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Abstract

An applied model for implementation of innovative
IT-solutions for telehealth into the healthcare system

Hannah Lundström

Today, new technologies are introduced to the market every day, and constantly
changing our way of living. Especially in the healthcare sector, the change process is
approaching a point where doctors can benefit from the use of, for example,
connected portable reading devices instead of paper-based medical record systems.
The information and communication technology is promoting the evolution of a new
pathway of care delivery, a paradigm shift that alters the fundamental relationship
between a doctor and its patient. The concept is defined as telehealth and formulates
the provision of care at a distance and provides the possibility to treat patients in
their home environment instead of at the hospital. 

This master’s thesis has been performed on the request of Cenvigo AB, a company
active in the implementation of new IT-solutions into the healthcare and eldercare.
Cenvigo AB are the owners of the Parkinson’s Digital Assessment (PANDA)
application. The application has been developed through research at Dalarna
University and Uppsala University Hospital.  This project will initiate the launch of
PANDA and also create a model for implementation of innovative IT-solutions into
the healthcare systems. 

The model is founded in a theoretical framework and shaped with interviews related
to the implementation of technology with a focus on telehealth applications.
Interviews has been performed with healthcare professionals, technology developers
and users to acquire a complete picture and opinions regarding the introduction of
innovation in healthcare today. From the acquired information, a model is formulated
as a stepwise and chronological linear process were identified key activities are
included to promote a successful implementation process. The model is connected to
the practice through the implementation of PANDA. In the process of implementing
PANDA into the Swedish healthcare system, a collaboration with the innovation
centre at Uppsala University Hospital as a healthcare organization stakeholder, has
been initiated.
 
The model consists of five phases; Assessment, Dissemination, Adoption,
Implementation and Continuation. The phases are seen as transitional steps in the
innovation process, critical barriers to overcome towards a successfully
implementation in a mainstream routine setting. Each phase includes a number of
activities and to achieve progression in each phase, these activities must be performed
in order to advance to the next phase. In the case of PANDA, the process of
progression has passed assessment and are currently involved in activities related to
the dissemination phase.

The purpose of the model is to be used both for existing and future applications in
the segment of medicine technology sector. The structure of the model is designed to
promote a co-design or a common value principle of development and practice
regarding an innovation. By connecting actors from both technology and healthcare in
close relationships the actual needs of healthcare professionals could more effectively
be identified and developed into a solution, a result from the amplification of a
two-way engagement. The outmost aim is to serve as a catalysing factor,
complementing the implementation models of healthcare in Sweden today. 

Through this study, a need for facilitating the implementation process of new
technology into the healthcare systems has been identified. This model offers the
necessary input that many technology companies lack. The recommendation to
Cenvigo AB is to continue to develop the model during the last step in the process of
launching PANDA, and parallel use this model as a business model mainly for
technology start-ups and larger foreign companies that has not yet established
pathways into the Swedish healthcare system.
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Sammanfattning 

Idag efterfrågas allt fler produkter som gör det möjligt för patienter att vårdas på distans, till exempel 

i deras hemmiljö. Tillsammans med en snabbt växande marknad av smartphones och digitala 

applikationer, ställer detta högre krav på sjukvården och införandet av ny teknik. 

Det här projektet har utförts på uppdrag av Cenvigo AB, ett företag som har utvecklat en 

mobilapplikation som ska användas för att samla information om Parkinsonpatienters 

sjukdomstillstånd. Idag måste patienter med kroniska sjukdomar, så som Parkinsons sjukdom, 

regelbundet besöka sjukhuset för att få justerad behandling. En större tillgång på produkter, som till 

exempel mobila applikationer, gör det möjligt för patienten att få vård på distans. Detta skulle innebära 

en minskad arbetsbörda för sjukvården, minskade kostnader för samhället och en förbättring av 

patientens vardag.  

Projektet syftar till att påbörja lanseringen av Parkinsonapplikationen PANDA (Parkinson’s Digital 

Assessment) och att utforma en modell för hur ny teknik kan föras in i sjukvården. Att föra in ny teknik 

inom sjukvården tar lång tid och är svårt för teknikföretag som inte har den erfarenhet och kontakter 

som krävs. Därför skapades en modell för att föra in ny teknik inom sjukvården. Arbetet bygger på 

litteraturstudier och intervjuer av sjukvårdspersonal, teknikutvecklare och patienter samt 

observationer från lanseringen av PANDA.  

Modellen består av fem faser: Analys, Spridning, Adoption, Implementering och Rutinanvändning. 

Faserna kan ses som naturliga steg som en produkt eller applikation går igenom för att kunna användas 

i den dagliga verksamheten på sjukhusen. I varje fas har olika aktiviteter identifierats som måste 

genomföras för att komma vidare till nästa fas. 

Modellen är skapad utifrån den svenska sjukvården och fokuserar på införsel av teknik avsedd att 

användas för vård av patienter på distans. Modellen kan i framtiden användas för att öka 

användningen av ny teknik i vården och parallellt användas av Cenvigo AB för att hjälpa nystartade och 

utländska teknikföretag att lyckas med implementering av sin teknik.  
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Dictionary 

 
Item 

 
                                  Explanation 

 EHR Electronic Health Records 

 Mini-HTA Reduced version of a HTA (Health Technology Assessment) 

 Healthcare Diagnosis, treatment, and prevention of disease, illness and injury. 

Healthcare is provided by healthcare professionals 

Healthcare professional Individual that provides preventive, curative, promotional or 

rehabilitative health care services in a systematic way. 

Selfcare Activity of an individual with the intention of improving or 

restoring health, or treating or preventing disease 

 HTA Health Technology Assessment 

 ICT Information and Communication Technologies 

 PANDA Parkinson’s Digital Assessment 

 PD Parkinson’s Disease 

 Parkinson’s Disease Neurodegenerative disease that affects the motor system 

 REM Rapid Eye Movement 

 SEAM Stakeholder Empowered Adoption Model 

 Telehealth The provision of care at a distance 

 USP Unique Selling Proposition  

 WHO World Health Organization 
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1. Introduction 

Today, new technologies are introduced to the market every day, and constantly changing our way of 

living. Especially in the healthcare sector, the change process is approaching a point where doctors can 

benefit from the use of, for example, connected portable reading devices instead of paper-based 

medical record systems. The information and communication technology is promoting the evolution 

of a new pathway of care delivery, a paradigm shift that alters the fundamental relationship between 

a doctor and its patient. The concept is defined as telehealth and formulates the provision of care at a 

distance and provides the possibility to treat patients in their home environment instead of at the 

hospital.  

The provision of care at a distance is described as a key component in future integrated care by World 

Health Organization (WHO) (Stroetmann et al., 2010). Telehealth provides the possibility to treat 

patients in their home environment instead of at the hospital, this is beneficial both for the quality of 

life of the patient and in a health economic perspective. A doctor’s appointment is an expensive cost 

and with the help of telehealth applications, the amount of appointments could be reduced or 

rearranged to adhere the patients’ actual need, increasing efficiency and thus increasing the quality of 

care. 

On a demographic level, the proportion of the ageing population is increasing. This, in turn, affect the 

amount of people suffering from chronic diseases, such as dementia, Alzheimer’s and Parkinson’s 

disease. To be able to deliver continuous qualitative care, the use of innovative technology in 

healthcare is decisive to promote new pathways in connecting the doctor and patient. We also have 

higher expectations, a higher demand of quality, on the healthcare services that we receive. Patients 

are media-informed and more educated about their specific situation, they act as costumers, 

demanding rapid and high-qualitative service. All these factors are increasing the pressure to change 

the way healthcare is delivered. Telehealth can enable patient data to be shared in a safe way, 

knowledge to be conducted from data, and the results to be used for evolving future standard of care 

(Stroetmann et al., 2010). 

The use of telehealth also increases the ability to individualize treatments, more details and changes 

are continuously registered and gives the healthcare professional a wider base of information about a 

specific patient. Telehealth is especially beneficial in large areas with a small population, where the 

distance to the hospital can be very long, or smaller areas with a large population, where the reach of 

care on a single hospital is not enough due to staffing (Stroetmann et al., 2010). 

The global telehealth market is today valued to 1.4 billion USD and is expected to reach a value of 1.5 

trillion USD by 2019 (Research Moz, 2013). Simultaneously, the use of smartphones increases, and the 

amount in use is expected to reach 7 billion by 2019. With this prevalence the possibilities for 

applications related to telehealth will become much more economically viable. The market for 

software and devices related to telehealth is valued to 843 million USD today and is expected by 2019 

to reach a value of 2.9 billion USD (Research Moz, 2013). This indicates good potential and 

development possibilities in the future telehealth market. 

At Karolinska University Hospital, Sweden, a pilot project has been performed to test a new way to try 

out medicine for Parkinson’s disease treatment. Usually the patients stay at the hospital for one or two 

weeks to try out if the treatment with Duodopa, a widely used treatment for Parkinson’s disease, suits 

them and to adjust the doses. The patient must be watched several times a day. In the pilot test, the 

patients acquires a web camera installed in their home, they can then be checked up by their 

neurologist without having to stay at the hospital. Thomas Willows is a physician at Karolinska and is 
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the clinician responsible of the pilot test. His opinion is that the setting of the Duodopa is much more 

rapid when the patients is in their home environment, probably because they are less stressed which 

affect the disease in a positive way. In this way the setting takes about two to four days instead of one 

or two weeks, he says (Odelfors, 2012).  

Though the technology of telehealth applications exists and is a viable tool of care delivery, there are 

still barriers to overcome towards a routine usage. A widely discussed and identified source of 

problematization is the design of the current payment model, that is, in what way that the healthcare 

organization acquires reimbursement related to their services.  

Today, the Swedish healthcare system requires patients to come to the hospital for examination and 

treatment. In the current payment model, the hospital then receives financial reimbursement per 

patient visit and not for the results. This concept of reimbursement is not creating an initiative to 

develop and use telehealth applications in a routine setting, while the current financial structure is not 

adapted to deliver care at a distance. The model has, as mentioned, long been criticized and new 

models of payment has been discussed. An example could be that the healthcare organization acquires 

a fixed sum per patient, regardless of number of visits, which moves focus to the quality of care. Flaws 

with today’s system are that the healthcare make more money if a patient gets complications and that 

the system requires patients to come to the hospital (Quiding, 2013). A system where the healthcare 

obtain a fixed sum for every patient, a result of a healthy patient, will create the initiative to change 

care delivery and proactive care concepts, encouraging the use of telehealth applications. 

1.1. Introduction of project 

This master’s thesis is a collaboration with Animech AB and Uppsala University. In the autumn of 2013, 

a new project was initiated, which included evaluation and launch of a Parkinson application, PANDA. 

The project in turn initiated a master’s thesis within the Uppsala School of Entrepreneurship during 

the spring of 2014.  

Animech AB is a privately owned company founded in 2001. Animech is a communication agency, 

active in film, print and web design with their base in Stockholm, with offices in Uppsala and Chicago. 

A few years ago, Animech was involved in a cooperation with the University of Dalarna, Uppsala 

University, the knowledge foundation (KK-stiftelsen) and a larger international medical technology 

company in the development of an application aimed to collect objective information from patients 

with Parkinson’s disease.  

The application was developed for several years and in 2013 it was ready to become commercialised 

and launched. Animech ended up as the owner of the PANDA application but because telehealth was 

not in line with their article of association the application was not launched at once. One of the owners 

of Animech, Per Matsson, planned to start up a new company in the future, a company with focus on 

telehealth that could launch PANDA and continue in the branch of health and eldercare. 

The project was introduced to the School of Entrepreneurship as a project at Animech but during the 

early stage of this master’s thesis the new spin-off company was founded, called Cenvigo AB, with a 

focus on telehealth and implementation of new digital technology into the healthcare system. The 

master’s thesis continued at Cenvigo with the aim to launch the PANDA application, which also was 

transferred to become a property of Cenvigo.  

Early in the project to launch PANDA it become clear that the implementation process into the 

healthcare system in Sweden is not an easy process. Many companies has failed in their 

implementation, what will be the difference for Cenvigo?  
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Here, it was decided to create a model for implementation of new digital techniques into the Swedish 

healthcare system. To analyse the process, theories and interviews with stakeholders was conducted, 

to find a possible way of implementation for Cenvigos PANDA application. 

The work with this report contributes to the launch process of the PANDA application and the 

identification of inhibiting and promoting factors in an implementation procedure in the Swedish 

healthcare system. The resulting model also has the aim to provide knowledge and insight to future 

Cenvigo projects, introducing new applications in a healthcare setting.   
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2. Aim and purpose of the project 
The purpose of this project is to initiate a plan for launch of Cenvigo AB’s Parkinson’s Digital 

Assessment (PANDA) application, and through this practical example, empirical observations and 

theoretical literature, formulate a model for implementation of innovative IT-solutions for telehealth 

into the healthcare systems.  

This purpose will be acquired through, as mentioned, both a theoretic approach and with a practical 

perspective. The model will be created with a foundation in the theoretical literature and established 

in practice through information gathered in interviews and first-hand observations and experiences 

from the PANDA launch project. The outmost aim of this project is to serve as a catalysing factor by 

providing knowledge and insights, complementing the implementation procedures of healthcare in 

Sweden today. 

To create the model, studies of how innovations are introduced into the Swedish healthcare system 

are included, together with problems, adversities and possibilities that has been identified in this 

process. Based on the literature view and the company’s situation, one main question of this study has 

been to identify a possible implementation process for new telehealth technology into the healthcare 

system. Another main question has been how the healthcare approaches the use of new technology. 

Focus has also been on innovation platforms and their role in the implementation process, as well as 

telehealth and its contribution to the future of healthcare.  

The purpose is summarized in two points below: 

 Initiate a launch of the PANDA application 

 Create a model for implementation of innovative IT-solutions into the healthcare systems 

 

2.1. Scope and limitations 

We have chosen to set up the product launch plan for PANDA to work mainly within the Swedish 

healthcare system, and also to formulate the model with this limitation as a scope. In the formulations 

of the model we will have a focus on the implementation of innovative applications used for telehealth.  

Also, during the formulation of the model, a focus will be applied to technology within the telehealth 

area of applications. This to acquire a process suitable to the nature of PANDA and insights to the 

forthcoming business of Cenvigo AB. As to areas connected to the Swedish health system we will, in a 

first stage, involve the activities of hospitals as organizations and the function of county council.  

2.2. Disposition 

The outline of this report consists of an introduction part followed by analysing the telehealth situation 

today, to understand the main problems this report is founded on. In the methodological approach, 

the methods by which the theoretical and empirical data has been collected is described, followed by 

a theory section. The theory consist both of information about Parkinson’s disease, to provide future 

understanding of the PANDA application, the PANDA application and the promoting innovation in 

healthcare and the underlying theories as well as different innovation implementation processes. 

In the empirical part, a model for implementation is conducted. The model is founded in the theoretical 

framework and shaped whit interviews from stakeholders in the implementation process of 
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technology, with a focus on telehealth applications. The model is followed by conclusions and a 

discussion about the innovation in the healthcare market, current and future approach. 
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3. Analyzing the situation 
In the creation of an implementation model, greater problems like an ageing population, the increase 

of chronic conditions and an increasing number of patients per healthcare professional, will affect the 

initiative implementation of new innovation and has been taken into consideration. These aspects of 

demographic change contra the actual function of the healthcare system itself, its inert change process 

and payment models, contributes in formulating a problematization revolving the activity of producing 

a model of implementation. In this chapter the problematization revolves around the situation and 

position of healthcare systems today in the light of the surrounding society with focus on the digital 

technology evolution.    

