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Abstract  

This study aims to identify factors that enable the introduction of Augmented Reality 

technologies into the Swedish Health Care System and how these factors act as 

underlying drivers or constraints of innovation. A number of propositions, that takes off 

in the TOE-framework as well as the Need-Pull and Technology-Push theory, were 

formulated in order to determine these factors. Through interviews with three 

respondents from the industry, with diverse backgrounds and experiences, the 

propositions are evaluated and the factors discussed. The study finds that there is 

potential for Augmented Reality to be introduced and that among others, one should pay 

close attention to the structure of  the Swedish Health Care System as well as key 

individuals within this structure.  
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Introduction  

Imagine the Swedish health care system as you know it today. One might think about 

the long waiting time when visiting a very busy emergency room, or the luxury of having 

free health care. Whether the experience is good or bad, it will not be the same 10 years 

from now. Recent breakthroughs in Machine Learning (ML) is about to disrupt this 

data-heavy industry in ways that are hard to even imagine today. One of the reasons 

why the health care system is such an interesting case in light of ML is found in the 

word data-heavy. Enormous amounts of patient health data are being collected and have 

been collected and stored in different types of Electronic Medical Record Systems 

(EMRs). In addition, an increasing amount of data is collected through personal 

wearable devices and other units. All data contain information about diseases, 

treatments, symptoms etc., that can be used to train ML-models to become incredibly 

well informed and enable the development of state of the art technology. As much as this 

has the potential to reform health care as we know it, it also gives rise to an equal 

amount of challenges. Technical barriers, ethical considerations, privacy and security 

issues are some topics that need to be addressed and figured out in order to create a 

sustainable future health care system. All these issues are extensive and in the need for 

a big effort and collaboration between policymakers, industry, health care providers to 

be answered (Floridi et al., 2019). One might ask: Where do we even start? 

 

The Swedish health care system (SHCS) is known for its usage of modern technology, 

but compared to other sectors it is not often the first ones to adopt new technology 

(Nedlund & Garpenby, 2014). Augmented Reality (AR) is one of the state of the art 

technology that has the potential to disrupt the health care sector thanks to recent ML 

breakthroughs. What makes AR particularly interesting in health care settings is the 

opportunity to visualise and simulate pictures and scenarios in ways that have not been 

possible before, in both clinical and educational purposes (Miller, 2019). The potential to 

optimise and improve the Swedish health care with AR, both by saving lives and from 

an economic perspective is the inspiration for this research. But what is needed in order 

for that to happen? In this study, we will try to identify which crucial factors that will 

open the doors to start introducing AR-technology in the SHCS. Moreover, apart from 

identifying these factors, we aim to discuss what they mean from an innovation 

perspective. Are some factors driving the technological development forward? Or do 

some factors slow down technological development? This is off course a highly complex 
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and multilayered topic that can not be investigated in detail under the scope of the 

present research. However, one should see this paper as an introductory study where 

the results can give insight into where to focus the attention to further understand the 

challenges of this topic. Thus, we will pursue this research with the following purpose:  

 

The purpose of this research is to identify which factors that enable the introduction of 

AR-technology into the SHCS and identify how these factors act as underlying drivers, 

or constraints, of innovation.  
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Theory  

In this chapter, the propositions that will lay the basis of our research will be presented. 

These have been formulated by comparing research papers of previous studies in 

relevant fields and should be seen as crucial factors that will influence the process of 

introducing AR in the SHCS. The propositions will be connected to the 

Technology-Organization-Environment-framework, hereby referred to as the 

TOE-framework, and bagged into one of the three categories, technological, 

organisational or environmental context. Furthermore, they will be highlighted from the 

perspective of Need-pull/Technology-push in order to discuss the underlying motivations 

of innovations. 

TOE-Framework 

The TOE framework fills its purpose in the context where the innovation takes place. As 

mentioned earlier, the framework takes into account three elements of a firm’s context 

and how they influence the adoption and implementation of technological innovations. 

The elements are technological, organisational or environmental, forming the acronym 

TOE. The outcome of an introduction process is highly influenced by the context in 

which the technological innovation is carried out and how the context affects the 

decision-making process. In Figure 1 the context of technical innovation is illustrated. 

The arrows in the figure indicate how the contexts influence the decision-making, but 

also each other. Parts of one context can affect parts of another, hence the arrows are 

interlinked in between each other. Hereafter, explanations of each context will be 

presented. (Tornatzky & Fleischer, 1990) 
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Figure 1:  

The original figure of The Context of Technological Innovation  (Tornatzky & Fleischer, 1990, pp. 153) 

 

Technological context  

The technological context is presented as the determinants of the organisation’s 

adoption activity. It includes all technological factors of the organisation, i.e internally 

and externally. The decisions, regarding the implementation of innovation, are 

dependent on the available technology and how well it is compatible with the current 

technology of the organisation. The compatibility takes, therefore, also into account to 

what extent the organisation has been involved in the development in order to be 

beneficial for the organisation. It concerns whether or not a replacement or integration 

should be made on the basis of the fit. (Tornatzky & Fleischer 1990) 

 

The technological context also includes the characteristics of the technology. Innovation 

may have several different characteristics, where some might not be applicable to all 

industries. The need for relevant characteristics of the specific industry is also 

emphasised in this context before the decision is made to adopt technological innovation. 

Technologies can be characterized as how complex they are, what kind of opportunities 

and benefits the implementation yields and their advantage in contrast to the current 

technology. (Tornatzky & Fleischer 1990) 
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Organisational context  

The organisational context manages the internal matters of the organisation and how 

they influence technological change. It concerns different organisational structures, 

hierarchical behaviours, communication as well as the size of the organisation. How the 

organisation is structured, i.e. how employees and departments are linked to each other, 

is highly associated with the influence of the adoption and implementation of new 

technology. This part of the framework identifies two types of adoption processes. The 

first where the drive for innovation emerge from the bottom to the top in the hierarchy 

of the organisation, and the second from the top-down. Depending on the structure of the 

organisation and the way technical innovation is managed, the results can differ 

considerably. In other words, the level of hierarchical structure and the acceptance of 

the driver of the innovations plays large roles. This also applies to the type of technology 

the innovation alludes to. (Tornatzky & Fleischer, 1990) 

 

The communication is another aspect of the organisational context and has a substantial 

influence on the decision and opinions regarding the technological change. Through 

internal information exchange and communication, the employees get linked together in 

a unified form, acting as bridges between departments. This renders the possibility to 

facilitate different phases of the decision process and gives the organisation a chance to 

grasp co-workers opinions, perceived problems and benefits of the technological situation 

and potential change. This context of the framework argues that top management 

leadership behaviour becomes crucial in this aspect of the organisational context. 

Planning and communication, as well as the development of policies, regarding the 

change, can become the decisive factors for success or failure. The size of the 

organisation, which also is included in the context, relates to how the process of 

decision-making is carried out. In general, larger organisations implies a more complex 

structure and could lead to an inability to capture essential factors for technological 

change. (Tornatzky & Fleischer, 1990) 

Environmental context 

The environmental context relates to the external situation of the organisation. 

According to this part of the framework, the industry characteristics and market 

structure are influential forces that affect the adoption of technology innovation. While 

some industries are particularly keen on technological change, some might not be 
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showing any interest at all. This relates to the significance of the technology and the 

advantage it has compared to the competitors within or the market demand. Especially 

the competitive pressure is believed to be positively associated with the adoption of new 

innovation. Empirical studies show that increased pressure from competing organisation 

in its environment will generally generate a higher adoption rate. (Tornatzky & 

Fleischer, 1990) 

 

The environmental context also includes government regulations in the environmental 

context. Such regulation has a large impact on the decision-making process regarding 

technology adoption and has absolute decisive power. (Tornatzky and Fleischer 1990) 

 

Bridge to the Need-Pull and Technology-Push theory 

To be able to understand how the Swedish health care introduce innovation within the 

technological field, such as AR, one has to grasp what influences the process concerning 

the adoption of technological innovation. The TOE-framework is used in order to explain 

how these contexts impact the process of decision-making.  

