the client’s house 

is destroyed by water damage (Cortis et al., 2018). 

In short, Big Data that is collected by Digital Shadow systems, can provide value to 

InsurTech businesses. Again, data mining plays a big role here. With data mining, insurance 

companies could segment customers into risk profiles, design their policies, predict customer 

behaviour, manage claims, detect fraud, or better deal with reinsurance (Umamaheswari & Ja-

nakiraman, 2014). These things could prevent a high rate of customer churning. The customer 

churn rate is the rate at which customers choose to cancel their insurance at one company, and 

instead become a client at another (Smith et al., 2000). Artificial Intelligence is an important 

component of analysing the data, applying adequate premiums, or reducing risk or claim vola-

tility. For example, a US-based InsurTech start-up is using facial recognition to calculate pre-

miums, based on the client’s facial features. Data mining and AI could also help detect fraud 

with malicious claims. Fraud is the intentional deception intended to benefit from insurance 
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claims. The number of these attempts have been increasing every year (Rawte & Anuradha, 

2015). In 2013, approximately 10% of all claims in Europe were fraudulent, so an Australian 

tech company developed a fraud detection system that could help InsurTech businesses lower 

this number (Cortis et al., 2018). A case study done by Chae et al. (2001) shows that a Chi-

squared Automatic Interaction Detection model could predict health outcomes and provide pol-

icy information to the insurer. 

However, it is not all positive. Like already briefly mentioned, there are some caveats 

to using Big Data like privacy and accuracy. It will be troublesome to convince individuals to 

consent to providing their insurance company with data, and not all relevant data can be rec-

orded or stored under GDPR law. Veracity is also an issue, which is the credibility of data based 

on the possibility to falsify it. It could be easy to trick a wearable into thinking you are exer-

cising. This could be partially remedied by using multiple heterogenous data sources, but then 

again, not all data sources are available (Cortis et al., 2018). The balance between saving money 

on premium and giving up personal data could be a tough one to optimize, and if the insurance 

company decides to give people the choice to opt out of the data sharing, the adverse selection 

issue is worsening since people who want to hide unhealthy or unsafe habits would most cer-

tainly opt out. 

The three types of data sources of Big Data – telematics, wearables, and IoT – could all 

provide data in near real-time, but each data source is more relevant in specific types of insur-

ance. Many insurance companies provide multiple types of insurance, from home insurance to 

life insurance. Using Digital Twin technology, these data sources could be combined into one 

Digital Twin per policyholder. This way, it will no longer be separate insurance policies track-

ing separate data sources, but each type of insurance is connected to each other. One risk profile 

with correct premiums can be calculated with the total image of all available data of a client. 

Insurance companies could use all this data to proactively take action and increase the quality 
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of the clients life in terms of health or unwanted risks. The question is: is it ethical to let insur-

ance companies decide if they are paying for damages after a car accident claim, based on their 

information about the drivers sleep quality of the night prior? Or to let the data on someone’s 

location data be a factor in the calculation of premium of home insurance because they are 

often not home? The ethical boundaries of a situation like this are very thin, and insurance 

companies will get a bigger control over their policyholders. 

iii. Existing examples of Digital Twin technology 

Just like in the banking sector, there are no clear examples of use cases of Digital Twins 

in the insurance sector. However, there are many articles written in a positive and promising 

style. They address all the ‘things gone right’, like in the early stages of the hype cycle. For 

example Accenture, who published a series of articles about Digital Twins in the insurance 

sector. 

Accenture sees the Digital Twin as “a virtual replication or mirror of a physical system. 

As a way to visualize and contextualize data from physical and virtual assets, they bridge phys-

ical operations and digital capabilities, and enable the sharing of information with ecosystem 

partners” (Bramblet, 2021a). With such a system, companies from other sectors can already 

respond dynamically to real-time information, ask what-if questions about possible future sce-

narios, and design and test products in the virtual world. Insurers have been lagging unfortu-

nately (Bramblet, 2021a). According to Accenture research, 87% of insurance executives agree 

that Digital Twin technology will be essential for long term success, but only 25% have exper-

imented already with it (Bramblet, 2021b). Insurers are stuck in a long history of actuarial 

sciences, and Digital Twin technology would disrupt the current way of working. A hurdle to 

overcome is the heterogeneity of some of the data that insurers would want to use (Bramblet, 

2021b). If successful, insurers could employ a Digital Twin system to better distribute and price 
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their products, improve operations within the company, and faster claim processing (Bramblet, 

2021c). 

Accenture does not discuss the ethics of gathering and using intrusive data like a car 

driver’s sleep quality, nor the development and implementation cost of their proposed Digital 

Twins of the home insurance customer, their insured assets, and all external events affecting 

their decisions or their assets. It is also noteworthy that Accenture is not an independent re-

search company, but instead a for-profit technology consultancy business. They have an incen-

tive to publish positive, inspiring, or provocative articles so they can sell their services. Their 

“things gone right” articles could ignite the hype within company executives. This could be 

evidence that Digital Twin technology is actually in the earliest stage on the hype cycle and the 

phase of disappointment is coming, instead of what was previously mentioned.  

 