Mentioned factors put weight on an already pressured healthcare economy situation in society. The 

population in the developed world is going through a demographic change, especially within the 

European Union. The projections could speak for themselves, citizens in the age of 65+ are estimated 

to increase from 17 percent of the total population back in 2007 to 21 percent in 2020 and even 28 

percent in year 2040 (Stroetmann et al., 2010). 

An older population also creates a shift in the provision of healthcare services. Now and in the future, 

conditions connected to ageing, such as chronic diseases like dementia, Parkinson´s disease and forms 

of cancer will increase. This is already common in high-income countries located in Europe. The burden 

on healthcare professionals is gradually increasing with the learning process of how to manage long-

term conditions. Apart from the ageing group of the population, the change of lifestyle connected to 

growth in economy affects a younger group of people. While the elderly are more exposed to 

neurological diseases, conditions like diabetes and cardiovascular disease are becoming a common 

preference with the younger population often connected to obesity and sedentary behaviour 

(Stroetmann et al., 2010). 

Simultaneously, there is a constant work force shortage within the healthcare sector. Too many 

patients relative the number of healthcare professionals creates a downward spiral, where there is 

reduced time for treatment per patient, which leads to decreased quality of care and treatment 

optimization. The patient is not properly treated and has to return to the healthcare professional. The 

visit requires more time of the physician and more time of the patient, who instead could be 

contributing to society funds by working. 

Healthcare as we know it is in for a change, because it has to change. All of the aspects above tells the 

story of a healthcare system that does not apply to a dynamic and fast changing modern society, it has 

to adapt. The question is how? Barriers on the road to change are high and integrated on numerous 

levels in society. There is a need to innovate within healthcare and implement new systems of care 

delivery. But the fundamental institution of care is stale and the process of change is slow.  

3.1. The digital revolution 

Technology is a driver of societal change and has long been an underlying foundation upon innovating 

new systems of, in most cases, improvement. In our modern society a specific technology driver is the 

evolution of the information and communication technologies (ICT) industry (Stroetmann et al., 2010, 

Rosén, 2011). The rapid growth of ICT-based applications has enabled a new dimension to several 

entities in society, among them the healthcare and public health sector. 

In healthcare, ICT-based applications can offer a wide arsenal of ways to improve the delivery system 

of care, adapting it to society. Through ICT, patient data files could be shared within an integrated, 
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secure system creating a better pathway of care. Every healthcare professional treating the patient 

would have a clear and updated overview of the patient’s status in the pathway, thus creating a fluently 

and transparent system of integrated care. As mentioned, it is crucial to create standardized clinical 

pathways, such as structural guidelines, to improve care and coordinating delivery processes 

(Stroetmann et al., 2010) for the patient but also in the aspect of healthcare cost reductions. 

For the patient, ICT empowers the ability to understand your own condition, in the role of a patient, 

through informational access and integrating it with a closer communication to a healthcare 

professional. The patient becomes involved in the care process, learning about treatment and 

activating the patient from a previous passive mode of only requiring medication for short-term 

solutions. Through ICT the patient could evaluate its health status in a home environment and, over a 

long-term period, collecting data and creating a database profile on its status to further help the 

healthcare professional assess the acquired treatment process. A long-term assessment in a home 

environment is especially crucial for chronic neurological conditions and could improve both the work 

of the healthcare professional and the quality of life for the patient. 

3.2. Telehealth 

Above mentioned factors of healthcare improvements are just a few examples of future applications 

that will, or already has, been developed by new digital technology. The healthcare community has 

established telehealth as a concept combining all technology applications linked to communication 

between patient and healthcare professional or internally between healthcare professionals. Today 

telehealth applications, such as treatment programmes involved in long-term disease management 

(Stroetmann et al., 2010) are not yet established in clinical contexts.  A first generation of telehealth 

applications are instead focused on the risk management of condition, such as push-button alarms in 

imminent care in case of falling. Other applications include sensors detecting all around threats to 

personal health, which is a second generation of telehealth, but the extent of implementation of new 

innovative telehealth applications in a routine setting within healthcare is still struggling. 

One the basis of the argumentation above, the technological development in society appears as a 

possible factor of improvement regarding healthcare as a whole and the future of care delivery 

systems. The technology is an endless variable but the wide flows of innovations seem come to a halt 

at the hospital gates. Here, one could start asking why the process of technological change within 

healthcare, especially on ICT aspects, is so inert. What represent the foundation of a successful 

innovation strategy in a healthcare setting that could promote technological change? How is the 

implementation process of new innovative technology in healthcare constructed? Is it possible to 

identify factors that are facilitating innovation and respectively, impeding innovation implementation? 

And last, could one use the material resulting from the definitions above to construct an applicable 

implementation model to promote healthcare innovation? 
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4. Methodological approach 
The project consist of two main areas, initiate the launch of PANDA and to create a model for 

implementation of digital innovation into the healthcare system. The part involving launch of PANDA 

is highly empirical through observation and experience, meanwhile the part that involve to create a 

model has a more theoretical nature with elements of qualitative empirical data collection.  

When discussing and planning the setup for the methodological approach, a combination of empirical 

and theoretical input was desired to create a model anchored in actual practice and suited to match 

the current innovation implementation situation in the Swedish healthcare system. To acquire 

empirical data, there were two main methods of choice, observations or interviews, to best be able to 

assimilate relevant information. Observations involves the activity defined as observing the 

implementation process itself at hospitals and technology companies. This would give access to first-

hand observation data but also take much more time and be a too complex process to get a grip of in 

whole. Together with the fact that experts, which were considered trustworthy, were available in the 

field of innovation implementation, it was decided to proceed with interviews to collect empirical data 

instead of a fully observational approach.  

Apart from a qualitative study, the methodological approach conducted in this report is centred in 

literature of present theories related to implementation of technology, especially in the healthcare 

sector. To establish an empirical foundation related to the theory, a number of interviews with relevant 

actors were conducted. The empirical study was in turn centred in the structure of the Swedish 

healthcare system today; to identify stakeholders, approaches and opinions regarding the 

implementation process.  

Above mentioned methodical approach could be derived from a form of deductive framework. A 

deductive approach is defined by Bryman (2011) as to the empirical verification of a formulated theory, 

reduced to operational hypotheses. According to Bryman, a theory is constructed and practical 

observation should respond to the theoretical hypotheses. If not, the theory needs to be reformulated 

(Bryman, 2011).      

In opposition to the deductive approach, the inductive approach inverses the process. Where the 

deductive study follows an established theory and formulated, practically testable, hypotheses, the 

inductive study start with observation and empirical data gathering. Through the result, a theory could 

be formulated and applied (Bryman, 2011).      

This report will provide a model that is formulated based on a theoretical framework, but also on 

important inputs derived from qualitative studies and practical observation and experience to support 

the construction. By definition, the theoretical model of implementation then becomes the result of 

both a deductive and inductive approach. Both categories of study approach are in turn framed by a 

specific scientific theory, defined as positivism (Bryman, 2011). Positivism is a point of view that 

promotes the usage of methods of natural science to develop an understanding of all aspects of the 

social reality.  

Observing the organizational structure of healthcare through the practical case of PANDA, also shaped 

the output of the result. The parallel engagement of introducing PANDA to the process of 

organizational implementation gave the model a sense of hands-on reality foundation. From a 

methodological perspective, the activity of studying an organization while actually engage in the 

process of an organization could be referred to as a concept in anthropology studies.  
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The concept mentioned above is defined as an emic approach and is founded in the studies of 

linguistics (Peterson & Pike, 2002). Apart from the emic concept, the etic concept is its counterweight. 

The two concepts address the issue of applying a broad theory, derived from a number of 

organizational studies, or languages in the case of linguistics, to explain observations in the complex 

structure of a single organization, defined by its own culture and ideas.  

The etic concept treats the mentioned approach of using existing theories to investigate certain 

elements in, for example, linguistic differences or, as in this case, an organization. Meanwhile, the emic 

concept treat the perspective in which new knowledge could be acquired through experience while 

the existing theories are not shaping the approach. In the general case, both concepts are actually 

complementing each other and not functioning as opposing forces. An emic approach could acquire 

new knowledge that in turn could be theorized and applied to the existing theories (Peterson & Pike, 

2002).    

This methodological perspective could further be compared by the previously mentioned concepts of 

induction and deduction in natural sciences. Where, in a similar approach, an existing theory is used 

to deductively investigate a phenomena and inversely, inductively investigate the same phenomena 

but from observations constructing the theory.      

While having the emic and etic concepts in mind, an important question regarding the methodological 

approach in acquiring data shaping the model could be identified. While parts of the defined model of 

implementation is derived from the experiences of participation in the processes of a single 

organization, could the perceived outcome be different between two organizations? The concept of 

emic approach would argue that experiencing a different organization will expose the participants to 

new knowledge. This knowledge could then further be incorporated to the theory of the model and, 

in a sense, progressing it towards a more generalized model.  

In the case of PANDA and formulating a model of implementation, this report treats the national 

perspective and, through an anthropology perspective, the structure of a single organization. Further 

research would be to investigate the healthcare organization related to implementation in different 

cultures, either through an etic or emic approach.    

The project can also be evaluated in terms of reliability (Alvehus, 2013). Reliability means that the 

results are repeatable, that another group with the same question at issue would end up with about 

the same results as in this study. In large part, the result in this study is based on a literature study and 

interviews with stakeholders in the implementation process, given the same course of action it seems 

reliable that another group would come to about the same conclusions.  

The final aspect of the methodical discussion is treating, validity, that is in case that the methodical 

approach itself was correct as a process of investigating the innovation implementation environment 

in Sweden and constructing an applicable model based on the gathered theoretical and qualitative 

information. Has the method chosen been facilitating a valid model with the intention of practical use? 

One would argue that the theoretical framework incorporates the primary components in formulating 

a process of implementation, characterized by the natural transitional phases and the activities 

promoting a positive progress. In turn, the theoretical aspects was actualized through subjective 

observation and qualitative information collocation. 
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4.1. The literature 

The literature formed the theoretical framework used in the report and established the foundation 

upon which the implementation model was formulated. The methodological approach, when 

structuring the literature search, was centred on relevant themes correlating to the purpose of the 

project. The problematization process identified a number of questions that in turn functioned as 

guidelines in the literature exploration.  

The exploration of literature in search of concepts marked the first sign of theory, mainly through the 

web. In structuring the methodology of literature search, certain limitations were a necessity due to 

time allocation but also due to the aim of construction of a theoretical framework relevant for the 

nature of the report. The highest efficiency was identified in searching the online databases with the 

purpose to find articles complementing the theory construction process, allowing access to a wide 

range of literature and effective sorting of the like. The web were also a first choice of informational 

exploration depending on the up-to-date telehealth technology nature of the project. Printed books 

can be seen as a complement, thus in this study the online sources was found more relevant.  

Articles that focused on technology in the case of telehealth were sorted according to their publication 

date, with the year 2007 as the oldest source. Even though older articles in the field exists, those were 

determined as non-relevant in accordance to this project. When it comes to the theory of 

implementation, for example the change process of healthcare and social aspects of care itself, it can 

be traced back to 1954. The long-term time spectrum of implementation theory observed in the 

literature promotes a wide perspective on how the technology implementation model in healthcare 

evolves in ever changing modifications following influencing factors as technology progression and 

healthcare development.   

When it comes to the overlay of general approach of innovation theory, being the foundation of the 

theoretical framework, the access to information is plentiful. Here, an issue of definition was identified 

regarding of which approach to use or which innovation literature to use. The aim was to create a 

complete picture of the theory at hand, although without expanding the scope beyond focus. To limit 

the literature search the choice to involve implementation of innovation into organizations, with the 

specific case of healthcare organizations was made, applying this approach on to telehealth 

applications. In the process of discovering relevant literature, a chain reaction effect was pursued, 

following traces of literature to acquire new aspects connecting to the already gathered literature. A 

recommendation when creating an implementation model is to involve aspects closer connected to 

the sociology sciences, integrating these into the technology perspective. We acquired a limited but 

supporting chapter through the Normalization Process Theory, identifying the social context as a 

primary factor in implementation processes and the aim of routine embedding.  

As mentioned, the literature exploration centred on technology in the perspective of innovation within 

telehealth applications and the relation between its evolvement and the healthcare technology change 

process. Key phrases used when conducting a literature search in this case were “telemedicine”, 

“healthcare innovation” and “healthcare implementation”. A larger perspective was also gained 

through literature related to innovation and the process of innovation itself were key phrases 

contained “innovation processes” and “innovation strategy”.   

4.2. The interview set-up 

The empirical data in this study was conducted by semi structured interviews. One goal while 

conducting the interviews was to find a general view on the innovation climate related to healthcare 
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organizations in Sweden today and to what extent innovation reaches its embedment in routine 

practice. Another goal was to identify specific activities in the different phases of the implementation 

model created in this study.  

The interviews were used in parallel through the whole process of creating a model for implementation 

of IT- solutions related to telehealth. Interviews was continuously conducted to gather information 

that was needed to proceed, and empirically investigate theoretical arguments, in the creation of the 

model. The interviews provided information, discussions and feedback as well as subsequent steps and 

improvements to the project. 

To receive an accurate picture of the innovation implementation process, three perspective groups 

containing actors and practitioners in the different fields, were identified. First off, the healthcare 

professionals, the users who are directly affected by a new technology in their practice. Here, focus lie 

with champions of technology usage, which are the promoting actors of innovation and change. 

Secondly, the technology developer was interviewed in the form companies and innovators. Where 

their role of striving to implement their technology through the complex pathways of healthcare 

technology validation was of great interest. Thirdly, a view from the user as to the patient and patient 

interest groups was acquired from interviews of participants in this field.  

When performing the interviews a semi structured model in the formulation of the questions has been 

used (Alvehus, 2013) to promote a discussion instead of a biased approach. Bryman (2011) state that 

it is recommended to use semi-structured interviews when the interviewer has a set of issues, but 

when the rank order is not that important. This also gives the interviewers more opportunity to ask for 

further supplementary questions, which was considered valuable in this study when gathering 

information and opinions in areas not too familiar. Information discussed in the beginning of the 

interviews could be used for further questions later on.  

During the interviews the information has either been recorded with a dictaphone or notes has been 

taken depending on the preferences from the respondent. When the interviews were recorded it gave 

the opportunity to listen more actively during the interview, but since the project group consist of 

three members it has been possible to alternate the listening and the writing which means that both 

methods have worked properly.   

When constructing the interviews, an interview guide was used (Bryman, 2011). The interview guide 

acted as a support function during the interview and to ensure that the most important subjects were 

covered.  

A common setup for the interviews was made and modified depending on the nature of respondent: 

 The respondents background and role  

 The respondents general view on technology usage in healthcare 

 The respondents previous experience with implementation processes in healthcare 

 Contact information related to additional possible respondents 

4.3. The respondents 

In pursuing observation in practice to complement the theoretical framework, verifying the structure 

of the model and developing it with close connection to actuality, measurements limited to qualitative 

interviews were used.  
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The first respondents were chosen from the group of stakeholders involved in the PANDA development 

process. This group included both healthcare professionals and technology developers. This group 

gave a qualitative insight in the earlier phase of development. Additional contacts were derived from 

the respondents, focusing on respondents not biased by the involvement of the PANDA development.  