 

However, the purpose of TOE is not to provide a definite framework that will describe 

what influences the adoption process and whatnot. Instead, the aim is to systematically 

classify the factors for each context (Ven & Verelst, 2011). Subsequently, this will 

motivate the researcher to broaden the perspective of the context in which the 

introduction occurs. The context does, on the other hand, not determine the process, but 

instead serve to constrain or at least facilitate it (Tornatzky & Fleischer, 1990). In order 

to successfully use the context as classifiers and to present to which extent the factors 

influence the implementation process, as well as the casual relationship required for the 

establishment of the proposition, Awa et al (2011) argue that the framework should be 

complemented with some other theory. If they are merged properly, the combination of 

the theories can improve the study and thereafter provide stronger explanatory and 

predictive values. 

 

Need-Pull and Technology-Push (NP and TP) 

The concept of need-pull/technology-push, hereby referred to as NP/TP, was introduced 

as a tool to explain the underlying motivations and the driving forces behind the 
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innovation of new technology (Chau & Tam, 1999). TP takes off in the idea that the 

scientific discovery of new technology is the driving force of technological development, 

which, in turn, leads to recognition and adoption of the new technology. Suggesting that 

science is the leading factor that sets the pace and direction for innovation rather than 

for instance, the user needs (Cheon-Pyo & Jung, 2007). On the other hand, we have NP. 

From this perspective, the focus is exactly that, the user need for innovation is “pulling” 

technological development forward. Suggesting that when studying the behaviour of 

implementing new technology, one should pay close attention to the need for innovation 

rather than keeping up with the latest technology (Cheon-Pyo & Jung, 2007). Many 

researchers from this side acknowledge the fact that both NP and TP exists, however, 

they mean that for an innovation to be truly successful, NP plays a more important role 

(Chau & Tam, 1999). The two concepts explain two sides of the same coin, where one not 

necessarily exclude the other. But which one of the two that was more important than 

the other as an approach to innovation gave rise to a long-lived debate. In more recent 

research a growing consensus has emerged, suggesting another angle of the debate. 

Namely, that science and technology, TP, constitutes the primary source of technological 

innovation while NP drives the innovation in a wanted economical and institutional 

direction (Di Stefano et al., 2013). It is also argued that different approaches to 

knowledge integration determine the main source of innovation. Some organisations 

begin to focus on the external sources of innovation followed by gathering the existing 

sources within the firm. With this approach, the external sources will also act as the 

main source of innovation. In contrast, the organisations who go from focusing on the 

internal sources of innovation to later integrate external sources will end up with having 

the internal sources as the ultimate source of innovation (Di Stefano et al., 2013). 

 

Propositions

 

SHCS Structure - Organisational 

Research indicates that there is a large emergence of health technology today. This puts 

pressure on the health care system and all the different decision-makers within. Claims 

are made that Sweden generally is regarded as an extensive user of health technology 

with a large circulation of innovations within health care. However, there is a diffusion 
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that varies substantially when it comes to different technologies. The diffusion is mainly 

based on the policy-making, a process composed of a large number of different 

participants on a national, regional and organisational level. Puzzling all these voices 

together and how their varying power to influence decision contributes to the diffusion of 

health technologies (Nedlund & Garpenby, 2014). 

 

Furthermore, Nedlund & Garpenby (2014) argues that SHCS is effectively utilising a 

new technology. However, the introduction of new innovations has frankly been a rather 

unstructured process, where the policies and the making of new policies are not 

standardised. Furthermore, there is also a close connection between the decision-maker 

and how this person perceives the policy. In order to understand this process, one should 

therefore also shed light on the decision-maker as well as the innovator driving the 

introduction of new technology. Colebatch (2011) describes this interaction with the 

following quote:   

 

“... how a policy problem is perceived (social construction) depends on who is sitting around 

the table (structured interaction), and who is sitting around the table depends on how the 

problem is perceived.” (Colebatch 2011, pp 18) 

 

The following proposition is formulated:  

 

P1: The collaboration between the decision-makers and the people driving technology 

innovations is crucial but the progress is restrained by the system structure. This results 

in a negative effect on the implementation of AR-technology in SHCS.   

 

 

Conservatism - Organisational 

 

One aspect of the technology-push theory is that an organisation will be pushed to 

implement new technology because of the perceived benefits. However, previous case 

studies show that organisations often behave conservatively when it comes to 

implementing new IT-technology. That is, they appear to pay closer attention to the 

potential problems with new technology rather than see the potential benefits (Chau & 

Tam, 1999). Martínez et al. (2014) argue that the level of acceptance of AR in the health 
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care industry might be limited. This is likely to be a cause of several factors, one of such 

that the complexity of the technology will shift focus from the task and be should, 

therefore, be implemented carefully. This indicates that organisation within the SHCS 

are likely to act conservatively and we suggest the following proposition:  

 

P2: Organisations in the SHCS will possess a conservative view and thus be less likely to 

be pushed to implement AR-technology because of the perceived benefits of the innovation. 

This will have a negative influence on the implementation of AR-technology.  

 

GDPR-Regulations - Environmental 

 

One of the cornerstones of AR-technology is both the production and usage of data and 

when it comes to health care, this data is often personal data (Källa?). Thus, security 

and data handling become an important factor in a setting where regulations might 

influence the process of implementation. Such regulations fall into the environmental 

class of the TOE-framework (Tornatzky & Fleischer, 1990). Regulations can be seen as a 

driver for innovation as it forces actors to be innovative and come up with new solutions 

to existing problems. It could also potentially create a need for technology which already 

are built with regulations in mind. On the other hand, some researchers argue that the 

regulations are likely to prevent or slow down technological development (li et al., 2019). 

Thus, regulations like GDPR could both prohibit technological development as well as it 

can generate a demand for new technology. The following proposition is suggested:  

 

P3: Data regulations, such as GDPR, will have a negative influence on the 

implementation of AR-technology in the short term. However, in the long term, it will 

create a need-pull situation where new solutions to existing problems emerge.  

 

 

Market uncertainty - Environmental 

 

Market uncertainty refers to a type of external pressure that will increase the motivation 

for an organisation to implement new technology (Chau & Tam, 1999). This pressure 
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could take the form of changing customer needs, new market opportunities or political 

decisions. The market uncertainty falls into the environmental aspect of the 

TOE-framework as it refers to a force emerging from outside the scope of the 

organisation itself. One aspect of market uncertainty is that it often generates market 

competition as a result. Chau and Tam (1999) argue that an intensification of market 

competition will stimulate the spreading of new technology and thus act as a need-pull 

for new technology. Furthermore, it is suggested that the uncertainty of future markets 

is closely related to the need for improvement when existing technology appears 

unsatisfactory in the health care industry (Lee & Shim, 2007). The following proposition 

is formulated:   

 

P4: Market uncertainty will generate an increased market competition and thus positively 

influence the implementation AR-technology in the SHCS.  

 

 

Performance gap - Organisational 

 

A performance gap is defined as the perceived shortcoming of the organisation or 

processes that may be improved by a change. This shortcoming can appear in different 

situations such as an unsatisfactory level of IT or an unbalanced ratio between price and 

performance of the current systems. It also concluded that the performance gap is 

closely related to the need for improvement when existing technology appears 

unsatisfactory in the health care industry (Lee & Shim, 2007). The performance gap 

falls into the organisational class of the TOE-framework as it is a situation evolving 

within the organisation itself. Furthermore, this situation is characterized by need-pull, 

where existing procedures within the organisation appear unsatisfactory which in turn 

generates a need for innovation. Thus, the theoretical argument gives rise to the 

following proposition:  

 

P5: An existing performance gap, that could be filled with AR-technology for an 

organisation in the SHCS will positively influence the implementation of AR-technology. 
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Design - Technological 

The development of new technology is a process that is formed by actors from many 

different domains. The actor’s experience is argued to influence how the development of 

the product is carried out and how it is finally used by the target group (Mostaghel, 

2016). Moreover, Kristoffersson et al. (2011) discuss how users should be involved in the 

development process. Results show that the level of involvement determines the users’ 

acceptance of the technology later on.   

