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Figure 3: Overview of research methodology 

Results 
The general hierarchy of phenomena positioning within the framework showed a similar pattern 
among all experts. The phenomena “technological properties of the product” was consistently 
placed below the phenomena of “medical professional opinions” or phenomena related to 
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hospital. Exceptions occurred between Socio-Technical and PSS levels, as well as between PSS and 
Product-Technology levels. On the example of “clinical trial” we observed that some experts (n=2) 
placed two different phenomena in the same level (PSS) while others separated it between Socio-
technical and PSS levels. The column called ‘reflection’ gave the most similar results among 
experts. There were some differences in the synthesis cell, but most different results were seen in 
the  “analysis “column. Experts selected similar phenomena in diverse levels. For example, all 
experts selected methodology or the tool of the clinical trials. While some experts (n=2) selected 
the details of the clinical trial and elaborated on its use in the model, others grouped it as clinical 
trial and placed it into one single cell. The findings of experts and the case analysis results were 
synthesized with the results of expert analysis and cases analysis in order to explain the main 
findings.	
  

Underlying Reasons 

Results were grouped as differences in the levels of the system, differences in the stages of the 
process and differences in the phenomena use. Similar elements in the different rows of the 
analysis framework can be explained either by confusion of understanding of the levels of the 
model or inadequacy of the amount of rows in the model. This will be illustrated by the following 
examples from the results. 

Example 1:  Cases including a technological product aiming at behaviour change  

It was seen that if the case included a technological product aiming to change a behaviour (Case 1. 
A game to motivate elderly), ‘the product properties and trial’ (data element) was placed in the 
synthesis column = (by all experts, shared understanding). However, in the rows:  it was placed in 
the different levels. The levels chosen and the reaction of experts are below: 

• Product-technology level, Expert 2’s reaction: “it is the basic function of the product” 
• Societal level, Expert 1, 3’s reaction: “technology is changing behaviour of people” 
• Product service system, Expert 4’s reaction: “health professionals were involved” 

Example 2: Cases including a technological product aims to improve a complication of a patient 
tested with health care professionals 

It was seen that if the case included a trial of a technological product on patients and the test was 
performed by health care professionals (Cases 2, 4). ‘the trials’ (data elements) was placed in the 
experience column (shared understanding). In the rows it was seen in different levels. The different 
levels and the reaction of experts are below: 

• Product-technology level. Expert 1,3 reaction: “technology aims therapy (ie. muscle 
improvement)” 
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• Product service system. Expert 2,4 reaction: “simulations with health professionals” 

It was further discussed in the group session that clinical trials might be done in product 
technology Level: e.g. Therapeutic-effect measurement or PSS level, e.g. the efficacy of an 
intervention. Since clinical trials are important element of the design of medical or health devices, 
it was decided that the experience column might need to be more specific in each level. 

 Differences in the columns are related to cases in which pre- and post-intervention analysis is 
performed to measure interventions, experts placed pre and post results differently. Some experts 
divided pre-results to preparation and the others places both in experience. 

 ‘Societal problem’, ‘the product properties’, ‘the settings of the trial the methods of the trials’, ‘the 
health professionals’, and ‘the organizations’ were the common important health innovation 
phenomena defined by experts. It was observed that background and interest of the experts was 
correlated to the detail of the data selection. 

Stakeholders: Some experts (2) included stakeholders as important elements, and placed them in 
diverse cells in the process level. One expert (1) included and placed it next to the empty cells in 
the framework, and one expert (1) skipped the stakeholders as important elements. In the group 
discussions ‘including stakeholders in the system’ was found ‘potentially useful’. 

Adjusting MDM to Health Care Systems and Stakeholders  
The following changes are recommended to explain the design and innovation processes and the 
unique properties of its socio-technical system specific to health care. The final model with 
adjustments can be seen in figure 5: 

Adjustments for Health Care Systems  

To adjust the layers, one more level between PSS and Socio-Technical system levels can be added, 
due to many organizations involved in the health care system. Socio-technical level in MDM might 
be divided into two different levels as ‘organizational level’ and ‘socio-technical level’. Jones (2013) 
confirms the more layer hypothesis in the socio-technical system of health care systems; and 
defines the socio-technical system in three layers: work-unit level, organization level and industry 
level (Jones, 2013). Therefore, “organizational” level, as the intermediate level in the socio-
technical system can be added under socio-technical level and above product service system level 
in MDM. We added stakeholder and interest columns to the model because providing an overview 
about the potential stakeholders or other actors is important.  
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Adjustments to improve shared understanding among stakeholders 

Results showed that there were some differences in the understanding of model by experts. In 
order for model to be understood and used correctly by various stakeholders, it should fit into the 
medical terminology and the jargon of health professionals and other stakeholders in health care.  

The pre-and post-clinical trial results’ were separated by some experts in to the cells of ‘analysis’ 
and ‘experience’; while others put both pre-post results in the  ‘experience’ cell. This diverse use 
might be because of the confusion related to a common use of the word “Analysis” differently by 
diverse stakeholders. For example, the word “analysis” is used in the process of user trials, clinical 
trials and in market analysis.  

Changing the term “analysis” to “preparation” for example might bring further clarity. Explanation 
of the model might use the definition “the initial work that leads to design decisions” to refine the 
stage. These amendments help avoid, potential confusions. To clarify the function of the column, 
the word “trials” could be included in the definition of “Simulation” column along with guiding 
examples. Some explanations for “tests” and “tools” can be further explained. (‘Tests’ in this section 
might include, Clinical trials etc. Intervention studies, controlled study, ‘Tools’ in this section for the 
tests might include: Pre-Post tests, Clinical tests (e.g. One leg standing test), evolution of interest of 
patients over time, measurement of cognitive functions etc.) 

 

Figure 4: Visualization of health care innovation systems and stakeholders (Based on Peter Joore, 2010; Jones  
2013) 
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Limitations and Directions for Future research 
This research was conducted with a limited number of experts acted like the representatives of 
stakeholders (medical device engineer, designer, design manager, health policy advisor) in their 
professions, and several other important stakeholder groups were not represented in this study 
(e.g. health assessment organizations, regulatory agencies). Therefore, feedback from health 
organizations and regulatory agencies would be valuable to confirm the suitability of the model in 
their development processes. For design managers other case materials can be included, such as 
product descriptions, marketing reports, and user- trial plans and policy documents to be used in 
their design projects. 

Conclusions 
Research reported in this article aimed to demonstrate if MDM could provide an overarching and 
holistic model for describing the product development, service development process and socio-
technical processes in health care. It is concluded that an adapted MDM has the potential to 
achieve aforementioned. Those adjustments can be summarized as adding an organizational layer 
since organizations play an essential role and adding the stakeholder related columns to the 
model to guide the design/ innovation process. Adjustments related to use of the terminology and 
improvements in definitions are also required to prevent misunderstandings. 

The article also contributes to the model development approaches in design science related to 
validation of theoretical models. The elements of the MDM provided “bins” containing categories 
such as ‘problem in the product technology level’, ‘problem in the product service system level’, 
‘experience in the product technology level’, etc. Those bins helped in data collection to be 
selective – to decide which variable are most important, which relationships are likely to be most 
meaningful and, as a consequence, what information should be collected and analysed at the 
beginning (Miles and Huberman, 1994). In this way it helped to specify what should be explained 
in the model and what can and cannot be explained by the model. 

Furthermore, the sub-findings related to expert analysis showed promising results about the 
application of the expert analysis methodology, as a co-design tool for designers and our future 
studies will include the development of such a tool.  
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