Among healthcare professionals only physicians in the field of neurology were interviewed depending 

on the nature of the project. To acquire differentiated data from the same perspective, practitioners 

in Uppsala, Stockholm and Gothenburg were interviewed.   

The patients and members of the patient interest group consisted of one patient with Parkinson´s 

disease who also represented a local patient interest organization and one non-Parkinson´s patient 

but vice president of the European Parkinson´s interest organization. The respondents’ positions were 

determined to deliver a collective view from the patients’ perspective. As a qualitative methodological 

approach, a small amount of respondents are, in many cases, not able to produce data representative 

of a general view. Although, in this report, a limitation have been defined to shift focus to healthcare 

organization respondents and technology developer respondents and not users in the form of patients. 

The perspective of the technology developer and innovator was acquired through interviews with 

company representatives in the medicine technology market, especially active in telehealth 

applications. The respondents had often the role of market responsibility and development of 

stakeholder relations, often with a long experience in the area. 

Through the acquired literature, focusing on the technological developer perspective and the 

healthcare organization adaptation, the qualitative information also strived towards these aspects. 

This lead to a reduction in the perspective of the patient as a consequence. Although, it was concluded 

that this reduction would not implicate the model formulation and promote time allocation towards 

interviews with an increased number of actors involved in the implementation process itself.  

A subject of discussion could revolve around whether our respondents has provided us with an 

accurate picture of the process. Questions like, “has the right questions been asked?” and “has the 

right respondent been interviewed?” are important to consider in terms of validity. There is a 

possibility that some of our respondents has been biased in our case because of personal involvement 

in the product development. Presumably, if we would have started without preconditions the process 

of launching PANDA would have taken longer time and the identification of stakeholders would have 

been harder. On the other hand, more interviews with respondents that opposed against new 

technology or had a background in other healthcare professionals aside from telehealth and Parkinson, 

would probably been conducted, which could have contributed to an increase in validity depending on 

a general view on the subject. 

Another subject of discussion is whether the interviewers were influenced by preconceptions 

grounded in existing theory and opinions from other respondents during the interviews. This could in 

turn unconsciously influence the answers of the current respondent.  

Further, a dialog with the innovation centre established as a department at Uppsala University Hospital 

was initiated. The dialog was a result of the aim to commercialize the PANDA application and a 

continuous process along the entire project. Through this process the theory could be verified by actual 

daily practice and valuable input in the creation of an implementation model could be acquired.  

Generally the interviews in this study lasted between 30 and 120 minutes depending on the nature of 

the respondent. An early observation regarding the healthcare professional sessions, was that the 
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respondents were always willing to answer question but the nature of their work limited the time span 

availability.  

All respondents in the interviews are listed below with current occupation and dates for when each 

interview took place. When more than one interview was conducted with the same respondent, all 

dates are listed. 
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Table 1. The respondents with current occupation and dates for when each interview took place in 
alphabetical order. 

Respondent Current occupation Company Date  

Attefall, Anna Project Manager at Innovation 
Akademiska 

Uppsala University Hospital 5th February, 
19th Mars, 
7th April 

Berggren, Mats Market Access Manager 
Sweden 

Merck 19th February 

de Roos, Paul Clinical Assistant at 
Department of Neuroscience; 
Neurology 

Uppsala University Hospital 3th April 

Einarsson, Göran President Parkinson Disease 
Association, Uppsala 

6th February 

Larsson, Sune Founder Innovation 
Akademiska (IA), Professor at 
Department of Surgical 
Sciences; Orthopaedics 

Uppsala University Hospital 19th February 

Lindvall, Susanna Vice President EPDA 27th January 

Marshall, Alison Professor, Director of 

Cumbrian Centre for Health 
Technologies  

University of Cumbria 20th February 

Meyner, Kristoffer Business Unit Manager AbbVie, Pharmaceuticals 12th Mars 

Nyholm, Dag Docent at Department of 
Neuroscience; Neurology 

Uppsala University Hospital 23th January,  
20th February,  
26th Mars,  
7th April 

Remaeus, Annika Innovation Akademiska Uppsala University Hospital 5th February 

Rosén, Johan Strategic Advisor Enterprise Uppsala municipality 5th February 

Rudling, Karin Chief Physician at Department 
of Neuroscience; Neurology 

Uppsala University Hospital 24th February 

Svenningsson, Per Professor in Neurology at 
Department of Clinical 
Neuroscience 

Karolinska University 
Hospital 

27th Mars 

Svensson, Linda Clinical Innovation Fellow, PhD 
applicant 

Clinical Innovation 
Fellowship Program 

16th May 

Westin, Jerker Senior Lecturer, Computer 
Engineering 

Dalarna University 20th February 
10th April 

Willows, Tomas Assistant Chief Physician at 
Department of Neuroscience; 
Neurology 

Karolinska University 
Hospital 

27th Mars 

Åsberg, Stefan Healthcare Market Consultant Global Kinetic Corporation 28th January 
12th February 
17th February 
19th February 
20th February 
5th Mars 
26th Mars 

 

  



15 
 

5. PANDA - Parkinson’s Digital Assessment 
PANDA (Parkinson´s Digital Assessment) is a monitoring tool with the aim to provide the healthcare 

professionals with objective information about the changes in the Parkinson’s patients´ motor 

symptoms over time. To provide a deeper understanding in what ways the application will generate 

value for both patients and healthcare professionals, we will first introduce some facts about 

Parkinson’s disease and its symptoms. We have chosen to focus on motor symptoms, evaluation and 

diagnostic methods and treatment with levodopa because these factors are of greatest interest when 

discussing PANDA. More complete facts about Parkinson’s disease, involving non-motor symptoms is 

to be found in Appendix 4.     

5.1. Parkinson’s disease 

Parkinson’s disease (PD) was first described by James Parkinson in 1817 (Jankovic et al., 2007). Today, 

PD is the second most common neurodegenerative diseases, after Alzheimer´s disease. About one out 

of one hundred persons over 65 years is affected by PD (Marttila & Rinne, 1976). Yet, the presentation 

and progression of the symptoms are rarely the same in any two patients, hardly not even the same in 

any one patient from day to day. PD is a chronic and progressive disorder characterised by several 

motor and non-motor symptoms. The motor symptoms are due to the loss of dopaminergic neurons 

in the substantia nigra pars compacta, which is a part of the basal ganglia. The dopaminergic neurons 

of substantia nigra projects to and innervates neurons of the putamen and caudate. The cause of this 

progressive loss of dopaminergic neurons is still not known. Although most cases of PD are sporadic 

genetic research has been contributing with some clues to the pathogenesis and ethology. Less than 

10 percent of all PD cases are due to single gene mutations, there may also be specific forms of genes 

that induce the risk of acquiring the disease (Purves et al., 2008). 

 

5.1.1. Motor symptoms 
Parkinson’s disease is characterised by motor symptoms, the most usual symptoms that are visible 

among Parkinson’s patients are tremor at rest, rigidity of the extremities and neck, slowness of 

movement (bradykinesia), and minimal facial expressions. Parkinson’s patients also tend to have a lack 

of associated movements, such as arm-swinging when walking, any movement is hard to initiate and 

also to terminate (Purves et al., 2008). 

Tremor 
Tremor at rest is the most common symptom of PD. Tremor is also easy to recognise, it occurs most 

often in the distal parts of an extremity only on one side of the body, with a supination-pronation 

movement pattern at a frequency between 4 and 6 Hz. Tremor at rest can also involve chin, jaw, lips 

and legs but it disappears during sleep and with action (Jankovic et al., 2007). In a study by Hughes and 

co-workers (1993), they report that 75 percent of PD patients had experienced rest tremor some time 

during the course of their disease, and that 69 percent of the patients had tremor from the disease 

onset. Clinical-pathological studies have shown a difference between patients suffering from 

prominent tremor and patients without tremor. Patients with tremor have a degeneration of a 

subgroup of midbrain neurons, whereas these neurons are spared in patients without tremor (Jankovic 

et al., 2007) 

Bradykinesia 
Bradykinesia describes a slowness of movements and it makes it difficult with planning, initiation and 

executing movement. Initially, the disease bradykinesia may manifest itself through slow movement 
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and reaction time. Bradykinesia may also cause loss of spontaneous movements and gesturing, such 

as loss of facial expressions, decreased blinking and impaired swallowing. Assessment of bradykinesia 

often includes motion test (hand grips, tapping tests, and hand pronation-supination). Like other PD 

symptoms, bradykinesia can be affected by the emotional state of the patient. For example, immobile 

patients may be able to run if someone screams “fire”. This suggests that the motor programmes of 

the PD patients are intact, but that they need an external trigger to accessing those (Jankovic et al., 

2007). 

Rigidity 
Rigidity is resistance and stiffness to limb movement. It’s caused by increased muscle tone and may 

occur distally in ankles and wrists and proximally in the neck, shoulders and hip. Rigidity may be 

associated with pain, such pain usually being an initial manifestation of the disease. In the early stage 

of the disease, rigidity is often asymmetrical and usually affects the shoulders and neck prior to the 

muscles of the extremities and face. Abnormal axial posture may occur due to rigidity of the trunk and 

neck (Jankovic et al., 2007). 

 

5.1.2. Diagnostic methods of today 
Today there is no ante-mortem diagnostic test for PD, in clinical practice the physician evaluates the 

patient based on the presence or lack of PD associated symptoms, and the patients’ response to 

levodopa (Jancovic et al., 2007). This means that some patients diagnosed with PD in fact suffer from 

neurodegenerative disorders or essential tremor. In some patients with the classical presentation of 

symptoms, the diagnosis is straightforward but it can still be difficult to differ from other forms of 

Parkinsonism where the symptoms in many cases overlaps (Tanner and Goldman, 1996). 

The UK Parkinson’s Disease Society Brain Bank and The National Institute of Neurological Disorders 

and Stroke (NINDS) have developed diagnosis criteria for PD, which both include groups and steps to 

sort out if the symptoms suggest PD or some other neurological disease. However, the reliability of 

these models have not been clearly established (Reichman, 2010). 

 

5.1.3. Evaluation methods 
Today, there is no well-functioning test for the evaluation of the degree of Parkinson’s disease. The 

tests that are used today are different types of scales where the physician evaluates the patients’ 

symptoms by some tests and questions. The tests are all including large error factors and provide no 

objective data. In an attempt to combine a number of different scales and produce a common tool to 

monitor the impact of PD and the degree of disability caused, the Unified Parkinson’s Disease Rating 

Scale (UPDRS) was developed. This scale was first introduced in 1987 and has since been updated to 

include new assessments of non-motor symptoms. The scale consist of four sections:  

 Evaluation of mentation (mental activity or state of mind) or cognition (ability to acquire 

knowledge), behaviour and mood 

 Self-evaluation of the activities of daily life 

 Evaluation of motor function 

 Evaluation of complications of therapy 

In the first part, motivation, depression, intellectual impairment and thought disorders are evaluated. 

In the second part, the patient evaluates his/her own experience of daily life activities, like speech, 

dressing, swallowing, walking, handwriting and tremor. In part three, the physician evaluates the 

patients’ motor functions by rotation tests of hands and forearms, and by evaluating the amount of 
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bradykinesia, rigidity, tremor at rest, speech, facial expression and postural stability the patient 

present. The final part is an evaluation of complications of therapy, amount of dyskinesia, off-periods, 

anorexia and sleep disturbance are estimated (Goetz, 2008). 

The UPDRS scale is usually combined with two other scales used to evaluate PD – the Hoehn and Yahr, 

and the Schwab and England Activities of Daily Life (ADL) scale (Goetz, 2008) 

The Hoehn and Yahr scale was first introduced in 1967 by Margaret Hoehn and Melvin Yahr, after some 

modifications the scale includes today eight stages. The scale is commonly used to describe how PD 

symptoms progress over time and which relative level of disability the patient experience, see table 1 

(EPDA, 2014). 

 
Table 2. The Hoehn and Yahr scale. Eight steps that describe how Parkinson’s disease symptoms 
progress over time. 

Stages Parkinson’s disease symptoms 

Stage 0 No signs of disease 

Stage 1 Unilateral symptoms only 

Stage 1.5 Symptoms unilateral and also involving the neck and spine 

Stage 2 Bilateral symptoms, but no impairment of balance 

Stage 2.5 Mild bilateral symptoms, with recovery when the pull-test is given (the 
physician stands behind the patients and asks them to maintain their balance 
when pulled backwards) 

Stage 3 Balance impairment. Mild to moderate disease. Physically independent 

Stage 4 Severe disability, but still able to walk and stand unassisted 

Stage 5 Confinement to wheelchair or bed unless assisted 

 

The Schwab and England Activities of Daily Living (ADL) scale is used to evaluate a person’s ability to 

perform daily activities. The scale reaches from 100% indicating full independence to 0% indicating a 

state of complete dependence (EPDA, 2014).     

The UPDRS scale is usually combined with two other scales used to evaluate PD – the Hoehn and Yahr, 

and the Schwab and England Activities of Daily Life (ADL) scale (Goetz, 2008). 

 

5.1.4. Treatments 
There is no treatment today that has the ability to cure PD. What is done is to decrease the symptoms 

by increasing the patients´ dopamine levels to a level as normal as possible. In early stages of PD, the 

treatment usually consist of either levodopa, a precursor to dopamine, or a dopamine agonist. Which 

treatment that is to prefer to start with is an ongoing discussion (Montastruc et al., 1999; Weiner, 

1999).  

Levodopa 
Levodopa is transformed into dopamine when it comes in contact with the enzyme aromatic L-amino 

acid decarboxylase (AADC), in dopamine-containing neurons, 5-HT neurons and pericytes (Cooper et 

al., 1991). Levodopa that is administered orally reaches the highest blood concentrations 45-120 

minutes after the tablet intake. How fast the levodopa reaches the blood system depends on the 

formulation of the tablet and gastric emptying (Rivera-Calimlim et al., 1971). Because of the 

dependence of the gastric emptying rate, the oral levodopa therapy gives a slightly unpredictable onset 

of response. As PD progresses, the effect of each dose of levodopa becomes shorter, in the advancing 
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stages of the disease, the patient continually takes small and frequent doses of levodopa in an attempt 

to decrease fluctuations of levodopa levels in the blood and motor performance (Stocchi et al.,2010). 

It is a challenge to get a stable and effective treatment without side effects, changes and adjustments 

are done continuously during the whole course of the disease.   

Fluctuations 
Medication with levodopa is uncomplicated and effective in the early stages of PD. When the patient 

is symptom free it is called that the patient is “on”. Early in the disease the patient usually is “on” most 

of the time, but after a few years, the effect duration of each dose of levodopa decreases and the 

patient experience “wearing-off” episodes. The “off” episodes occur when the plasma levodopa levels 

falls under 50% of the peak concentration (Kempster et al., 1989).  