 

Previous research indicates that including the user in the development process is crucial 

for a successful result. This is a general and well-known fact in the field of 

human-computer interaction (HCI) and has also been indicated from projects done with 

AR-technology (MacKenzie, 2013).  

 

In a study by Iversen et al (2016), the results show the potential of using smart glasses 

in the health care industry. A conclusion of this study was the importance of having the 

technology designed for its specific purpose, which was not the case in this study.  This 

suggests the following proposition: 

 

P6: Having the AR-technology specifically designed for its purpose and involving users in 

the development process will positively influence the implementation of AR-technology.  

Technological readiness - Technological 

 

Technological readiness refers to which degree the technology is ready to be 

implemented. It is mainly related to three the different aspects, relative advantage, 

compatibility and complexity. The concept of relative advantage is related to the 

perceived benefits. The value of the new technology lays in the eyes of the beholder and 

will affect their attitude towards the implementation of new technology. If the perceived 

benefits, and thus the relative advantage the new technology can provide to the 

organisation are not high enough, it is likely not to be implemented (Lee and Shim, 

2007). The compatibility describes how compatible the innovation is with the current 

solutions and with the user needs, such as existing IT-systems or processes implemented 
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within the firm. Compatibility has been proven to influence the adoption and 

implementation of the new technology (Lee & Shim, 2007; Masood & Egger, 2019). 

Lastly, the complexity of technology is expected to have a negative influence on the 

implementation process. Thus, we suggest the following proposition:  

 

P7: Technological readiness will have a positive influence on the implementation of 

today’s AR-tech in SHCS. 

 

Research Model 

 

 

Figure 2:  

The research model of this study (Boman & Westerberg, 2019) 

 

The research model, in Figure 2, represent each proposition (P1-P7) divided into its 

corresponding context based on the TOE-framework. “#NP/TP” represents that the 

proposition will be seen in the light of the NP/TP theory and further discussed as a 

driver for innovation.  
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Method 

In order to answer our research question, we needed to develop our research model. The 

development of the research was initiated by reviewing a number of previous studies 

from different relevant fields. First of all, as the purpose is to investigate the 

implementation of new technology, we looked for previous studies with similar 

objectives. Many of the studies we found were based on quantitative research methods, 

often using a survey followed by some sort of statistical analysis. Even though we were 

determined to make use of a qualitative study, we were able to collect valuable insights 

from this research, mainly related to theoretical frameworks and the thesis structure. 

Although our research methodology would be different, we would still be able to use 

similar theoretical arguments. Like Bryman (2012, pp.35) argues, different research 

methodologies shed light on different aspects of the problem, thus a different method of 

choice will generate new insights.  

 

Our purpose with this study is to try to identify factors that will be important when 

implementing AR-technology in the SHCS. This purpose might appear quite general in 

the sense that we have not limited ourselves to a specific AR-technology and neither to a 

specific case within the SHCS where it should be implemented. However, we also expect 

the findings of the research to be general in the sense that we strive to identify factors 

that could be applied in Swedish health care as a whole, and maybe even in other 

disciplines. By using qualitative interviews we will be able to gather personal opinions of 

the respondents and they will be able to give their view of the problem. This has the 

advantage that we easily are able to build a picture of the respondent’s arguments for 

each one of our propositions. As much as this is an advantage, it also limits the 

information to the respondent’s opinions only. This fact emphasizes the importance to 

interview several persons who preferably come from different relevant domains in order 

to gather a nuanced view of the problem. If we successfully manage to do that, we will 

hopefully be able to draw generalizable conclusions. With this in mind, we found it 

suitable to pursue a qualitative study using an interview, having the methodology 

specifically designed to our purpose of the study. (Bryman, 2012) 

 

The interviews were carried out in a semi-structured way. Kallio et al (2016) are 

elucidating the advantages in this method that are in line with the purpose of this 

study. They express the difficulty in obtaining reliability and validity in a qualitative 
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study, since it is based on people's individual thoughts and opinions. This raises 

questions regarding for whom the collected data is relevant. The question is not touched 

upon to the extent where an answer can be clearly stated. However, Kallio et al (2016) 

argues that a well defined guide for how the interview and questions are structured 

contributes to an objective and trustworthy collection of the data. The final results of a 

study with this method implemented will therefore be more legitimate compared to 

others.  

 

It is although still debatable whether the arguments Kallio et al (2016) presents holds. 

Bryman (2012, pp. 405) is criticising the semi-structured interview in a qualitative 

study from the perspective that it is difficult to replicate and therefore being too 

subjective. This method gives the interviewer possibilities to ask follow-up questions and 

to recreate these are extremely hard, because of, among other things, the relationship 

between the interviewer and the respondent. Bryman, thus, holds in this case a 

structured interview high because of the simplicity to replicate it from the strictly 

structured questions with the purpose of a more straightforward interview. There is less 

space for interpretation and combined with a quantitative method it can give the results 

a better statistical value.  

 

Since this study not should be seen as a statistical or case specific research but rather a 

factor identifier for phenomenons of the technical development. Thoughts and individual 

opinions from people with subject knowledge are therefore of high interest. Future 

research should be able to use this study as a springboard which is why the methodology 

has to be as transparent as possible.  

Interview respondents 

To acquire data from relevant individuals with subject knowledge but yet some diversity 

of a sufficient degree, three respondents were chosen with insight in the field of 

medicine but with different experiences. The first interview was carried out with the 

hospital CEO Anders. Both his experience of different roles both as a doctor and in 

executive positions as well as his interest in new technology made him an interesting 

respondent for this research.  

 

Respondent  Title  Time  Type  Language 
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Anders  Swedish hospital CEO  1h  Face to 

Face 

Swedish 

Erik  Medicine Student - 

Linköping 

1h  Video Skype  Swedish 

Martin (fictive 

name) 

Tech-company employee  1h  Face to 

Face 

Swedish 

Table 1: The respondents, their title, interview duration, type and what language they were held in. 

 

The second respondent was Erik, a newly graduated medical student from the 

university of Linköping, a university know for using a lot of new technology in their 

education. The expectations from this interview were to grasp opinions of a somewhat 

inexperienced individual in the field of medicine. The interview was carried out, during 

approximately one hour, over a skype call due to physical distances.  

Lastly, the third interview was held with Martin, who handles business development of 

industry solutions for the health care industry at a big technology producing company. 

His experience in the technological industry as well as prior and current involvement in 

projects within the health care made him suitable as respondent in this study. This 

interview, which lasted one hour, was took place at the company's headquarters in 

Stockholm. 

 

Bryman (2012) discuss the need of caution when working with a framework in a 

quantitative method. It can harm the research if it is too obvious for the the respondent 

leading to data without nuances. The main purpose of a qualitative method is, according 

to Blumer (1954), to acquire individuals own reflections in the social environment, 

something that a framework could prevent. Instead, it should be seen as a starting point 

of the research, initially with a broad view that subsequently narrows down to a 

manageable size after the collected data. With this in mind during the interviews, the 

framework of this research was sparsely discussed.  

 

Using the framework  

In the present study, the TOE-framework should be seen as a tool to classify the 

proposed concepts into a context in which it makes sense and can be compared to each 

other. This classification will create common ground for the concepts that can be used as 

a base for the analysis. The TOE-framework have the strength to, from a theoretical 
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point of view, give insight into the question what?. That is from which context the 

concept should be analysed. The NP/TP theory, on the other hand, will be the theoretical 

connection to the question of why? By analysing the underlying motivations of drivers 

for innovation in the empirical data we will gain insight into why the formulated 

propositions are important in the light of our research question, or not.  

Developing the research model 

The work of developing the research model should be seen as an iterative process, where 

each step in the process is constantly changing up until the collection of empirical data. 