Patients with PD have a clearly defined therapeutic window for levodopa, too high levels resulting in 

involuntary movements (dyskinesia) and too low levels in no response (“off”). This window get 

narrower with the advancement of the disease. Late in the disease “on-off phenomenon” appears, 

with fast change from “on” to “off” and back. This state is very difficult to manage with oral medication 

(Sweet and McDowell, 1974) 

Intestinal infusion 
Levodopa is infused directly into the small intestine, and not into the stomach as with oral levodopa. 

For PD patients with “on-off” fluctuations, this makes a big difference, their plasma levodopa levels 

become more stable and they are “on” for a greater part of their time. The therapy is practical but 

complex for patients failing on conventional treatment (Nilsson et al., 2002). 

5.2. PANDA - Parkinson’s Digital Assessment 

PANDA is an application with continuous data transfer between patient and healthcare professional. 

PANDA is developed through a collaboration between Dalarna University, Uppsala University and 

Uppsala University Hospital. PANDA is CE Marked and serve as a Class I medical device. The aim of the 

product is to improve life quality for patients with Parkinson’s disease, by supporting their physician 

with objective data concerning the patients’ day-to-day motor fluctuations over time. PANDA provides 

a visual representation of symptoms over time and makes it possible for the physician to better 

observe his/her patients and individualize the treatment to suit their needs.  

The PANDA application includes both a motor function section and a patient response section with 

Parkinson’s disease related questions. The patient interacts with the application four times a day 

during a week-long test period.  

 

5.2.1. The self-assessment section 
The self-assessment questionnaire is designed to correlate with the Unified Parkinson’s Disease Rating 

Scale (UPDRS), that is, as mentioned above, a standard clinical rating scale for evaluating PD symptoms 

and motor complications. This section includes seven patient status questions related to PD, such as 

ability to walk, satisfaction of function, level of dyskinesia, and so forth. One of the questions asks the 

patient to mark the portion of time they spent in “off”, “on” and dyskinetic states during the last four 

hours or that morning.  
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5.2.2. The motor function section 
In the first part of the motor function screening there are several tapping tests of 20 seconds each to 

hand dexterity, assess speed, attempt to visual stimuli and reaction time. The test starts with alternate 

tapping between two red squares, first with the right hand and then with the left hand. In the third 

part, the squares alternately becomes active with increasing speed. In the last tapping test, the active 

square rotates randomly between four squares. These tests help to detect problems with motor 

function caused by involuntary movements, such as dyskinesia, tremor, and bradykinesia.  

The second part of the motor function test involves the patient to trace a pre-drawn spiral from the 

centre and out as accurately as possible. This test helps detecting problems with handwriting ability 

caused by involuntary movements, such as dyskinesia, tremor, and bradykinesia.  

 

5.2.3. The results of the PANDA-test 
The healthcare professionals will access the data transferred from the patient’s device and approve it 

to be recorded in the database. The information is displayed in a graph showing an overview of the 

patient’s status. The system gives a visual representation of the patient’s functional changes over time, 

and also lets the healthcare professionals evaluate the patient’s motor function tests side-by-side with 

the self-assessment response. 

The PANDA application shows the results for each part of the test, as well as daily results. The results 

of the self-assessments and motor tests are also combined into an overall test score which reflects the 

global health of the patient during the test period. 

The communication between the healthcare professionals and patients will improve since they will get 

a common language. The use of the application will also involve the patient and improve the 

engagement for his or her own treatment. The use of PANDA will also imply reduced time for the 

physician to fill out questionnaire and therefore have more time for the patient. It also gives the 

physician a better chance to be well prepared before the meeting. 
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6. Promoting innovation in healthcare and the underlying 
theory  

This section introduces a number of approaches on constructing a theoretical framework on which a 

model of implementation could be applied. It is an analysis of underlying problems presented in several 

different perspectives but also focusing on concrete promoting and inhibiting factors related to 

implementation of innovation in healthcare.   

The section is divided into three subheads starting with a wide theoretical foundation, the evidence-

based approach. Further, the section stretches in to theoretical approaches on innovation 

implementation processes in healthcare, focusing on factors that facilitate or inhibit the processes. 

Further a theoretical model of implementation is thoroughly explained focusing on important aspects 

in the development process of an application. 

With the theoretical framework in place, describing the implementation process focused on facilitating 

and inhibiting aspects, another perspective is introduced. Here, approaches in sociology sciences 

connects a social context to the aspect of implementation. The Normalization Process Theory applies 

a weight on user integration and organization with, and revolving, an innovation and its practice.     

The chapter treating the theoretical aspects of implementation and innovation processes is then 

applied to the PANDA launch project with the aim to verify theory through observation. PANDA would, 

in this case, be analysed on basis of the different perspectives mentioned in the theory, resulting in 

contributions to the approach in formulating a model.  

6.1. Healthcare, innovation and the evidence-based approach 

Stroetmann et al. (2010) points out that the fundamental factor behind the mainstream healthcare 

innovation inertia is divided in a number of different dimensions cover a wide spectrum of societal 

institutes. The healthcare is still troubled with scepticism towards new implementations, both on a 

regional and international scale. What always have worked will continue to work in the future, the 

wards are filled with conservatism while outside the hospital walls, and society is changing. 

Stroetmann et al. (2010) have found a number of studies showing the benefits of telehealth 

applications through different pilot studies. These studies imply that telehealth applications can 

improve care by minimizing visits, thus reducing costs and patient discomfort, and at the same time 

reducing time consumption for the healthcare professionals supporting the possibility of a greater care 

quality. What these studies not consequently show is how the telehealth application would financially 

benefit or inhibit from the investor. Out of 65 studies regarding telehealth applications linked to 

monitoring chronic conditions in a home environment, only 28 percent contained some form of cost 

analysis (Stroetmann et al., 2010). 

Generally, an evidence-based approach is constructed of assessments resulting from studies in 

relevant areas. These assessments further produces a decision support of which a process could be 

initiated. Evidence-based care delivery is an alternative path for a healthcare professional to treat its 

patient. That is, gathering data from relevant and up-to-date studies and assess it to acquire support 

in treatment decisions adapted to the needs of the patient (Ferguson, 2011). In the case of healthcare 

innovation it could be valid to use the approach when assessing the innovation in the framework of 

different dimensions to acquire decision support on forthcoming processes in the innovation strategy. 

The evidence-based approach in this case is about gathering data from the dimensions, relevant to the 
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innovation at hand, and assessing it to produce a common perspective on the benefits of the 

innovation, adapted to the healthcare establishment at hand. 

In Figure 1, the three dimensions of the evidence-based approach are showed; the economic 

dimension, the organizational dimension and the legal and ethical dimension. 

 

 

 

 

 

 

 

 

 

 

 

 
From a business oriented perspective the evidence-based approach would function as a healthcare 

focused complement to the common assessment process related to an innovation development. These 

more common assessments are a recommended step to complete presumably before the evidence-

based approach assessment of healthcare system at hand. Primarily these business related 

assessments could involve identification and analysis of possible market segments together with 

prognoses on market growth. Further, it could incorporate identification of present competition, 

market leaders and future market entrants, as a competitor assessment. Thirdly, and a crucial activity 

in respect of the forthcoming process, a stakeholder analysis should be executed (Shilling, 2010). Here, 

it is important to establish identification on all stakeholders involved, or to be involved, in the 

innovation process. The stakeholder analysis then becomes a natural pathway in to the evidence-based 

approach assessment, where the impact of the innovation on different interests proclaimed by 

identified stakeholders are evaluated. 

Another complement to the evidence-based approach worth mentioned, with similar characteristics, 

is the unique selling proposition (USP) (Kingl, 2010). The USP is a theory that strives to formulate the 

primary advantages of a product relative the similar alternatives offered by the competition building 

on the four blocks of place, promotion, price, product (Kotler & Keller, 2012) . It is about differentiating 

from the competition. The theory presents itself as a guideline for the formulation of a marketing 

strategy whereas a company aggressively should promote the benefits of the product at hand. In the 

case of healthcare innovations, marketing strategies are a later phase in the process of 

implementation.  

Figure 1. The evidence-based approach form an initiative for investing in telehealth applications. It is 
important to identify the common benefit, assessed from the different dimensions defined by economy, 
organizational and legal aspects. 
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The USP theory is one dimensional in the sense that it is not specified for the healthcare applications, 

where the customer relationships, payment models and decision patterns are highly complex. A unique 

selling proposition approach would gain more effect on a market in the public space. Although, a 

marketing strategy in the case of a healthcare application could be constructed from a foundation of 

proven beneficial effects from key users or establishments. The usage could be defined as references. 

Highly recognizable references, often together with scientific study results, will form a strong 

incitement for other clients to adapt the application. Here, the USP theory could be applied to 

encourage promotion of the proven benefits acquired from key users.      

To sum up, today telehealth applications in a routine practise have still an uncertain role and value 

and benefit promotion with key stakeholders, especially with investors and many healthcare 

professionals. Studies of telehealth application implementation have traditionally been focusing on 

individual clinic outcomes and not on larger routine use in healthcare system. To inform important 

stakeholders a larger and mixed evidence-based approach could be used (Stroetmann et al., 2010). 

From an assessment of data captured in an evidence-based approach, it could be interesting to move 

forward, constructing a stable innovation process strategy or a model of implementation. As 

mentioned above, economical components, organizational structures, ethical and legal aspects all 

form a complex framework of which, at present, much inhibits innovative technology in healthcare. It 

is important to find a streamlined process of innovation that can supply healthcare with validated and 

certified telehealth solutions according to defined policies. It is also important to examine how to 

create an integrated system, where different healthcare disciplines come together, tearing down walls 

and joining islands to give the patient a more efficient care delivery. A common integrated base, a 

common ICT platform, is an example that will promote effective validation and, more importantly, the 

acceptance to innovations within healthcare institutes. 

 

6.1.1. The economic dimension 
One must carefully evaluate the economic dimension of an implementation project to further 

strengthen an initiative of investment. This includes factors related to quantitative estimates of costs 

and carefully evaluated prognoses of financial benefits in implementation outcomes. On this level of 

economic analysis it is important to look at the whole picture. How is the economic healthcare model 

in the society constructed and in what way could the service or application benefit? 

In many European countries there is a separate funding model for healthcare and social care where, 

for example, the healthcare sector invests in a new technology of which the outcome can benefit the 

social care sector, as the case of many telehealth solutions. It is a key activity to, as a start, identify the 

financial impacts of the innovation, as costs and benefits (Stroetmann et al., 2010). Both on a larger 

scope, with an international perspective, and on a period of time, that is, on a short and long term 

basis. On a long-term basis it is important to identify factors that possibly could affect the impact of 

the innovation in the future. These factors could transcend into barriers of desired impact because of 

delayed reactions in other parts of the system (Stroetmann et al., 2010). 

One component is the economic analysis where several different aspects should be included, such as 

the short- and long-term impact of the innovation on a larger socioeconomic scale. Here, it is 

recommended to also analyse the factors that could affect a desired impact or creating barriers, in a 

later phase. A dynamic model of analysis could be used where different scenarios of implementation 

would apply, creating a range of possible impacts comparable to the process of, for example 

conventional care delivery systems (Bayer et al., 2004). 
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The economic analysis can have other attributes as well. If a specified application appears to be both 

less costly and offer a higher efficiency than a regular current application, it is easier to invest. Though, 

if a specified applications appears to be more effective but costly, the decision is presumably harder 

and requires further evidence. Here, a cost relative benefit assessment is crucial (Stroetmann et al., 

2010). Again, socioeconomically factors should be included like resources and local infrastructure. On 

an international level, the differences between such factors could shift radically. A telehealth solution 

that creates a benefit in one country might form a large cost in another country, which of course affects 

the decision makers differently. 

The cost and benefit relationship when it comes to telehealth applications is thus much related to its 

context. Often, when it comes to all investments in new healthcare solutions, it is better to focus on 

the enabling of care quality given by, for example a telehealth solution, and the overall improvement 

of the healthcare delivery system that comes with it, identifying the value for all stakeholders. For 

example, with a telehealth solution were a home environment focused care delivery system is 

integrated, the carer, often a close relative, can gain in workable hours by not having to be ever 

present. Thus, funding the investment on a socioeconomic scale. 

To sum up, an evidence-based approach on the economical dimension perspective should contain 

support for an investment decision founded in a dynamic model of socioeconomic aspects. An analysis 

should have focus on both the infrastructure and human cost linked to a systematic implementation 

of a telehealth solution. But also, prognosis on short- and long-term impacts on healthcare, social care 

and other sectors in society. Focus should lie on the benefit for the user, such as quality of life 

improvements of patient thus reducing its need for consuming further resources within health- or 

social-care (Stroetmann et al., 2010). When investing in a telehealth application it is important to see 

the whole picture, and an evidence-based approach should offer a high resolution image of the cost 

and benefit relation and impacts on several aspects, both on a local and a larger societal scale. 

 

6.1.2. The organizational dimension 
Apart from the economical component assessed through the evidence-based approach, the leap is not 

too large from a more organizational component. That is, what constitutes the governance and the 

institutional structures of the system evaluated for implementation of a telehealth solution? 

Governance is defined by the rules and processes through of which power is exercised in society and 

an important aspect when it comes to potential benefits of an integrated telehealth solution 

(Stroetmann et al., 2010). A wide organizational analysis on both local and regional levels to identify 

good governance appropriate to the implementation strategy at hand, is one of the key factors for 

success. 

Within the healthcare sector the organizational structure could often be complex or non-consistent. 

Processes of care delivery is not particularly integrating, thus separating stakeholders from each other 

and reduces the continuity of implementation. The issue of variance could be a limiting factor for a 

telehealth solution and exists in both vertical and horizontal manner. That is, primary, secondary and 

long-term care systems could all have its own informational flows and administrational variations 

(Stroetmann et al., 2010). It is important to map out the local and regional administrative channels and 

organizational structures to acquire an applicable strategy of implementation matching the variants of 

disciplines.  

With the organizational structure mapped out, one could more effectively identify and compare 

factors of potential barriers to an implementation of a mainstream telehealth solution. These factors 

can be defined as processes of reimbursements, systems of innovation incentives and specific 
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regulations related to discipline (Stroetmann et al., 2010). Here, the connection to economy aspects is 

close. Reimbursement processes are highly related to the financial flows within the healthcare systems 

and are affecting various stakeholders depending on the structure of organization. It is important in 

the evidence-based approach to identify these financial flows in the structure to acquire information 

regarding specific factors posing as barriers to a mainstream implementation. 

When looking at the aspects of reimbursement in a healthcare organisation, key attributes are input 

and process relative to outcome and quality-based approach. Stroetmann et al. (2010) points out three 

different models of reimbursements; capitation, fee-for-service and salary. Here, a well-designed 

system with capitation or salary, where there is room for built-in initiatives to optimize a process, 

would be the main promoter for an effective telehealth solution. In another aspect, fee-for-service, 

thou a costly model when the telehealth solution is requiring additional payment and there is not any 

compensation by other fees, could be a recommended choice in the initial phase of effectively diffusing 

the innovation into the organization. 

 Capitation 

The healthcare professional receives an arranged payment based on a length of a time period 

caring for a patient. The services provided, or lack of, are irrelevant for the capitation 

agreement. 

 

 Salary 

The healthcare professional is compensated by an agreed payment and, in addition to that, 

could have the right to be compensated based on performance. 

 

 Fee-by-service 

The healthcare professional is compensated for each unit of service performed. 