The first step of the process was to start formulating propositions. This was done by 

reviewing previous research and identifying challenges concerning AR-technology, 

technology in the SCHS, the introduction of new technology, innovation processes and 

more. From this research around 20 potential propositions were formulated. Next step 

was to get an overview of all proposition in order to find connections between them and 

reformulate them. By this stage, we also reformulated the research question as it was no 

longer applicable to the formulated propositions. Next step of the process was to start 

working with the current seven propositions and brainstorm on how these should be 

evaluated. For each proposition, we formulated questions that could be asked to a 

hypothetical respondent. For each question, we also tried to come up with potential 

answers that further could indicate if the proposition and questions actually generated 

wanted answers. During this step, we realised that some propositions were poorly 

formulated and needed to be reformulated. With this material, we were then able to 

move on to the next step; pin down the measurement variables. By going through each 

proposition with the corresponding questions, we pinned down the variables that the 

questions should give a measurement on. This work ended up in the following model, 

where each concept are connected to its corresponding measurement variables. 

 

-Emphasize how the measurements were formulated and how these laid the foundation 

for the interview questions.   

-Interview questions under the figure.  
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Figure 3:  

Model of the propositions and their separate measurement variables (Boman & Westerberg, 2019)  

 

As described above, the propositions laid the foundation for the interview questions with 

the measurement variables as cornerstones. All the questions that were asked during 
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the interviews are listed in Appendix 1. A translation to the questions is presented in 

Table 2 where their respective related proposition. 

 

Question  Proposition 

Who makes the decision to introduce new 

technology within the organization? 

SHCS Structure 

Who is driving the technological development in 

Swedish health care? 

SHCS Structure 

Would you say that it is important who  is actually 

driving the change? 

SHCS Structure 

How would you describe the introduction process of 

new technology? 

SHCS Structure 

What works and what doesn't?  SHCS Structure 

How would you describe the relationship between 

different actors? Decision-makers, politicians, 

innovators, etc.? 

SHCS Structure 

 

What is your attitude to AR technology (or tech in 

general) in Swedish health care? 

Conservatism 

Do you think that there is a shared view of how 

technology is introduced between different 

professions or occupational groups in the health 

care sector? 

Conservatism 

What would you say is the general understanding 

of what AR technology can bring to the health 

care? 

Conservatism 

What would you say is the general understanding 

of what problems AR-technology poses in health 

care? 

Conservatism 

How have you changed your work routines after 

the introduction of GDPR? 

Data regulations  

 

In what way has GDPR affected the possibilities of 

introducing AR-technology in health care? 

Data regulations  

 

In what way can you imagine a positive outcome of 

the GDPR from an innovation perspective? 

Data regulations  

 

Are there other data regulations that affect the 

introduction of new technology?  

 

If so, what was the outcome of that regulation and 

in what way did it affect the introduction process? 

Data regulations  

 

Is there AR-technology that you know competitors 

are using that you don't? 

Market Uncertainty  

Do you consider that there is a competition 

between who uses the most advanced technology? 

Market Uncertainty  
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What do customers expect from what technology is 

used? 

Market Uncertainty  

In what way do you try to keep up with the 

development of AR-technology? 

Market Uncertainty  

Do you feel any external pressure that 

AR-technology should start to be used more? 

Market Uncertainty  

In what way are customers/patients included in the 

introduction of AR technology? 

Market Uncertainty  

What type of AR-technology do you find 

particularly interesting for Swedish health care? 

Performance gap  

 

In what areas do you think AR-technology would 

do the most good? What current solutions would be 

replaced? 

Performance gap  

 

What solutions do you now find unsustainable from 

an economic perspective? 

Performance gap  

 

What solutions do you find unsustainable from a 

performance perspective? 

Performance gap  

 

Can you tell us about your experience in 

introducing AR in health care? 

Design 

What did the process look like?  Design 

To what extent did you include the user in the 

development process? 

Design 

Is there any AR-technology you think is ready to 

introduce in the health care? 

Technological readiness 

What do you think is missing from today's 

AR-technology for it to be ready to be introduced? 

Technological readiness 

To what extent do you think current technology 

used is compatible with AR-technology? 

Technological readiness 

Do you think it would be appropriate to introduce 

AR technology at all given its complexity? 

Technological readiness 

Table 2: The translation of the interview questions and their associated proposition. 

 

Method reflection 

Reflecting on the used method, in retrospect, one can begin discussing the propositions. 

The problems that emerged during this research were initially related to finding 

relevant propositions for a new technology in a complex branch of industry. A lot of them 

intertwined and the initial lack of knowledge in the field of study made the selection 

difficult. This resulted in a number of propositions that might have been too large for a 

study of this extent. Subsequently, distinguishing and relating the responses to a single 
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proposition became challenging because of their close association with each other. This 

does, however, indicate that the various factors probably are dependent on each other 

and all the different contexts influences the decision-making of technology - which the 

TOE-framework actually implies. Although, when all the interviews were completed, we 

came to the conclusion that some of the propositions were more suitable to be answered 

by some of the respondents than others. This is probably due to factors such as 

experience, background, individual opinions and profession, and maybe an even broader 

spectra of respondents would be preferable. Some of the questions could be perceived as 

closed questions and should be criticized. However, all respondents spoke and answered 

fairly freely on all questions so this did fortunately not become a problem.  

 

Another matter that can be reflected upon is the translation of the interviews. They 

were held in swedish since it is the native language of the respondents and even ours. A 

translation into english can therefore potentially lead to an ambiguity in the words 

used, despite our linguistic knowledge.  
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Background of AR  

To start this section, we will give a brief introduction to the world of AR. This will be 

followed by a presentation of the empirical research in subsections after the earlier 

mentioned proposition. For each proposition, we will present the interview respondents 

view of the corresponding topic.  

 

What is AR? 

Already back in the 1960s, a technology that would be referred to as Augmented Reality 

started to take form and it was developed along with the emergence of the personal 

computer and the microprocessor. However, it was not until the 1990s when the term 

Augmented Reality started to gain recognition. AR is positioned in the spectrum of 

mixed reality, between what we would describe as our real environment and Virtual 

Reality (VR). This scale is also called the reality-virtuality continuum (Van Krevelen & 

Poelman, 2010) 

 

 

Figure 4: The Reality-Virtuality Continuum (Van Krevelen & Poelman, 2010) 

 

In contrast to VR, AR allows the user to, while conscious of the real world, also perceive 

virtual objects projected into this world. In other words, AR does not replace our 

environment, it rather supplements it (Al-Issa et al, 2012). AR-technology are commonly 

be divided into two different classes, head-mounted display (HMD) or head-up display 

(HUD). HMD-systems can be described as the systems where the user observes a 

see-through view of the real world, where objects are projected into the real environment 

(Milgram & Colquhoun, 2001). An example of this technology is the Hololence2, an HMD 
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that projects objects such as holograms into the real world with the support of different 

applications, augmenting the user’s capabilities for the designated task (Atul, 2019).  

 

 

Figure 5:  

Doctor using Hololens2 during surgery (Dicardiologi, 2019) 

 

The HUD class has been used in military aviation environments for a long time and can 

now also be found in modern cars where the driver receives information such as current 

speed and speed limit projected onto the windshield (Corning, 2018). 

 

 

Figure 6:  

HUD in car (Techilabs, 2019)  

 

The range of technology that can be defined within the AR spectrum is broad and highly 

dependent on the intended application. AR is also to some extent already implemented 

in our everyday life. From the television industry where the weather forecaster stands in 

front of a projected weather map, to mobile phone recognition of QR codes. However, the 
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real breakthrough is still believed to be ahead of us. The AR-market is expected to grow 

rapidly and reach a size of USD 100 billion by 2024, indicating the economic incentives 

for the production of this technology. Within the health care industry, the expectations 

of AR are high and some mean that it will potentially disrupt the industry. Several pilot 

projects have been carried out during recent years. Microsoft is currently conducting 

pilot projects together with Philips where the Hololens2 is used by physicians. Another 

example is an experiment where Google glasses were used in a similar way (Iversen et 

al.). 
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Empirical findings 

In this section we will present our empirical finding from our research which is mainly 

based on the conducted interviews. The data has been divided into the different 

propositions to reflect the respondents view of each proposition and its corresponding 

measurements.  