 

To sum up, one component in the evidence-base approached assessment should to contain a thorough 

mapping of the organizational structure of the relevant local and regional potential target units. Within 

the organizational structure it is important to understand how the financial flows are expressed and 

one has to keep in mind that the pathways could have a different set up depending on administrative 

activities relevant to respective discipline in the organization. That is, the economical component and 

organizational component are very much combined activities in an analysis, there is mere a 

transparent path linking them together.   

 

6.1.3. The legal and ethical dimension 
The next component that Stroetmann et al. (2010) mentions is the legal and regulatory aspects 

connected to the healthcare sector. These aspects are well linked together with the organizational 

structure and poses equally as large barriers to an effective implementation of a telehealth solution. 

The legal contributions are not yet fully established regarding telehealth technology and practices of 

the like because of that it is a relatively new area of healthcare technology and, as mentioned, routine 

establishment is still rare. But a closely related legal area that has been discussed in connection with 

ethical aspects is the surveillance aspect that comes from monitoring equipment in a home 

environment (Stroetmann et al., 2010). Usage of telehealth applications in today’s clinical evaluations 

is often regulated by specific legislations. Over a longer time period, more applicable regulations for 

telehealth technology will be more widely discussed and implemented through policies. 
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As mentioned, close to the legal and regulatory aspects lie the ethics issue. Ethical questions regarding 

implementation of new telehealth technology is widely discussed and an area of careful evaluation. 

With the future telehealth applications, when healthcare and care delivery systems has to reach a 

higher level of efficiency, the system will radically change. It is easy to focus on the technology itself 

and the promise of new cost-effective and time-reducing methods, a brand new healthcare world. But 

merely have a technology perspective will put aside the fundamental aspects of ethical issues and legal 

implications that could reduce a success (Kluge, 2010). 

Kluge (2010) mentions in the article “Ethical and legal challenges for health telematics in a global world: 

Telehealth and the technological imperative” that one example of a first introduction of telehealth and 

uprising of ethical discussion was the EHR, electronic health records. The EHR created an evolvement 

of the current informed consent, a form regarding ethical aspects of treatment that has to be approved 

by the patient. Here, the patient have the right to access all information about the treatment to make 

a decision, both proposed treatment and health record. The approval has to be made by the patient 

to continue a study. 

Through EHR the patient can access information about its health digitally which affect software and 

communication protocols and outsourcing services to adapt to emerging patient rights and 

information requirements (Kluge, 2010). Apart from the access to patient information there is the fact 

that, in case of the home based telehealth applications, the patient becomes a participation, an active 

patient, in the delivery of healthcare. Questions arise regarding data safety and the misreporting from 

patients, especially if the medications are based on data accuracy. The human error could increase 

affecting both the treatment and the workload of the healthcare professional. Above all, affecting the 

life of the patient and involve the healthcare professional in legal consequences (Kluge, 2010). 

The future of informed consent 
Informed consent is designed to protect us as patients. The document tells you that your data, 

collected by the healthcare professional, never could be accessed without the right confirmation. This 

is both its strength and its weakness. With the changing world, sharing information connected to ICT 

solutions is becoming more and more a corner stone in our daily life (Wilbanks, 2012). 

The informed consent evolving is a start for healthcare to adapt. The patient data collected are locked 

in, stored in silos, islands of information. What if these islands instead could be connected and opened 

up? Allowing computer scientist and mathematicians to easy access of the data of millions of patients. 

In turn this could create a way to construct algorithms searching through massive amount of data, 

finding patterns and perhaps solving questions of our diseases. What if the cure for prostate cancer 

lies within skin cancer? This, of course, sets in the perspective of ethical questions regarding privacy. 

But with the society changing, us ourselves changing, sharing our life to contribute to science, might 

not be a barrier (Wilbanks, 2012). 

Kluge (2010) refers to telehealth applications as innovations created not to push aside the traditional 

processes of healthcare but rather extend its care delivery systems, adopting it to the societal 

evolvement based on the ICT drivers. That is, an implementation of a telehealth application is a 

systematic process that has to blend in perfectly into the current healthcare delivery. Another factor 

to have in mind is that telehealth is a technology driven by rapid evolution. A telehealth application 

has to be evaluated to include highest and latest standards, compromises shall not be accepted while 

quality failures regarding hardware or software can jeopardize both patient safety and rights. 

Different countries has wide variations of regulatory policies regarding monitoring and electronic 

consultation, not specifically evaluated for modern telehealth applications, but similar to the medico-

legal base that will form a telehealth framework of which to progress (Stroetmann et al., 2010). One 
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example of a European Union founded cross-border project, evaluating the issue of legal and ethical 

questions in ICT processes of electronic patient records and making these internationally accessible. 

The project is in an operational phase and a good example of showing a large collaboration in changing, 

or modernizing, the healthcare delivery system (epSOS, 2014). 

To sum up, a substantial component of the evidence-based approach assessment should contain a 

mapped out regulation and legal structure for the local and regional unit that is targeted. It is also 

important to incorporate the analysis of ethical aspects connecting to a telehealth solution. It is a form 

of ethical obligation that, because of the fundamentally rooted relationship between a healthcare 

professional and its patient, the telehealth technology implemented reaches the acquired integration 

level and certification.  

6.2. Innovation implementation processes 

As Stroetmann et.al (2010) points out, it is not the technology that creates barriers of the innovation 

implementation processes, it is the organisational structures and a culture of doing things the way it 

always been done combined with financial models. Once the different parts of the healthcare 

organisation starts to integrate their services into a uniformed coordinated clinical pathway, which in 

turn is an organisational change evolving out of an active change management process, the healthcare 

system of care delivery will improve and willingness to innovation will enhance. The organisational 

change is the real innovation (Stroetmann et al., 2010). 

Another key aspect is how innovative technology would play its part within a target healthcare 

institution. It is crucial to acquire the understanding about how technology can adapt and improve 

existing methods but not be a driving factor for radical change. So, how could the actual 

implementation process of a telehealth innovation be initiated? 

 

6.2.1. Innovation process 
Fleuren et.al (2004) has constructed a theoretical framework founded in the four main stages of the 

innovation implementation process: dissemination, adoption, implementation and continuation, see 

Figure 2. These four stages are encapsulated concepts derived from a number of different studies, such 

as “Diffusion of Innovation” by Rogers, 1995.  
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Dissemination 
Here, Rogers argue about diffusion of innovations versus the dissemination of innovation, where 
diffusion defines the innovation stage as a spontaneous spread and the dissemination as a controlled 
spread. (Fleuren et al., 2004) refers to the latter as the first stage regarding healthcare innovation 
implementation. During dissemination the innovation is supplied to relevant healthcare professionals 
(de Veer et al., 2011). 
 

Adoption 
The next step of the innovation process is defined as the adoption stage (Fleuren et al., 2004). In the 

adoption stage the healthcare professional either responds positively or negatively to the practical 

innovation usage (de Veer et al., 2011).  

Implementation 
Further the implementation stage itself follows (Fleuren et al., 2004). Here, the healthcare professional 

start using the innovation in a daily practice, finding out how the innovation helps or hinders the day-

to-day tasks (de Veer et al., 2004). The definition of the implementation stage of an innovation could 

vary in different studies. Stanton et al. defines in “Implementation of effective health innovations and 

paediatrics” the implementation as the adoption or utilization of the innovation and as one step under 

the broader dissemination or diffusion stage. The definitions, Fleuren et al. and Stanton et al., likewise 

seem to agree on the discussed process as whole.   

Continuation 
With the implementation stage passed, the process reaches its last stage, the continuation. As the 

name implies the innovation continues to be used in a more routine setting (de Veer et al. 2011). The 

four stages can be seen as transitional steps in the innovations process, critical barriers to overcome 

when the target is successful implementation on a mainstream level. 

Figure 2. Innovation determinants affecting the innovation process are important to identify and 
evaluate for a successful innovation strategy. Based on an illustration by Fleuren et al., 2004. 
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6.2.2. Characteristics of the determinants 
Fleuren et al. has in “Determinants of innovation within healthcare organizations”, see Appendix 1, 

identified a list of 50 different potentially relevant determinants that could facilitate or create barriers 

towards introducing innovation in healthcare. The study consists of a wide analysis regarding literature 

that addresses innovation introduction in healthcare and 50 determinants were retrieved. The 

determinants were then validated and analysed through a Delphi study with implementation experts 

until consensus. The study was published in 2004 and has been a framework for building and 

researching innovation strategies for healthcare since then (de Veer et al., 2011). 

As mentioned above, most studies has been focusing on the individual healthcare professional. These 

are often constituted of small pilot test beds linked to the evaluation of technology. Not as much is 

known about the determinants regarding a mainstream implementation in a larger healthcare 

settlement (Fleuren et al., 2004). It is important to identify these determinants that could work as a 

complement to the evidence-based approach. Further, one could apply relevant determinants to 

certain steps in the innovation process to acquire a consistent strategy of innovation implementation. 

The innovation process is not an isolated system, especially when it comes to innovation in healthcare. 

The healthcare professional does not only act on its own premises from the positively or negatively 

experiences of an innovation but is constantly affected by other forces present. Using the innovation, 

the healthcare professionals work is conducted as a part of an organization and in turn, the 

organization is a part of a society (Fleuren et al., 2004). The forces affecting the choices of the user 

could be described as determinants, factors that could promote or inhibit the transition from one stage 

in the innovation process to another. As mentioned, Fleuren et al.’s (2004) study defined 50 potentially 

relevant determinants which in turn could be divided into four main categories.                    

Characteristics of the innovation itself 
The four categories divided by the 50 determinants, see Appendix 1, and are defined by different 

characteristics observed with a group of determinants. The first category is the characteristics of the 

innovation itself (de Veer et al., 2011). When developing a technology it is important to include the 

potential user to some extent, minimizing the risk of determinants, for example, perceived complexity 

of the innovation or the relative benefits of the technology comparing the current situation, to be 

inhibitors in the innovation process.   

Characteristics of the adopting user 
The next category can be defined as characteristics of the adopting person or user (de Veer et al., 

2011). These characteristics could apply to important determinants in the dissemination stage, for 

example, how much knowledge is required to actually use the technology effectively? But also to what 

extent colleagues or management gives their support which could be a promoting determinant. For 

example, healthcare professionals that perceive themselves as more secure in using the technology at 

hand are more likely to use the innovation in a routine setting (de Veer et al., 2011). 

Characteristics of the organization 
The third category is the characteristics of the organization. This is where one could link the discussion 

to the previous chapter regarding analysing the evidence-based approach. Determinants include 

aspects of the structural complexity of the organization, for example, flowing pattern of resources, 

staff allocation or processes in decision making (de Veer et al., 2011). Promoting determinants 

advancing the innovation process could be high number of staff available or efficient decision making 

processes. 
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Characteristics of the socio-political context 
The last of the categories is the characteristics of the socio-political context (de Veer et al., 2011). As 

above, one could also connect this category as a complement to the mentioned evidence-based 

approach.  Content determinants could apply to aspects of rules and legislation but also structural 

funding in the early innovation process resulting in, through use of new technology or patient 

cooperation willingness, catalysing the transitions. 

To sum up. When constructing an innovation strategy it is important to have fundamental knowledge 

in the stages of innovation process. Fleuren et al. (2004) defines the innovation process as four main 

stages, each connected by a transition phase. The transition from one stage to the next could be 

affected by a number of different determinants, these could either promote or inhibit a transition and 

are thereby crucial to analyse and include in the strategy to successfully implement an innovation.  

The point is to not only see the innovation process as an isolated system, where a healthcare 

professional work on its own premises. The usage of an innovation and its potential success is a 

component of a wider system, that is why one group of determinants are characterized as 

organizational and another, socio-political. It is not just about the innovation itself or the user itself, a 

successful mainstream innovation process is directly linked to a larger perspective. 

As mentioned, a mapping and a detailed understanding of the different relevant determinants and 

their effect on the innovation process is an important part of the innovation strategy. If these are 

neglected or the determinants that are studied are irrelevant for the actual process, the strategy could 

fail. One example of failure could be steering determinants to solve specific problems in the process, 

for example, if the technology is complex, training would be recommended. Although, if time 

constraint is an important determinant, time consuming training will not solve the issue at hand. Here, 

the user perception is crucial for progress. If a technology is complex and the user need comprehensive 

knowledge to use it, a user under time pressure will not agree with introducing the technology in 

routine usage, no matter a strong evidence-based approach (de Veer et al., 2011).  

 

6.2.3. A practical view on the theoretical framework 
The analysis of Fleuren et al’s (2004) work will now gradually fade into a study performed by de Veer 

et.al, “Successful implementation of new technologies in nursing care: a questionnaire survey of nurse-

users”, 2011. This is more recent work, analysing the innovation process and determinants affecting it 

based on Fleuren et al’s (2004) definition, but applying it through a practical telehealth case.  

The study made by de Veer et al. (2011) is based in the perspective of nurses regarding how they 

perceive the introduction of three new technology categories, among other, telehealth applications. 

The result, extracted from questionnaires, is then related to different determinants and further, an 

evaluation of important aspects in designing an innovation strategy. 

 

Analysed determinants related to innovation itself 
First off, an analysis was carried out regarding the determinants related to the technology. Here, the 

nurses created a positive result in using technology that reduced their time working with 

administrative tasks. But there was a fine line between the complexity of the technology and the 

facilitating determinant of time reduction. If the nurses experienced dysfunction, disadvantage or saw 

no use of the technology, they were of course less motivated to actually use it (de Veer et al., 2011). 

One other aspects in determinants related to technology was if the innovation could be beneficial to 

the patient itself. If the nurses experienced that the technology helped in caring for their patients, the 

nurses were more willing to use it. This was then considered a facilitating determinant in the 
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innovation process. The opposite was also observed, if the technology created a risk related to the 

patient, the nurses were less willing to use it (de Veer et al., 2011). 

Analysed determinants related to the potential user 
Next, the determinants related to the potential user were analysed. Here, the most mentioned 

determinant was the support from the colleagues (de Veer et al., 2011). Enthusiastic colleagues were 

stimulating and encouraging the adoption of the new technology. This was regarded as a facilitating 

determinant and could reduce other more impeding determinants as uneasiness related to confidence 

in using the technology. 

Analyzed determinants related to the organizational and socio-political context 
Last of were the determinants related to the organizational and political context. Important factors 

that were observed were related to the influence of the decision process regarding usage of a new 

technology (de Veer et al., 2011). If usage was decided compulsory, the technology actually had a 

reduced chance of success. That is, an impeding determinant. Another important observation was 

factors related to the development of the technology. The nurses were more willing to adapt a 

technology if they were included in the development phase of the innovation strategy, a facilitating 

determinant for a successful innovation process. This is an interesting aspect of innovation strategy 

that will be deeper investigated further in to this report. Other determinants observed related to an 

organizational and socio-political context were the lack of resources covering the technology usage, 

this would for example show in practise as a lack of computer access. 

From an overall perspective, how did the observed determinants affect the design of the innovation 

strategy as a whole? The one most mentioned facilitating factor was the aspect of the nurses feeling 

noticed during the introduction of the innovation, that their feedback regarding the introduction was 

thoroughly evaluated and affecting the process itself. Pro-active coaching and training using the 

innovation was also facilitating determinants, it is crucial to understand what do to when the 

technology is faulting or have a coaching support system close by (de Veer, et al., 2011).  