 

SHCS Structure  

When a new technology is introduced it is often presented by a MedTech company who 

show up and do a demo of their product. The people involved get to familiarise 

themselves with the technology in order to evaluate the need for it. If it is a smaller 

investment, the process can be very fast, where a surgeon with authority could 

potentially introduce the technology direct without involving higher instances. This 

indicates the importance of the person behind the introduction of the AR-technology. 

However, AR-technology often implies a big investment which leads to a much more 

complex introduction process. (Anders - interview, 2019) 

 

Organisations within the public sector of the SHCS are obligated to follow the Swedish 

public procurement act for bigger investments. This means that if the technology is to be 

implemented, the organisation need to specify the requirements of the product they 

want to implement. Different providers are then able to lay bids on the deal where the 

cheapest alternative should be chosen by the public organisation requesting the product. 

This means that they end up with a different product than the one in mind from the 

beginning. Furthermore, this process can take a lot of time and chances are that the 

need for the product disappears during the process. (Anders - interview, 2019) 

 

However, Martin does not see the public procurement act as a big issue, at least not for 

his employer as a company, since they work as a partner company, where their 

technology will be a part of a bigger product package. An example could be that their AR 

products are included in a complete solution delivered by another company. (Martin - 

interview, 2019) 

 

As of today, the MedTech companies are often the ones who drive the change towards 

new technology in the health care sector. However, Anders urges the importance of 
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including especially the health care providers but also the academia and politicians in 

this process. Health care providers are the ones dealing with the issues by first hand 

and should be the ones to express the need for new technology, a step that is often lost in 

the process. Without this crucial step, there is a risk that MedTech companies create 

nice-to-have technology rather than need-to-have technology. At the same time, 

collaboration with politicians is needed to pave the road as much as academia is needed 

for research and development. (Anders - interview, 2019) 

 

Another aspect of this issue is brought up by Martin. He argues that when looking at the 

technical shift taking place in the health care industry there is one aspect important to 

keep in mind. The technology that has been implemented in a health care setting 

throughout history is mainly pure medical instruments that were owned, operated and 

understood by clinicians. Often big machines such as X-rays or MRI-scanners.  Today, 

the development is taking place in a digital setting and ranging beyond the competence 

of a regular clinician, resulting in a shift of responsibility from clinicians to the 

IT-department. The structures of the SHCS has not been ready for this shift which 

results in confusion and communications issues. In a setting like Region Stockholm, 

which is a really big organisation, the IT-department and clinicians are not on the same 

page and the distance between the two slows down the introduction of AR-technology. 

Clinicians are still the ones who see the potential in the new technology, but their will to 

introduce it might be inhibited by the fact that crucial people do not see the areas of 

usage as clear as the clinicians do. Martin argues that clinicians need to be able to set 

time off for digital innovation in order for this shift to be successful. (Martin - interview, 

2019)  

 

Erik sheds light another aspect, that the rather complex structure of SHCS contributes 

to an uneven circulation or distribution of technological development in the country. He 

states that what pertains to the province of Dalarna is not the same as in Östergötland. 

The health care in Sweden is controlled on a regional level giving the individual health 

centre or hospital little autonomy. (Erik - interview, 2019) 

 

However, Erik is convinced that the introduction of the technology is very much 

dependent on who is the chief physician at the clinic. The mandate of the chief physician 

weighs heavily in relation to others and the relationship between the doctor and the 

hospital manager is crucial. He believes that if the chief physician is interested and 
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believes in technological innovation, in combination with a good relationship with the 

hospital manager, this can lead to a smooth introduction of AR. Of course, this is also 

regulated by the region's political decisions and the hospital budget. (Erik - interview, 

2019) 

 

 

Conservatism  

Anders believes that it is possible that the view on introducing AR-technology in the 

SHCS is divided between different professional groups. Some might not even know what 

AR is and its possible areas of application, while others are very well informed. The 

people who are not educated are also likely to possess a conservative view of the new 

technology, which is why it is important that the people who are driving the change also 

have the knowledge to do so (Anders - interview, 2019). 

 

Martin share this view and feels that people within the SHCS are very positive to AR. 

Clinicians who try the for example the AR-product Hololens2, easily understand the 

potential of the product and instantly see areas of application. The conservatism is 

rather on the IT department of the organisation. Their focus is rather on making the 

existing technology work than introducing new ones. Again, clinicians and 

IT-professionals in the SHCS do not have the same view of relevance. (Martin - 

interview, 2019) 

 

In order to overcome these barriers, it is important with good examples Anders argues. 

Different successful projects where the technology has been implemented and the value 

is recorded. Again, it is crucial that the people within the SHCS understands the value 

of the product and show real cases where the return of the investment has been 

recorded. There are different ways of calculating the quality of health technology called 

Health tech assessment (HTA) but this has to be developed along with the technology. 

(Anders - interview, 2019) 

 

Erik considers himself to have a positive attitude towards technological development 

within the health care system. He believes that the general attitude of the university 

may be the basis for his own. On the other hand, during internships and other practices 

outside the university, he has noticed a more skeptical approach to new technology and 
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innovations. This skepticism has recently been directed towards the new e-services that 

have emerged, so-called virtual health centres, or virtual health providers. An example 

of such is the swedish company KRY where the patient does not actually need to 

physically be at health centre, but the visit is carried out through a video call with 

smartphones. The very idea behind these applications does not seem to be the problem, 

but it is primarily the execution of them. These private e-service companies benefit from 

the system, attracting patients, and are then billing the patients’ regional health 

centers. (Erik - interview, 2019) 

 

Erik argues that doctors generally seem to be more critical of new technology, compared 

to other professional groups in hospitals, such as nurses. He points out the risks that 

arise when treating real human beings. Technological developments can reduce these 

risks, but if they does not provide any guarantees, one should really consider the use of 

the innovation. He believes that it is the unknown in health care doctors fear, a mindset 

that seems to permeate the profession in general, but in working life in particular. 

However, the universities use innovations and technological optimism as marketing to 

attract students. Outside school, in critical real-life scenarios, it is not that easy - 

everything must be secured and have low risks, something that does not need to be 

considered to the same extent in the education. (Erik - interview, 2019) 

 

GDPR 

Data regulations to protect the patient’s privacy has always been essential within health 

care which meant that a lot of the routines of handling personal information already in 

place when GDPR entered into force. If anything, GDPR has contributed with a better 

structure and guidelines of it the data should be handled, leading to more security for 

the patients. However, the regulation might still affect the industry in the sense people 

are more afraid of doing wrong. It might also affect the technological development of 

health care technology and slow it down. (Anders - interview, 2019)  

 

Martin emphasize the importance to see GDPR as an opportunity rather than as an 

obstruction. Comparing with Finland, who have done exactly that and are now 4-5 years 

ahead of other countries in regards to the use of Data. He does not believe that GDPR 

necessarily will limit the development of AR within the health care field in Sweden. 

Regarding the holographic viewpoint, GDPR will rather simplify and make usage easier, 
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especially considering the integrity of the patient. However, Martin points out another 

possible problem of GDPR. Patients might assume that they have granted the hospital 

permission to access their personal data when they in fact have not. For example, as a 

cancer patient you might expect that the hospital will use all the data possible to 

personalise and find the best treatment for you, when in fact this is not alway the case. 