It is clear that the study resulted in an important observation where the collaboration between 

technology and its user has to have a main focus when developing an application for healthcare. 

Further, a vital part of the introduction itself is the user feedback and through this valuable information 

adapting the innovation process to the routine setting, making the technology more easy to accept. 

Perhaps, a dynamic process of innovation should be considered in a case where a technology is about 

to establish in a routine focused activity as healthcare. Dynamic in the sense that it is in some ways 

adaptable to a user input.      

Although, some negative aspects that were observed in the study are important to bear in mind. The 

time frame was mentioned as an impeding factor in some cases. Either the training of a technology 

was performed long before the actual applications were in place or it was the other way around, the 

applications got introduced long before training took place (de Veer et al., 2011). A possible dynamic 

innovation process is also about continuity within a firm time frame, constant follow-up coaching 

sessions parallel with the implementation and through the entire process is, based in the study by de 

Veer et.al (2011) a crucial aspect to consider. 

To sum up, from this example showing determinants acting in a practical setting, one could conclude 

a number of key aspects driving a successful innovation process. Though it is already well known (de 

Veer et al., 2011), the technology developer has to collaborate with the user of the technology. The 

user knows best how to apply a certain innovation in their daily routine activities. The interrelationship 

has often been avoided due to financial reasons (de Veer et al., 2011) although in healthcare, and 
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especially when it comes to innovation in telehealth, a well-defined stakeholder focused development 

process would promote an implementation. 

 

6.2.4. User focused usability test periods 
A step in the final phases of the development process should include a thorough usability test period 

(de Veer et al., 2011). The test period should be set in an actual user environment and the user should 

be able to feedback on the technology. Moreover, the test period should be designed as a pilot-

implementation of the technology, testing the theory, such as planned guidelines for actual 

implementation. Relevant determinants affecting the implementation is then identified and applied to 

the guidelines and further, a larger implementation following the steps of an innovation strategy could 

begin. 

Last, an early identification of relevant determinants could be performed already before the planning 

of an innovation strategy. Quantitative questionnaires about previous implemented innovations 

related to the present innovation could result in important insight in what determinants to focus on. 

Thereby creating an innovation strategy that is more likely to succeed. Assessing history is always a 

crucial activity.  
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6.3. New technology requires new models of implementation 

As the use of telehealth applications are increasing in healthcare establishments, it is of interest to 

establish new models of implementation. As earlier mentioned, the administrative structures of 

healthcare organizations and financial flows today inhibits a streamlined innovation process. The rapid 

technological evolution of ICT and the stale mass of healthcare is colliding; the very important aspect 

of collaboration between health commissionaires and technology developers is almost non-existent 

(Marshall, 2013). 

Because of the rigid regulatory and cost-benefit evaluations that innovations has to pass through today 

results in abundance of telehealth applications that never reach mainstream adoption. But then, 

where are the greatest barriers for successful implementation of telehealth applications? Applications 

designed for public health are wide spread and increasingly changing our behaviour in pro-active 

health. Other elements of ICT are big data analyses and cloud computing, two techniques that will 

change the way information is accessed and perceived. The new technology is changing the way we 

interact and could foremost promote huge opportunities in healthcare. The wide public use of ICT 

applications shows that the technology works, that it is established and tested. An evaluation of a 

telehealth application should perhaps answer the question “How can we use it?” rather than “Does it 

work?” 

“How can we use it?” changes the scope of development from a technology focus to a technology-user 

focus. That is, development of applications with the intention of usage in a routine healthcare setting 

is about co-design. As mentioned, a successful implementation of an innovation within healthcare is 

in part founded by the users’ perceived experience. With telehealth applications, the “user” or 

“customer” is more than an individual. It often establishes a communication between two parts, a 

healthcare professional and a patient. 

Further, there could be other actors involved, such as relatives to the patient or administrative 

personnel. At the same time healthcare managers (decision makers) form other actors that also has to 

be a part in the development. This could, in turn, be connected to the facilitating and inhibiting 

determinants of the innovation process. Involving different stakeholders early in development, 

stakeholders in the form of technology developer, user and decision makers, would create a more 

successful way to further implement an innovation. Although, a stakeholder involvement need to be 

well managed (Marshall, 2013). 

Marshall has in “Designing telemedicine apps that health commissioners will adopt”, 2013, identified 

a model that focuses on integrating important stakeholder perspectives early in the specification and 

development phase of telehealth applications. The Stakeholder Empowered Adoption Model (SEAM) 

defines the main economical stakeholders, the technology developer providing the innovation and the 

healthcare management commissioning, as the drivers of development and the end users, the 

healthcare professionals and patient, as factors of successful implementation. Applying the previous 

discussion regarding evidence-based approach and determinants facilitating and inhibiting a common 

innovation process, to the SEAM could potentially create a theoretical roadmap of development and 

implementation of telehealth applications. 

The case is that today’s implementation structures of technology in healthcare is not very well 

adaptable to telehealth applications. Unlike the situation of public use, where the market decides the 

quality level of the product, telehealth applications is strictly judged by regulation (Marshall, 2013). 

The firmly established procedural implementation processes has grown to organizational structures 

with health commissionaires integrated with regulatory experts and large product champions in 
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medical technology companies (Marshall, 2013). With this conventional structure there are certain 

problems connected to implementation of applications.   

 

6.3.1. Aspects of the implementation process 
There are a number of certain aspects to consider in the implementation process. First of all, the 

patient is the main user of the application but the patient is not paying for it. Secondly, a telehealth 

solution may create a disruptive change in the work process of the healthcare professionals. Last of, 

the evolving telehealth technology might be out-dated by the time the piloting and evaluation process 

is over (Marshall, 2013). 

 

6.3.2. Top-down regulations and fragmented financial decisions 
The top-down approach on regulation, that is, certification of using the telehealth application from 

regulatory organisations such as FDA (Food and Drug Administration) does not match well with the 

actual economic aspects. When it comes down to it, the purchasing decisions are fragmented and 

influenced by local healthcare establishments, commissioner groups and opinion leaders. The national 

institutions are only providing guidelines on which technology to be used (Marshall, 2013). 

Marshall (2013) suggest that, based on the arguments above, that the relationship between the 

technology developer and health commissioners has a negative impact on the promotion of innovation 

rather than being a collaborating force towards better telehealth solutions. The evaluation system is 

based on that the developer alone can show that the solution actually works and could provide for 

clinical and economic benefits. With telehealth applications, as mentioned, the technology is well 

proven in other areas of use. The question of “Does it work?” is no longer relevant. The healthcare 

needs a system of implementation that is adapted to the telehealth technology. A technology that is 

more and more expressed as applications and platforms.     

  

6.3.3. The Stakeholder Empowered Adoption Model (SEAM) 
It is well established that the stakeholder perspective is important to take into account early in the 

development process of an application. As mentioned earlier, the healthcare organization has a 

complex pattern of integrating decision makers and members of the staff, not to forget the patient 

and possible carers. All of the stakeholders have different perspectives, different glasses through 

where they see their own needs and the benefits of an application solving their needs. 

In relation to stakeholder involvement, the idea of co-design processes is used. Here, the developers 

work close with end users in the early phases of projects. The users then apply feedback in the different 

stages of development. In theory, this approach sound effective and offering a better result in adapting 

the product to the user but in practice the limitations are shown. It is expensive to make co-design 

work, much because the users are often struggling to understand the potential of the final product. 

Also, it is hard to acquire a relevant and active user panel to do the job (Marshall, 2013). The concept 

of co-design can in worst case end up as a large cost for the developer without an acquired benefit to 

the final product.   

As said, there is a need of a new model or a framework in where the values and perspectives of the 

stakeholders are effectively incorporated in the development phases of a telehealth application to 

promote a successful evaluation and implementation. Based on these founding perceptions, Marshall 

refers to the Stakeholder Empowered Adoption Model (SEAM). Central to SEAM and the development 

process are two key aspects: 
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 Perspective and value 

Each stakeholder has different lenses through which they perceive certain aspects of the 

evidence-based approach, for example how the innovation benefit their individual or 

organizational needs. But also, which parts that they identify as more valuable out of their 

perspective. 

 

 Relationship 

The driving element of the development process has to be the transactional relationship 

between the healthcare organization and the technology developer; these are also the 

economic factors. The other stakeholders, the users, might not play the economic role in the 

transactional process but are very important as key users.  

 

The different stakeholders, while they have different perspective and views, should share a common 

goal. A common goal is a promoting factor for a stable relationship between healthcare and the 

technology developers. In turn, a stable relationship gives way to a more efficient development 

process. A common goal related to telehealth solutions would be to increase the efficiency and 

convenience of care delivery and at the same time improving the quality of care, see Figure 3. 

 

 

 

 

 

 

Figure 3. The values and transactional relationships between key stakeholders in a healthcare 
application development process. A common goal should be identified, combining important 
perspectives related to stakeholder. Based on an illustration by Marshall, 2013. 
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In the SEAM, different stakeholders are summarized into four key stakeholder groups: 

 The healthcare organization 

 The technology developer 

 The healthcare professional 

 The patient and affected providers   

As previously mentioned, it is hard to apply all of the stakeholder’s values and perspective in one 

common and efficient development process. The technology developer often has a hard time 

penetrating the hospital walls to acquire a stable connection. The healthcare organization needs the 

developer to show that the application meets the demands before investing. The healthcare 

professionals have often limited time resources to be fully connected to the development process. Last 

of, the patient and affected carers are often willing to be a part in the process but perhaps cannot 

always apply relevant objective feedback to the development (Marshall, 2013). Their opinions could 

also be affected by their personal status. 

The SEAM proposes a way for the economic stakeholders, such as the healthcare organization and the 

technology developer, to work together and forming a development structure, which could support 

user interaction at the proper occasions. First off, the value of each stakeholder group has to be 

identified and fully understood. Based on value specification the common goal has to be identified, 

without a common goal there is no concrete incentive to continue developing the application 

(Marshall, 2013). With a common goal accomplished it is up to the technology developer to carefully 

manage the continued stakeholder involvement through planning and visualization of each step in the 

development. 

Using the model requires a shared understanding from the transactional economic stakeholders and 

at the same time takes in account the limited availability of user interaction. These factors have to 

come together to form an effective co-design methodology. The success of an adoption of a telehealth 

solution is based in a development process that designs the care delivery pathway together with the 

technology. 

 

6.3.4. The SEAM process 
The first step in SEAM is to identify the needs of the healthcare organization, such as the economic 

stakeholder. What is their objective? This could express itself as a need for reduce costly emergency 

visits through continuous follow-ups in a home environment. An application idea then needs to be 

developed and carefully expressed to the healthcare organization and healthcare professionals. It is 

about getting the interest of the stakeholders to understand implications and engage in the process of 

development (Marshall, 2013). This process would then continue in an iterative fashion, connecting 

other groups of users and integrating different values into the process. As mentioned, the visualization 

is a key element to create understanding; the idea should early on develop into a prototype. The 

prototype would then gradually be more complex. The continuous process could be applied to a web-

based platform where the relevant stakeholders would directly access the prototype. It would create 

an, easy-accessed, interactive community around the product development process where 

stakeholders are able to feedback in a real-time manner.      

The SEAM is about seeing the whole picture not just the technology and its benefits. The technology 

developer needs to understand the service and not only the product. Telehealth solutions often lead 

to disruption in the routine setting at a healthcare establishment. The healthcare professionals might 

not be able to make economic decisions but they are a vital part of the user stakeholder group thanks 
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to their detailed knowledge in current care methods and work patterns. An introduced technology 

might be, from the perspective of the technology developer, the answer to a need but it has to be 

applicable to the current routine setting. Otherwise, the staff will have a hard time adopting the 

technology. 

Today’s evaluation tool in healthcare implementation of new technology are perhaps asking the wrong 

questions, questions that are not applicable to the upcoming digital paradigm shift of telehealth. The 

patient soon wants to be more involved in their care; they will demand information and different 

solutions to their situation. Telehealth will change the way care is delivered and will open up an 

opportunity for the patient to manage their care. In turn, this will lead to a change in the relationship 

between patient and healthcare professionals. By changing the process of development of healthcare 

applications from the adversarial relationship between developer and healthcare organization of today 

to a more consulting and interactive relationship, including all stakeholders, the adoption to a 

successful innovation will be easier (Marshall, 2013). Instead of asking “Does it work?” or “Does it cost 

more than the current solution?” the question should be “How can we use it?” or even more “How 

can we adopt it effectively in to our environment?” 

6.4. After the pilot - embedding in routine settings 

As Marshall (2013) mentions, a high number of studies show that applications often reaches pilot-

testing but not further, that is mainstream adoption. The SEAM introduces a process of development 

were stakeholder involvement is crucial to reduce the barriers of implementation in healthcare. Apart 

from this, are there other factors active once the application is distributed and the process of 

implementation towards mainstream adoption has begun? The report has previously mentioned the 

determinants affecting the innovation process. To further evolve the theory around the adoption 

process and interaction between technologies and humans, an additional model is introduced. 

The Normalization Process Model (Elwyn et al., 2008) focuses on the final and hardest step in 

introducing an innovation to an organization, which is usage in the routine setting. What factors are 

affecting the stages in which an application is used in the everyday work? That is, what factors is 

determining a process leading to normalization? Is it then possible to, with data at hand, create a 

model were an outcome could be predicted? 

The model offers a way to understand the complex processes that leads to normalization, defined by 

the so called routine embedding of a practice (Ewyn et.al 2008). The focus lies on the collective work 

related to an implementation, the internal interactions, but also the external wider-scale 

organizational factors. It is about observing the process of implementation out of a sociological 

perspective.  

The model builds on a claim that states: 

 Innovations or changed way of managing tasks becomes routine practice in a social context as 

a result of people working, both individually and collectively, to implement these (May & Finch, 

2009).  

That is, the success of an implementation process and the process itself is about the organization of 

people and their interaction within a specific context over time (May & Finch, 2009). This leads to a 

conclusion of to understand how a practice, for example, a new way to perform a task, it is crucial to 

understand what involved people do and how they work. On this basis the model continues to define 

the four different components of work in relation to implementation, see Figure 4. 
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 Coherence 

 Cognitive participation 

 Collective action 

 Reflexive monitoring 

The components are in turn affected by different factors that promote or inhibits the process of 

embedding a practice in a routine setting. These factors are defined as organizing factors and 

immediate factors. 

 

 

 

 

 

 

 

 

 

 

 

6.4.1. Coherence 
Coherence is the idea that when a practice is introduced, the success of implementation is dependent 

on a set of thoughts about its meaning, uses and utility. The meaning of a practice is then combined 

with the defined and organized competencies. The two dimensions can in turn keep a practice 

together, develop it, share it and adopt it (May & Finch, 2009). It is defined as the sense making work 

consisting of four conditions: 

 Differentiation 

When an innovation is being introduced, the new practice is defined by its difference from 

already established practices. An example is applications in telehealth were new ways of 

communication, for example video, is introduced. The healthcare professional and patient 

have to organize themselves and the way they interact according to the innovation. 