(Martin - interview, 2019) 

 

 

Market uncertainty  

When it comes to the question of market uncertainty, Anders argues that big 

investments in new technology are usually not done during uncertain times, which in 

turn does not really drive the introduction of new technology. (Anders - interview, 2019) 

 

Regarding competitors, Anders means that there is a competitive situation on the 

market, especially between public and private actors. In general, private actors are freer 

to introduce new technology since they do not have the same obligations to regulations 

such as the Swedish public procurement act. (Anders - interview, 2019) 

 

Martin does not see any existing competition concerning how AR is used between the 

different hospitals in Sweden. However, it is considered prestigious to be prominent in 

within the AI field (Martin - interview, 2019).  

 

When it comes to customers, in this case, patients, the gain of using AR-technology is 

potentially very big. For instance, by visualising how surgery could be done and show 

the result by using with intuitive 3D models would give the patient more insight into the 

process. Many patients do also expect to be involved and thus, Anders believes that they 

have to be more involved in the process of introducing new AR-technology than they are 

today. (Anders - interview, 2019)  

 

On the other hand, Martin mean that the focus lies more on how the clinic can use it and 

how it can facilitate their work, rather than on the patient itself. This makes it 

important for clinics to really allow for the development to happen and to put more time 

into it, rather than only focusing on involving the patient in the process. However, he 

also identify a substantial value in using AR to include patients in a better way in their 
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care processes. The patient can with the technology visualise their surgeries and trust 

can easier be built between the doctor and the patient. (Martin - interview, 2019) 

 

Martin also urge the importance of having the customer aware of the way their data can 

be used.  Not because the data is used in any unethical way, but rather how the data is 

being used in an inadequate way in comparison to its potential, or frankly not used at 

all.  

 

There is also pressure from the government that the organisations within the SHCS are 

to invest in research and innovation. Politicians have set up so-called innovation policies 

and the organisations are expected to follow these with their own goals of how the 

organisation will meet these demands. There is a will to increase the collaboration 

between health care providers, the industry and the academic sector. (Anders - 

interview, 2019) 

Also Martin identify the pressure on and from the government, and mentions the new 

directives that will be put into practice in May 2020, regarding how digital tools such as 

AR, AI and other models shall be quality marked. This will mean that not only 

traditional med-tech products will get thoroughly investigated (Martin - interview, 

2019). 

 

Furthermore, Martin argues that many politicians want to speak about how important 

the digitalisation but there is an obvious lack of knowledge among the political leaders. 

There are ongoing discussions about how to not make the same mistakes as earlier 

regarding introduction of technologies. However, yesterday's technology is not the same 

as today’s and the development is incredibly fast, and it seems like the politicians are 

unaware it, resulting in Sweden lagging behind. From the political side, there is also a 

belief in the collaboration between the academia, industry and care providers. (Martin - 

interview, 2019).  

 

The technological initiatives are often driven by research or science, but there is really 

not a plan for how these should be used in practice.  
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Performance gap  

Anders argues that there is definitely a gap between the technology that could be 

introduced and the ones that are already in use. There are a lot of interesting techniques 

that can be implemented in the field of eye care. These are mainly related to combining 

different techniques that are used today and present it in new ways by using AR. The 

eye-care sector is highly dependant on pictures and 2D visualisations. Combining these 

into 3D models in an intuitive way is very interesting and something that is not possible 

today. These models could be very useful both for educational purposes and in clinical 

settings. For instance, having one of these models made and updated in real-time from a 

real person could enable remote surgery on the model from a doctor that is implemented 

by a surgery robot. (Anders - interview, 2019) 

 

However, to what extent this gap acts as a positive force to the introduction of 

AR-technology might not be that obvious. If the technology that is to be introduced 

implies a big investment for an organisation in the public sector, that will also mean a 

rigorous introduction process. The performance gap will in that sense not necessarily 

have a positive influence on the introduction of AR-technology since this process can. In 

general, it is always challenging to consider the value of the new technology against the 

investment of implementing it, both from a performance and economical perspective. 

There are standardised ways to calculate the return of the investment but Anders 

argues that the sector has to become better at this by using data, measured outcomes 

and more. (Anders - interview, 2019) 

 

There is also a gap regarding the performance of technologies used in education and the 

ones used in real practice. The medical university of Linköping was the first in the world 

to invest in a visualising table. The table is similar to an iPad, only much larger making 

an almost full-sized human body fit inside. Students are, with the table, able to study 

the anatomy into the smallest detail, such as fat, veins, how the blood flows, and take 

x-rays in real-time. The visualising table also has the function of zooming, rotating and 

examine specific and individual parts of the body. Erik believes that this educational 

technology contribute to a good overview and understanding of the anatomy as well as a 

risk reduction in real clinical practice. (Erik - interview, 2019) 

 

32 



However, the visualising table is only used in education and does not bring any 

advantages to a real surgery, other than possible training experience. Erik implies that 

the new technology has to be very well developed in order to be implemented into 

clinical settings. He brings up an example of digital sphygmomanometers, used for 

measuring blood pressure, that in an early stage of development failed to capture 

specific corner cases. This made it disadvantageous as the doctor was better of using the 

good old fashioned way. (Erik - interview, 2019) 

 

Martin approach this topic from a slightly different angle and brings up the topic of 

precision medicine, where we have a growing economic performance gap. Precision 

medicine is the type of medicine practice where treatment are personalised on an 

individual level, often based on the person's DNA. At the same time as this makes the 

treatment incredibly precise and effective, they also become more expensive and treating 

the wrong patient is not affordable. One example is the cancer treatment that once was 

carried out in a similar manner regardless of the cancer form, is today very precise and 

specialised for the intended form. The single most important thing to make this possible 

is data, and thus one should pay close attention to the way an organisation make use of 

their data. (Martin - interview, 2019) 

 

Design 

Parallel to the development of AR there has also been a great advancement within the 

HCI in how to use holograms. There are still some difficult obstacles to overcome related 

to questions like: How do you give feedback to the user when pushing a button in the 

air? When using a real keyboard or a touchscreen the device will give a feedback 

through your fingers, which today is not possible when pointing in the air, the 

nothingness. (Martin - interview, 2019) 

 

 

Technological readiness 

The question of whether the AR-technology for health care needs more development in 

order to be implemented successfully depends on where you want to implement it. For 

instance, AR is already used for some educational purposes where you can, for instance, 

visualise an eye by using a pair of googles. However, one might argue that this more in 
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the field of VR. This type of technology could do much good in clinical settings as well 

but the processes need to automated for them to be effectively introduced. Anders argues 

that much of the technology used in eye-care is compatible with AR but more 

development is needed for it to be introduced on a big scale. Again, it has to automated 

for it to be used in daily work. (Anders - interview, 2019) 

 

Martin is convinced that the holographic products that are used for visualising data, 

such as 3D visualisations, the technology is already well developed to be implemented. It 

has actually already been used in clinical pilot projects and practical in some educations. 

A recent experiment has been carried out that proved its legitimacy in education where 

a group of medical students were split into two groups. The first group went through a 

anatomy course completely based on holographic materials, and the other group did the 

exact same course but in the classical way. When the course was done, all students took 

the same exam and the results showed that both groups had performed equally well. 

However, the group that only used holographic material spent 60% less time on the 

entire course, than the other group needed to study and learn. (Martin - interview, 2019) 

 

Erik share this view of both Anders and Martin, that there are AR-technology that being 

used in the medicine education. Apart from that, one of the applications of AR in health 

care that has come the furthest in development, but according to Erik still has the 

potential to grow even more, is the one that simplifies web-based conversations. 