 

 

Figure 4. The Normalization Process Theory. The model defines the four different components of 

participant initiated work in relation to innovation implementation. Based on an illustration by May & 

Finch, 2009. 
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 Communal specification 

As the name predicts, the common shared belief and understanding regarding a practice is 

vital for successful implementation. The participants work together to form objectives and 

understand benefits (May et al., 2010). An example could be a team leading a clinical trial, and 

how they work together to form an understanding of the relationship between the trial and 

certain elements of the clinical routine setting. 

 

 Individual specification 

As of communal specification, the individual participant needs its own conducting of sense-

making work related to a practice. It is important that the communal specification cohere with 

the individual specification. Communal specifications could presumably conceptualize 

objectives that will not agree with individual specification constructed from a participant 

actually performing a practice (May & Finch, 2009).  

 

 Internalized 

The practice of a new innovation is more than a set of defined and constraint ways of process 

tasks. When a participant is involved in the practice it creates a meaning is experienced, 

learned and shared along the way. The meaning is internalized, which means it reflects on 

other participants forming a promoting factor in embedding a practice surrounding an 

innovation in routine settings (May & Finch, 2009).  

 

6.4.2. Cognitive participation 
Cognitive participation is the work that people do to sustain a common practice around an innovation 

during an implementation (May et al., 2010). This is work that is defined by long interaction chains 

involving either highly focused patterns, such as enacting a routine laboratory experiment, or more 

diffuse activities, such as setting guidelines into action in large organizations (May & Finch, 2009). 

Cognitive participation as a concept could be divided into four components (May et al., 2010): 

 Initiation 

In the starting phase of an implementation it is vital to engage key participants to drive the 

process forward. In healthcare it often starts with a small group of managers or professionals 

who are accountable to develop procedures and engaging others to participate in the 

implementation work. 

 

 Enrolment 

A critical step in the implementation process is how the participants organize themselves to 

acquire an optimized collective work contribution in relation to a new practice. Enrolment is 

complex work which is affecting the established internal work relationship among the 

participants, both individually and between groups.  

 

 Legitimation 

Legitimation is treating the fact that ensuring that other participants involved in the practice 

insures themselves that it is right for them to be involved. Also, that engaged participants feels 

that they could contribute to the practice. This could be crucial in contexts were different 

participants act together to decide upon and organize procedures in making a practice 

generally implemented.  
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 Activation 

The last step focuses on how the participants will use the defined procedures and set them in 

to action in a, for example, clinical setting. It is vital to create procedures that could sustain 

long-term engagement in a practice, promoting the key participants to stay involved.  

 

6.4.3. Collective action 
With cognitive participation being the related work made to implement an innovation, the collective 

action is more about the operational work that participants do to engage in a practice related to, for 

example, a healthcare innovation (May et al., 2010). This work is located in the so called immediate 

conditions, created at the encounters between participants using the innovation or in the so called 

organizational conditions, structuring the immediate conditions (Elwyn et al., 2008). Two immediate 

and two organizational conditions are formulated below.  

 Interactional workability 

This condition refers to the work performed between participants or a set of parameters 

related to a practice in trying to put it into operation in, for example, a clinical setting. How an 

implementation of a practice impacts the relationship between, for example, healthcare 

professionals and patients. 

 

 Relational integration 

The condition of which participants develop an accountability of a practice through shared 

knowledge. It also express itself as belief and meaning, a confidence, in using a practice. How 

an implementation of a practice impacts the interrelationship and work flow between, for 

example, healthcare professionals. 

 

 Skill set workability 

Skill set workability refers to how work is distributed in relation to a new practice. It is 

important to divide work according to correct intellectual property, personnel availability and 

material resources to avoid loss in confidence in the practice or organizational inertia.   Which 

skills and knowledge that has be allocated or gathered in an organization to promote adaption 

in a routine setting.   

 

 Contextual integration 

This condition is regarding the resource work. It focuses on the contextual conditions of 

managerial decisions in the allocation of resources and the execution of policies (May et al., 

2010). How organizational resources, procedures and guidelines are supporting an 

implementation of a technology. 

 

6.4.4. Reflexive monitoring 
Reflexive monitoring is the work that participants engage in to understand how the innovation and the 

elements of practices related to it affects them and others (May et al., 2010). The monitoring process 

is made out of appraisals about the effectiveness and usefulness in reference to present shared beliefs. 

In early phases of implementation appraisals are often products from highly formal systematic 

information gathering, as the practice of an innovation is more and more embedded the appraisal 

transforms to informal in nature. Informal appraisal creates a valid sign upon which an innovation is 
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closing usage in a routine setting (Elwyn et al., 2008). As in the other components of the Normalization 

Process Model, there are four conditions defined: 

 Systematization 

The condition of systematization refers to the formality of the monitoring activity and the 

methodology of which it is performed. To understand the effectiveness and usefulness of 

elements in a practices a variety of data could be gathered. An example of systematization in 

relation to monitoring a practice is Randomly Controlled Clinical Trials, which is very formal by 

nature. The gathering of information could also be very informal, such as information 

extracted from care assistant anecdotes (May et al., 2010).  

 

 Communal appraisal 

Here, participants work in collaboration to, through formal, institutionalized and well 

organized procedures, interpret the information at hand produced from elements in a practice 

(May & Finch, 2008). To continue on previous example, a communal appraisal could be a 

product from a clinical analysis data meeting were a certain group involved in the practise 

analyse and interpret the result (May et al., 2010).  

 

 Individual appraisal 

In relation to communal appraisal the individual participant in turn produce a judgement on 

the effect that a new practice has on them and on their context. An example could be a nurse 

that experience complications with a new digital application. The new practice then adds to 

an already heavy workload and presumably affect the nurse in a negative way. 

 

 Reconfiguration 

In a combined effort, communal and individual appraisal could lead to a reconfiguration. In the 

reconfiguration gathered thoughts on the effectiveness and usability of a practice is used to 

modify or reconstruct it, even reconstruct the technological elements if the innovation is as of 

that nature. Reconfiguration is a very important step in embedding an innovation into a 

routine setting, this because of the feedback promoting coherence and common 

meaningfulness (May & Finch, 2009). 

 

To sum up. Above, a social theory is presented, focusing on the relation and interaction between 

participants and their appraisal of elements founding a practice around an innovation. The appraisal is 

built out of a both communal and individual judgement regarding the usability, effectiveness and 

foremost the perceived meaning of the practice.  

The profound meaning of practice is learned, shared and experienced by participants in the social 

context surrounding the innovation and internalized which then promotes embedding in a routine 

setting. The Normalization Process Theory is about different ways of work (sense-making, relational, 

operational and appraisal) connected to implementation and the social organization of this work. The 

work that involves the participants has in turn eventual outcomes depending on different factors and 

conditions.     
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6.5. Theoretical framework summary 

With a foundation anchored in a general theoretical framework related to implementation processes 

it is now time to analyse the framework, adapting the relevant theory to a structured pathway of 

implementation in a Swedish healthcare system context. The theory has treated identified key phases 

in the process of innovation and implementation aiming at healthcare services. Focus has been 

innovations of technology, specified as solutions within the telehealth area.  

Applications related to telehealth are becoming more and more recognized as solutions in a 

problematic healthcare system, pressured by cost-inefficiency, understaffing and higher demands in 

care delivery. The patient is changing its position from passive to active, collecting information about 

its condition, learning on its own and once contacting the healthcare professional the patient require 

a higher quality of care. Simultaneously demographic factors promotes an ageing population and with 

age comes, apart from eldercare, a higher frequency of chronically conditions and neurodegenerative 

diseases (Stroetmann et al., 2010).  

With telehealth applications the patient could stay at home, acquiring long-term care from its 

healthcare professional without visiting the hospital. The technology is already in place but the 

healthcare is traditionally conservative when it comes to innovations entering a routine setting, 

especially applications related to information technology. The models of implementation processes in 

healthcare are not adapted for telehealth (Marshall, 2013). These models are asking the wrong 

questions. The focus must shift from “Does it work?” to “How can we use it?” and from technology to 

a technology-stakeholder collaboration.    

The theory forms a foundation in the common assessment conducted in a evidence-based approach 

involving three dimensions related to the innovation; economy, organization and legal. With an 

innovation it is crucial in an early phase to identify, from assessing the dimension data, the innovation 

as potentially beneficial in a common perspective of the three dimensions. In the economy dimension, 

important answers to questions as to if the innovation could offer a value relative to the investment 

cost but also both long-term and short-term impact analyses are critical.  

The economical dimension is very correlated with the organizational dimension were the financial and 

the administrative flows are structured. Here, it is of importance to identify the organizational 

structure in the relevant healthcare setting, such as decision chains and reimbursement guidelines. 

These organizational factors could often vary between different healthcare sectors, whether primary 

care, secondary care or tertiary care. Last of the legal, including ethical, dimension is defined as laws, 

policies and guidelines, often national, in using a certain technology in healthcare.  

One of the important aspects of the dimension is the ethics revolving the relationship between the 

healthcare professional and patient. When introducing an innovation, especially a telehealth 

application, this could affect the care delivery and also the traditional way that a healthcare 

professional interact with its patient. The legal and ethical dimension is of high value to investigate in 

relation to the innovation. When it comes to applications connected to information technology used 

in healthcare, the legal system is not readily developed and adapted to the pace of development in the 

field (Telehealth Resource Centre, 2014).  

With a common assessment in place the next phase in theory is involving the innovation process 

defined as a four-step path beginning with the dissemination, continuing with the adoption, 

implementation and continuation (Fleuren et al., 2004). The transitions between the different steps 

are affected by promoting or inhibiting factors, or determinants, related to different perspectives of 
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the innovation at hand. Fleuren et al., 2004, identified 50 different determinations, all of which could 

affect the innovation process in the different steps. The determinants are in turn divided in to four 

categories on basis of the determinants characterization. The first category is defined by the 

determinants related to the innovation itself, as to its complexity or compatibility. The second category 

is formed by the determinants related to the user of the innovation, for example, if support is 

expressed from colleagues or knowledge. The third category is defined by determinants characterized 

by relation to the organization. This involves determinants as decision making processes or 

reimbursement. Last of, the category of socio-political context is defined by the determinants related 

to more ethical and regulatory questions as patient discomfort and adaptability to current legislations. 

It is of importance to identify relevant determinants that possibly could promote or inhibit the 

innovation process in the healthcare setting at hand (de Veer et al., 2011). Analysing the correct 

determinants and include the result when constructing the innovation strategy is a vital activity 

towards a successful implementation.  

Further it is of significance to, early in the development process if possible, to identify every 

stakeholder of relevance involving the innovation. Marshall (2013) argue that each stakeholder has 

different perspectives and values connected to the evidence-based approach of an application. In the 

Stakeholder Empowered Adoption Model, four categories of stakeholders are defined: 

 The healthcare professional 

 The patient 

 The healthcare organization 

 The technology developer 

These stakeholders have different perspectives a values, or goals, that they strive to acquire from an 

innovation. The healthcare organization needs the technology developer to prove that its application 

is effective and safe, at the same time, the technology developer needs to develop its application and 

service to fit the demand of the healthcare organization. These two stakeholders form an economical 

relationship between one another. Simultaneously the healthcare professional has a more complex 

user relationship with its patient.  

The technology developer should strive to find a common goal for all stakeholders, where the different 

values and perspectives are incorporated. The common goal should be the foundation of the 

development, without it, there is no initiative for development (Marshall, 2013). It is important to 

include the stakeholders through the whole process of development, but in different phases. The 

economic relationship, between the healthcare organization and technology developer, should be 

stable and close from a starting phase depending on the financial and determining nature. This 

relationship will form a development structure, incorporating the users, who are the healthcare 

professional and the patient, when the phase in the development process calls for it.  

An identified common goal, shared by all stakeholders, incorporated in the development process will 

promote the implementation process in a later step (Marshall, 2013). The development process could 

in turn be of an iterative nature with a usability focus, early on creating a prototype and in each 

iteration raise the complexity depending on stakeholder feedback. Visualization is the key to create 

implication understanding and engage stakeholders in the process of development. 

In above mentioned perspectives on implementation processes including among other organizational 

structure, financial flows, ethics and stakeholder empowered development processes there is one 

goal, the so called embedding of an innovation in the routine setting. This will allow the innovation to 

be used in mainstream clinical practices, that is, normalized. It the Normalization Process Theory (May 
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& Finch, 2009) the focus is instead on the interaction between an individual participant and a new 

practice following an innovation or service and also, the interaction between different participants in 

a communal manner. It is about the social context revolving an innovation and the identification of 

change that comes with a new practice. The theory could be used as an additional layer to the theory 

framework and the construction of a model striving for the goal implementation success. 

The Normalization Process theory treat aspects of the users alone and how these interact to organize, 

objectify, appraise and find meaning in an introduced new practice. It is built out of four main 

components: 

 Coherence 

The meaningful qualities of an innovation, such as experienced usefulness and efficiency. 

 

 Cognitive participation 

Engagement of individuals and groups, the organization, related to an innovation. 

  

 Collective action 

How the innovation interact with already existing practices.  

 

 Reflexive monitoring 

How the innovation is assessed and understood by the participants.  

The main components are following a pattern in turn affected by immediate and organizational factors 

defined as interactional workability, relational integration, skill set workability and contextual 

integration. May & Finch (2009) argues that the Normalization Process Theory could be used to 

construct a model that could potentially predict an implementation process. Using the components in 

the theory as variables and apply them on empirical observations used as weighted values, a potential 

implementation trajectory could be possible to calculate. The observations could be based in results 

gathered through quantitative and qualitative evaluations with participants (May & Finch, 2009).            

In the case of the PANDA launch project, the theoretical framework summarized above could be 

applied as a second perspective on the practical process of the application implementation. 

Connections with the theory, in some form verifying its formulation, could be identified already in 

the early stages of development. PANDA, in its original form, is developed as a collaboration between 

a healthcare organization, a university and actors active in technology development. This is in line 

with the theoretical statements of stakeholder engagement in the development process to acquire a 

higher success rate of implementation.  

Further through the development process, publications related to the result of clinical trials and a 

market analysis has been performed. Also, regulatory procedures have been thoroughly processed 

and set in effect. These aspects, in turn, represent the activities mentioned in the three dimensional 

evidence-based approach. The PANDA application, as a part in the telehealth area of medicine 

technology, will shift the practice of Parkinson´s disease treatment, while it is important to identify 

ethical factors and both user and socio-political context determinants. But also engage in qualitative 

measurements to collocate data revolving the actual usage of the application and approach 

questions as to how the participants engage in the practice of PANDA or how staff allocate 

themselves depending on the introduction of an innovation.    

Apart from the regulatory and ethical aspects it is important to evaluate the technical complexion of 

PANDA. This would in turn be acquired through, for example, usability testing with a focus on 
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feedback follow-up. A test conducted in daily practice will produce a valid measure on how well the 

innovation actually functions and in which aspect of the innovation that the participants find 

meaning and value. These identified facilitating and inhibiting factors defined from technology 

complexity and user interaction could further be applied to the application, promoting its usage.         
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7. A model for implementation 
From the theory section, a model for implementation of IT-solutions into the Swedish healthcare 

system has been created.  