Communication and interaction between actors in the health care system regardless of 

their actual distance has become tremendously easier. Today, doctors can share pictures 

and their experiences through cameras and even interact in videos in real-time. In this 

way, one can avoid the problems that exist with regard to physical distances, which 

favor the sparsely populated area. Patients in such areas often live far from health 

centers and may not even have access to a hospital in the region. (Erik - interview, 2019) 

 

The upcoming stage AR has to achieve is the one concerning the practical interaction 

with a digital hologram. In the clinical profession the job is done on millimetre level and 

with AR there problems emerge with regards to the projection of the virtual objects. In 

order for the holographic models to work exemplary, the object needs to be located in the 

exact same position as the real ones, or in relation to the real world. There are also 

discussions around how we want the virtual objects to behave when we interact with 
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them. Martin raises the question whether a virtual coffee cup should fall to the ground 

and break if the real table, it is projected onto, is moved. (Martin - interview, 2019) 

 

Erik thinks that virtual health centers or providers will then come in handy and the use 

of them fulfills their real purpose. He argues that these applications are very effective 

when it comes to the care of patients with problems that can be visually captured with a 

camera and seen on a smartphone. It may be concerning skin medications or problems, 

or other superficial injuries but should be used cautiously regarding other problems that 

require an examination by experts of the matter. He points out the insufficient 

performance virtual health centers have in the breadth of cases they can treat. (Erik - 

interview, 2019) 
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Analysis 

This chapter will connect the dots between the empirical research and the theoretical 

framework, developed for this study. The correlation between the two parts will be 

analysed in order to understand how they connect to the propositions, and subsequently 

what, why, and how these either acts as drivers or constraints of innovation.  

 

 

The empirical research of this study show that even though some AR-technology 

applications are ready to be introduced from a technical point of view, they are still not 

being used at the hospitals. It appears that the AR-technology itself is not ready replace 

the current technology in use and there is something else besides technological 

innovation that prohibits the introduction of AR-technology. Just like the 

TOE-framework indicates, the organisational and environmental factors are equally 

important when introducing new technology. Thus, the issue cannot be resolved by 

solely observing one of the contexts since they all interact with each other. 

Organisational context 

Our research indicate the importance of the organisational context when introducing 

new technology. All our respondents have different experiences from organisations in 

the SHCS and they all share the opinion that the structure is highly complex and multi 

layered. Erik share his view of the fragmented SHCS divided into different regions 

where situation is not the same in the country. Martin further discuss the 

communication issues between IT-departments and clinicians which is also related to 

the size the organisation, where the issues become more evident in larger organisations. 

Furthermore, the fact that there are differences between different groups of profession 

within the SHCS sheds light on the hierarchical structures that impact the introduction 

of AR-technology. While an executive or chief clinician might have experience to identify 

existing problems and consider other solutions, a lower positioned individual might not 

even know what AR-technology is or have the authority to drive the transition.  

 

Anders also urge the need for good examples where the technology has been successfully 

implemented and documented in a reliable way, which is crucial for people to even 

consider the new technology. A fact that indicate the conservative view that pervades 
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the SHCS where they pay closer attention to the potential problems rather than the 

perceived benefits of the new technology.  

 

Furthermore, it appears to be easy to identify issues with current solutions, but more 

difficult to decide which technology should replace it. There is also a question regarding 

the amount of investments needed for introducing and later implementing new 

technology. From Anders point of view, an investment is dependent on the organisation’s 

capacity and resources in order to go through the large process that a technological 

change implies. However, from Martin perspective, this economic gap includes whether 

both actors in the partnership see the same potential profit in the investment. It is also 

dependent on the surrounding technologies such as methods of data handling and how 

these, in turn, affects other. Common for all three of the respondents is that there 

appears to be smaller and bigger gaps from both economical and performance 

perspective everywhere. Everything from specific AR-technology that can improve the 

eye-care and education to more general technological developments that improve the 

care by utilizing existing data.  

 

According to our P1 and P2, the SHCS structure and conservative views are likely to 

work against the introduction of AR in the SHCS. In the light of NP/TP these factors 

should be considered as a lack of demand for the new technology. It emphasizes the 

importance of NP in the process of introducing the new technology since the technology 

will not be introduced if the need is not big enough. On the other hand, P5 indicate the 

importance of having well developed technology, i.e TP, that can be showcased and 

proved before it can be introduced into such a complex organisation.  

 

In accordance with the TOE-framework, these are typical challenges that needs to be 

highlighted in the organisational context in order to understand the decision-making in 

the introduction process. 

 

Environmental context 

Turning towards market uncertainty it can be concluded that this factor also has a 

significant impact on the introduction of AR technology. One might argue that we are 

currently in a time of much uncertainty, where the emergence of artificial intelligence 

and AR-technology etc. are to disrupt basically all industries. Even though Anders 
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argues that uncertain times are not times for doing big investments in new technology, 

the fact that he mentions the determined focus from all sectors to invest heavily in 

research and collaborations supports our claim. Policymakers who demand 

collaborations between health care providers, industry and research instances is driving 

innovation and creating incentives to introduce AR-technology. Also, the new directives 

that are about to be put into place in 2020 indicate the need for change and action. Even 

if the economic investment is not placed, the uncertain environment puts pressure on 

health care providers to adopt as well as it pressures the health-tech industry to come 

up with innovative solutions, in accordance with our propositions.  

 

However, the market uncertainty has not generated the increased competitive pressure 

as expected. Even though there is a competition going on between public and private 

health care providers, where the private ones have a better authority to introduce new 

technology more efficiently, it appears to be a lack of competitive pressure. Our research 

indicate that one of the reasons for this is the public procurement act, where extensive 

investments in new technology for public health care providers are not compatible with 

the rapid technological development. As suggested in the TOE-framework, competitive 

pressure is one of the most influential forces that are positively associated with the 

adoption of new innovation. Thus, a lack of this force in the SHCS environment 

prohibits the introduction of AR-technology and is identified as one of the key factors 

that slow down the introduction of AR-technology in the SHCS, going against our 

proposition.  

 

Furthermore, the GDPR has increased the awareness of data regulations, creating 

governmental pressure on the industry. On the other hand, data privacy has always 

been central when dealing with patient health data long before GDPR became final, 

giving the health care sector, if anything, an advantage in this adoption. This indicates 

that GDPR has not affected the introduction of AR-technology in the SHCS in any 

negative way.  

 

So how can these factors in the environmental context be observed in the light of NP/TP 

and as drivers for innovation. The market uncertainty appears to give rise to a demand 

of new solutions and thus highlight the NP-perspective. However, since the structure of 

the SHCS does not open up for the competitive pressure that usually goes with the 

market uncertainty, the demand is probably not as big as it could be.  
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Technological context 

Furthermore, there is also an interesting aspect of knowledge of new technology. An 

experienced person working in the SHCS is probably the person who best know the 

advantages and disadvantage of technology used in a specific field. The importance of 

this person being aware of the new technological solutions on the market is crucial for 

the introductory process. If this person is able to identify the perceived benefits of the 

technology, he or she can possibly act as an influential force to begin the introductory 

process. Like suggested in the TOE-framework, the complexity of the technology is an 

important aspect to keep in mind when creating the new technology to make sure that 

the intended user will be able to understand it.  

 

Furthermore, both Anders and Martin emphasise the fact that different units need to 

collaborate to enable the introduction of AR-technology. Anders urges the need for 

collaboration between academia, the MedTech industry and politicians and Martin focus 

more on internal structures within a health care provider. Regardless, it is clear that all 

actors need to see the shift that is happening, where questions like who should be in 

charge of the system (the IT-department or clinicians) and who is responsible for 

introducing the new technology need to be addressed. But also to create need-to-have 

technology, rather than nice-to-have and that it is created specifically for the intended 

usage. This indicate the important aspect of the technology characteristics in the 

TOE-framework, i.e that the technology is specifically suited for the intended industry.   

 

To pay attention to user needs when building new technology is also the foundation of 

need-pull. Thus, one of the greatest challenges when creating new AR-technology for the 

SHCS is to understand the intended user and solve a real problem they have in their 

work, not just another tech-device. Moreover, The fact that AR-technology gives rise to a 

new research area in HCI, indicates the research effort that will be put into 

understanding user needs for the technology to become ubiquitous.  
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Discussion 

This chapter will give a final discussion and conclusions of our propositions impact on 

the introduction of AR-technology in the SHCS. 

 

The purpose of this research was to find the factors that enable the introduction of new 

technology into the SHCS and identify how these factors act as underlying drivers, or 

constrain, of innovation. With this in mind, the propositions were designed to generate 

answers to fulfil our purpose. In retrospect, it can be concluded that some of these 

propositions were better answered by different respondents. It is possible that this could 

be adjusted from the author’s side to only use propositions that suited all respondents 

and something that should be taken into consideration in further research. On the other 

hand, choosing a broad spectrum of propositions might have generated insights that 

would not have been gathered in the other case. Furthermore we have identified that 

some propositions should be considered more carefully than other in order to 

successfully introduce AR-technology into the SHCS.  

 

The structure of SHCS plays a large role in the introduction of AR, but whether it 

contributes to an exclusively negative influence like proposed is questionable. The 

structure includes so many different aspects and is in fact not the same in all of Sweden. 

This slow system seems to be something that slows implementation of new technology 

down, but at the same time acts as reminder of caution and carefulness. So the short 

answer to P1 would be that the structure of SHCS has a negative effect on the 

implementation of AR-technology. However, we believe ourselves see the change coming 

and even though the system might big and slow, when change is coming it is comming 

on a broad scale. To understand the system structure appears crucial to be able to 

introduce AR-technology into the SHCS and probably one of the more important factors 

we have identified.   

 

Turning towards conservatism within SHCS, this has mainly negative influence on the 

implementation of AR-technology like we expected. The higher up in the 

decision-making hierarchy it is found, the more negative influence it may have on the 

introduction process. The respondents implies that the power to influence the SHCS, or 

an organisation within, can solely lie on a single individual depending on his or her 

status, role and authority to make decisions. Conservatism can also take place on 
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internal locations, far away from the clinical work but still influence the introduction of 

new technologies. The most important thing to overcome the conservatism that pervade 

is identified as creating sustainable business cases where AR-technology is proved in a 

clinical setting. This is also highly related to the design proposition which indicate the 

importance of including the intended users in the development of the AR-technology. 

 

Data protection laws have been a central part of the SHCS for a long time which left this 

sector well prepared GDPR. Our understanding is therefore that GDPR has not affected 

the SHCS in any major way. However, the SHCS has not either been on the top of their 

game and used GDPR to their advantage like others have done. Looking at adjacent 

countries to Sweden, Finland has treat regulations such as GDPR in a different way to 

their advantage and are now ahead of Sweden when it comes to handling data. However, 

the general conclusion is that GDPR is should not be considered to have any significant 

impact on the introduction of AR-technology in the SHCS.  

 

The market uncertainty does influence the the introduction of AR in a positive way 

where it gives rise to discussion and engagement from different instances. Although, the 

structure of SHCS allows for competition between public and private actors, the 

competitive pressure does not situation does not give rise to the competitivity seen 

purely in the private sector. However we do see that the situation generates a force from 

both a NP and TP point of view, where the AR industry is racing to be at the front line 

when the health care is ready to introduce AR in full scale.  

 

Regarding the performance gap there are clearly gaps both from and economic and 

technological performance perspective. At which stage this gaps truly starts to generate 

a demand of new technology is hard to determine. It appears to be equally hard to 

determine where on this scale we are situated currently. All respondents however, 

identify an existing performance gap influence by their differences in experience and 

background. There is also indications that this gap will become more and more evident 

during a later phase in the adoption of AR-technology, when one truly can see the 

potential of the technology. Even though the demand exists, it should not be considered 

decisive before the technology have been proven to generate sufficient results. The 

technological development must reach a level of sophistication, or technological 

readiness before it can seriously be considered. When so, It could potentially work as a 

tipping point, beyond which the performance gap will generate a significant demand of 
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the AR-technology and thus should be considered a significant factor in the introductory 

process of AR-technology.  

Final remarks and future research 

In this last chapter we will give some final remarks and suggestions for future research.  

 

As mentioned in the introduction of this paper, one should see this paper as an 

introductory study where the results can give insight into where to focus attention to 

further understand the challenges of this topic. One of the main findings of present 

research is that the structure of SHCS is complex and indeed crucial to understand, in 

order to introduce AR-technology. Furthermore, key individuals should be identified and 

aware of the potential of the technology and thus the existing performance gap. A 

sustainable business case of AR-technology in the SHCS is needed to prove the 

technology and it purpose in the setting. In particular, one should focus on how to 

calculate the return of the investment in the technology to prove its legitimacy. Hence, 

how this business case and calculations should be developed could be an interesting 

topic for future research.  
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Appendix 1 - Interview questions 

The questions asked in all the interviews are presented below. They are written in 

swedish because all the interviews were held in swedish. 

 

 

The interview questions are formulated to give an indication of the measurement that 

each question is related to. Please note that some questions have been identified to be of 

greater importance for some of the respondents, depending on their area of expertise. 

Meaning that the different interviews have been centred around the most relevant 

questions for that person, which is also reflected in the answers.  

 

SHCS Structure  

 

● Vem tar beslut om att introducera ny teknologi inom organisationen?  

● Vem driver på den teknologiska utvecklingen inom svensk sjukvård?  

● Skulle du säga att det är viktigt vem som faktiskt driver på förändringen? 

● Hur skulle du beskriva introduktionsprocessen av ny teknologi?  

● Vad är det som funkar och vad gör inte det?  

● Hur skulle du beskriva relationen mellan olika aktörer? Beslutsfattare, politiker, 

innovatörer osv? 

 

Conservatism  

 

● Vad är din inställning till AR-teknologi (eller tech i allmänhet) inom svensk 

sjukvård?  

● Anser du att det finns en delad syn på hur teknologi introduceras mellan olika 

yrkesgrupper inom sjukvården?  

● Vad skulle du säga är den generella uppfattningen av vad AR-teknologi kan 

bidra med inom sjukvården? 

● Vad skulle du säga är den generella uppfattningen av vilka problem 

AR-teknologi medför inom sjukvården? 

 

Data regulations  

 

● På vilket sätt har du ändrat dina arbetsrutiner efter införandet av GDPR? 

● På vilket sätt har GDPR påverkat möjligheterna till att introducera AR-teknologi 

inom sjukvården? 

● På vilket sätt kan du föreställa dig ett positivt utfall av GDPR från ett 

innovationsperspektiv?  

● Finns det andra data regleringar som påverkar introduktion av ny teknik?  

● Om ja, vad var utfallet av den regleringen och på vilket sätt påverkade det 

introduktionsprocessen? 

 

46 



Market Uncertainty  

 

● Finns the AR-teknologi som du vet med dig att konkurrenter använder sig av 

som ni inte gör?  

● Anser du att det finns en konkurrens mellan vem som använder mest avancerad 

teknologi? 

● Hur ser kundernas förväntningar ut kring vad för teknologi som används?  

● På vilket sätt försöker ni hänga med i utvecklingen kring AR-teknologi?  

● Känner ni av någon extern press att AR-teknologi borde börja användas mer? 

● På vilket sätt inkluderas kunder/patienter i introduktionen av AR-teknologi? 

 

Performance gap  

 

● Vilken typ av AR-teknologi tycker du är speciellt intressant för svensk sjukvård? 

● I vilka områden tror du att AR-skulle göra mest nytta? Vilka nuvarande 

lösningar skulle bytas ut?  

● Vilka lösningar finner du nu ohållbara från ett ekonomiskt perspektiv?  

● Vilka lösningar finner du ohållbara från ett prestationsperspektiv?  

 

Design  

 

● Kan du berätta om din erfarenhet av introduktion av AR inom sjukvården?  

● Hur såg processen ut?  

● Till vilken gran inkluderade ni användaren i utvecklingsprocessen?  

 

Technological readiness 

 

● Finns det någon AR-Teknologi du anser är redo att introducera inom sjukvården?  

● Vad tror du saknas i dagens AR-teknologi för att den ska bli redo att 

introduceras? 

● Till vilken grad tror du att nuvarande teknologi som används är kompatibel med 

AR-teknologi? 

● Anser du att det vore lämpligt att introducera AR-teknologi överhuvudtaget med 

tanke på dess komplexitet?  
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