The model consist of five phases, Assessment, Dissemination, Adoption, Implementation and 

Continuation, see Figure 5. The phases are seen as transitional steps in the innovation process, critical 

barriers to overcome towards a successfully implementation in a mainstream routine setting. The 

various phases take place in a continuous sequence, where the phases merge into one another as time 

progresses. Each phase includes a number of activities and to achieve progression in each phase, these 

activities must be performed in order to advance to the next phase. The activities are explained more 

thoroughly further on in this section.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Assessment is the first phase in the model, which includes the important information that is necessary 

before the implementation starts. Assessment consists of a current situation assessment, evidence-

based approach and innovation determinant factors. The current situation analysis is used to identify 

competitors, the company and the market. The evidence-based approach includes analysis of three 

dimensions concerning the innovation, the economic, organizational and legal and ethical dimensions. 

The Innovation determinant factors includes factors which can affect the whole process and are 

therefore important to consider. 

The second phase, Dissemination, is defined as a controlled spread (Rogers 1995) where the 

innovation or product is supplied to relevant healthcare professionals, identified as early adopters. To 

be able to succeed in this phase, introduction to stakeholders, usability test and feedback are 

important factors. The third phase is defined as Adoption, here the healthcare professional either 

Figure 5. The model for implementation of IT-solutions into the Swedish healthcare system consist of 
five phases; Assessment, Dissemination, Adoption, Implementation and Continuation. Its progressive 
process is defined by the promoting activities involved in each phase. The various phases take place in 
a continuous sequence, where the phase merge into one another as time progresses. The horizontal 
axis of the image is to be seen as a time axis, where Assessment is the first phase and Continuation the 
last. 
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respond positively or negatively to the use of the innovation. Important actions around this phase are 

to assess the feedback, application adaptation and adjustment and to establish a support management 

system. 

Implementation is the phase when the professionals start to use the innovation in a daily practice. To 

be able to succeed in this phase, it is important to assess the daily usage, develop education programs 

for the healthcare professionals, establish a payment model between the technology company and 

the hospital and formulate a market strategy. The last phase is Continuation, which is reached when 

the product is used in a more routine setting. Here the actions include to establish relations with 

additional key clients, marketing through key stakeholders, early adopters and interest groups. 

Continuation also includes to evaluate the support management system.  

7.1. Assessment 

Assessment is the first phase in the model, see Figure 5, which includes the important information that 

is necessary before the implementation starts. The Assessment phase will permeate and provide a 

basis of which to pursue the other parts of the model and the different activities included has been 

identified during this project. The Assessment phase consists of several activities as current situation 

assessment, an evidence-based approach including regulatory and ethical aspect and innovation 

determinant factors, see Figure 6. The various activities take place in a continuous sequence, where 

the activities merge into one another as time progresses. 

The first activity is a current situation assessment which describes the potential market segment and 

the needs that has been identified in the healthcare market. To put this in its proper context, a SWOT 

analysis (Shilling, 2010) identifies the strengths, weaknesses, opportunities and threats applied to the 

PANDA launch project, see Figure 7. An evidence-based approach is then used to analyse different 

dimensions connected to the innovation, such as economical, organizational and legal and ethical 

dimensions. The regulatory and ethical request has to be in effect and approved before moving to next 

phase. The innovation determinant factors is used as reference material and is important in all parts 

of the Assessment phase.  

The activities identified in this phase has been a result from both existing theory and interviews, as 

well as observations in the field.  

 

 

 

Figure 6. Assessment is the first phase in the innovation model, which includes assessment of the 
current situation, evidence-based approach, regulatory and ethical aspects and identification of 
innovation determinant factors. The various activities take place in a continuous sequence, where the 
activities merge into one another as time progresses. The horizontal axis of the image is to be seen as 
a time axis, where current situation assessment is the first step. The determinant factors are important 
during the whole phase, but can also be used as a last checkpoint before moving to the next phase. 
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7.1.1. Assessing the current situation 
Before engaging in constructing a solid evidence-based approach, it is important to acquire data 

related to the surrounding business environment of the innovation. The environment could be defined 

as the present situation and prognoses related to possible market entrance opportunity, identification 

of present and potential market segments, market dynamics, market growth rate, potential 

competitors and key stakeholders. That is, a market, competitor and stakeholder assessment which 

are crucial to identify opportunities and threats connected to the innovation (Götz, 2008). A thorough 

market assessment will also further strengthen the business case towards potential future investors. 

It also serves as an incitement for further development of an application that is in a conceptual stage.   

These assessments will identify the variables to create a scope in which to further proceed with the 

innovation process. The variables could be defined as a potential market segment with a prognosis of 

strong growth within a short-term time period and with a non-existent market leader. As for telehealth 

applications, the market is large with several differentiations and segments. Here, it is important to 

identify and focus on the segment best suited for the application at hand.  

A segment could for example be, as in the PANDA launch project, patients with Parkinson’s disease, 

which are patients in a certain age span with a specific neurodegenerative disease and the application 

is used in the patients’ home environment.   

For the PANDA launch project, the strengths, weaknesses, opportunities and threats are identified 

during the interviews presented below. A SWOT analysis is a method to analyse and identify the 

internal factors (strength, weaknesses) and external factors (opportunities, threats) for an 

organization, product, industry or a person (Shilling, 2010). These factors are summarized in Figure 7. 

Identifying strengths, weaknesses, opportunities and threats 
PANDA provides a visual representation of symptoms over time and makes it possible for healthcare 

professionals to better observe his/hers patients and individualize the treatment to suit their needs. 

In an interview with Susanna Lindvall, EPDA vice President, she expresses that a general problem in 

the treatment of patients with Parkinson’s disease is that the patients meet their physician too 

infrequently. Susanna also states that the communication between patients and physicians is of 

highest importance for a successful treatment.  

A similar opinion was expressed by Göran Einarsson, President of Parkinson’s Disease Association in 

Uppsala. He himself lives with Parkinson’s disease and he expresses that he would appreciate if his 

physician had more objective information about his state to base their decisions on in the adjustments 

of his treatment. He would also to feel that the healthcare takes more time for him in his treatment 

process.   

To summarize these statements from persons deeply involved in the daily life of persons with 

Parkinson’s disease it is clear that there is an overall desire to receive more attention from the 

healthcare. More attention includes better communication, more objective information and a sense 

of security for the patient. 

More attention from the healthcare to the patients can be achieved in different ways, but with today’s 

health economic situation, medical devices for care at a distance is the best solution. In an interview 

with Dag Nyholm, Docent at the Department of Neuroscience at Uppsala University Hospital, he 

expresses that the use of PANDA can provide a sense of security to the affected patient and relatives, 

mostly by regular check-ups. The check-ups will occur more frequently and in between the scheduled 

appointments at the hospital. PANDA may also give the healthcare professional a possibility to be more 

prepared for appointments with the patients. This in turn will give the patient a feeling of being noticed 
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by the healthcare. The use of PANDA will also give the healthcare professional and the patient a 

common language and improve the understanding between them.  

All these statements that confirm a need of an application like PANDA represents the strengths in the 

SWOT analysis of PANDA, summarized in Figure 7.  

 

 

 
In an interview with Sune Larsson, founder of Innovation Akademiska and Professor at the Department 

of Surgical Sciences at Uppsala University Hospital, he points out some of the barriers he has 

experienced when it comes to implementation of new telehealth technology into the healthcare 

system. He states that the healthcare has to change the way they work to be able to embrace 

telehealth. An example is that old prejudice against telehealth among the healthcare professionals, as 

something that only takes time and makes things more complicated, could be a threat. Another threat 

can be that patients are against the use of new technology. 

Today, the development speed in the area of telehealth devices is high, new products for evaluation 

and information gathering in healthcare are introduced in an increasing tempo and here another threat 

is identified. Because of the fast development and increased interest of the telehealth market the risk 

of competitors increase.  

Weakness that has been identified during the PANDA launch project, and with help from Göran 

Einarsson, is that the application may be too complicated and not intuitive enough for patients in the 

later stages of the disease who are more cognitively impaired, and that the application cannot yet be 

Figure 7. SWOT, Strengths, Weaknesses, Opportunities and Threats applied to PANDA. The SWOT 
analysis is based on interviews and information gathered in the current situation assessment. 
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downloaded to the patient’s own smartphone or tablet. Another weakness is the somewhat old 

fashion design of the PANDA application, which gives an unprofessional impression.   

The awareness of the unsustainable situation in the healthcare is increasing among healthcare 

professionals and in the healthcare organisation. Karin Rudling, Chief Physician at the Department of 

Neuroscience at Uppsala University Hospital, explains that she has experience it as people start to 

understand that a more long-term thinking is needed. She also states that in general the healthcare 

professionals are both willing and good at embracing new technology but the healthcare system might 

not always be as eager. 

These are some opportunities and threats in the PANDA launch project, together with new payment 

models that will be more closely described later in this chapter under Economical dimensions.  

 

7.1.2. The evidence-based approach 
During the first phase of the model the focus lies towards a contextual perspective surrounding the 

innovation, whether it is a completed application, concept or idea. Here, it is of importance to analyse 

different dimensions connected to the innovation to acquire a base of information which could further 

be applicable in constructing a successful innovation strategy.  

The result could be defined by the term of an evidence-based approach mentioned in the theory by 

Stroetmann et al. (2010). That is, identification of the aspects regarding in which ways the innovation 

could improve efficiency in the relevant healthcare setting with the aim of systematic implementation, 

embedding, in routine practise. Already at this phase it is important to keep in mind the aspect of not 

only focusing on the innovation itself but also the practise around it, such as the usage and the change 

of work, and the organization of work that the usage of the innovation will promote. Marshall (2013), 

establishes the transition of perspective from “Does it work?” to “How can we use it?” as a focus in 

application development. A perspective that forms a guideline for the three dimensional assessment 

conducted through the evidence-based approach are economy, organization and legal and ethics. 

Economical dimension 
As a vital part of the assessment, the economical dimension forms a large component in pursuing a 

successful implementation. It asks the important question of how a healthcare establishment will 

benefit from the innovation in relation to the invested capital ensuring a national implementation. 

That is, the financial impact of the innovation. The impact could be calculated on a national scale while 

other societal services, for example social and eldercare, could be affected by the innovation. This 

scaled up economic analysis is especially important for telehealth applications, when incorporating 

other services and connecting them to healthcare. 

When introducing PANDA into the healthcare systems, mainly at Uppsala University Hospital and 

Karolinska University Hospital, some economic issues have been identified. In an interview with Karin 

Rudling she says that an overall issue, when introducing new technology, are the payment models. 

Today, the hospital gets paid for each patient visit, instead of for a whole treatment process. This is 

not the best payment model to promote the use of telehealth applications, because with no patient 

visit there is no reimbursement for the hospital.   

Applied to PANDA, payment models could be a problem since PANDA is striving to make it possible for 

the patients to remain at home and not have to come into the hospital for visits. 

The timeframe of the financial impact is also of importance. An innovation could be economically 

successful in a short-term basis although dynamic factors could alter the prognosis in a long-term 
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perspective. Here, the financial prognosis could include a set of different scenarios with long-term 

outcomes and identified high risk factors. A common focus of the analysis should be the value made 

possible because of the innovation, both in the relevant healthcare setting and in the societal and 

health economical perspective. In the case of a telehealth applications, enabling quality care in the 

patient’s home environment and a well-treated patient as an outcome, it would lead to reduced 

pressure and costs on the healthcare establishments. Simultaneously, this would make it possible for 

the patient to continue working for a longer time, and thus returning the innovation investment 

through tax payments. 

Mini-HTA 
In the end of 2013 the county council in Uppsala County released a so called Mini-HTA, see Appendix 

3. This is defined as a reduced version of a HTA, which is a Health Technology Assessment. When 

introducing a new technology in a healthcare setting a Mini-HTA works as a protocol and a checklist of 

what is needed when an innovation strives to be implemented into the system. The main difference 

from a regular HTA is the included section of a contextual aspect as to the three dimensional structure 

explained in this report. A Mini-HTA is a sign of change when it comes to healthcare implementation 

processes and adaptation for future technologies. 

In an economical dimension, an analysis of the Mini-HTA could act as a complementing guideline to 

attach to the evidence-based approach, further strengthening its focus. In the Mini-HTA the 

economical dimension is founded in four main questions, see questions 13-16 in Appendix 3. 

 Which investments are necessary related to the innovation in the case of equipment, 

structural and organizational changes and possible education? Is there an existing financial 

plan and prognosis? 

 Which are the expected costs on a yearly basis related to amortization, staffing, service and 

other cost related to management? 

 Which revenues are expected related to the innovation? This should be analysed both on a 

national, regional and county scale.  

 How would the innovation affect other services in the healthcare establishment itself, county 

or region? 

 

Organizational dimension 
Closely related to the economical dimension is the structural analysis of the relevant organization. The 

organizational structure defines the financial and information flow in a healthcare system. The 

structure could often be complex and varying through different regions and counties. Healthcare 

systems are often differentiated between primary, secondary and tertiary care, all with own financial 

and administrative models. 

It is important to map out the organizational structure in were the innovation is aiming to be 

implemented. The organizational analysis enables optimal adaptation of the innovation to the current 

model of practice through identifying organizational factors that will promote or inhibit an 

implementation.  

One of these factors are models of reimbursement, systems of innovation incentives or specific 

regulatory issues (Stroetmann et al. 2010). Models of reimbursement are financial models of how the 

participant in a practice acquire economical reimbursement when using an innovation. From an 

interview with Anna Attefall, Project Manager at Innovation Akademiska at Uppsala University 

Hospital, she explains the model of reimbursement that Innovation Akademiska uses when a clinic at 
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Uppsala University Hospital for example participate in a usability test for a new innovation. This 

possibility is a valuable support for smaller technology companies that may not have the resources to 

finance a usability test by themselves.   

Organizational analysis also incorporates the administrative flows involving decision chains, 

information management, infrastructure and foremost, staffing allocation. Important questions to 

identify would be how the practice of a telehealth application would alter the existing practice in the 

case of organizing staff and how the members of the staff would receive and adhere the new practice. 

The financial aspect of the relevant organization as well as the administrative and social factors 

affecting an implementation is equally important as will be mentioned further in this section. 

Karin Rudling mentions, from an organizational point of view, that it is not just about introducing new 

innovations into the healthcare, but also to phasing out old technology. She does not see this as a 

problem from the hospital staff point of view, but instead it is the hospital system that is not adapted 

to it. 

During the interviews at Uppsala University Hospital and Karolinska University Hospital, we have 

identified some general concerns and inhibiting factors regarding the implementation of new 

innovations. Partly, the healthcare professionals mentioned a resistance for established procedures to 

change, and also a concern that their time consumption shifts from the patient to the computer.  

From the interview with Sune Larsson, he identifies that time is the largest obstacles concerning new 

innovation in the healthcare systems, he says that the employees often enjoy new technology, but 

there is not enough time to learn. Sune also mentions the reimbursement and payment models as 

important factors for the progression of telehealth use. Another important aspect is the 

communication between healthcare and technology companies, since the acclimatization will be 

shorter if the technology fulfils the actual needs that exist in the relevant healthcare systems. 

Apart from external communication and informational flow between the healthcare organization and 

the technology developer, a contributing inhibition towards innovation is identified in the internal, or 

the lack of, communication. Linda Svensson, Clinical Innovation Fellow, mentions that every healthcare 

organization has its own internally functioning administrative system. This system is further divided 

into separate systems, connected to an individual department. She also notes that very few of these 

individual systems are integrated with each other. There is much left to do in this area, but the process 

is slow. A non-integrated system could lead to logistical malfunction in transporting information 

between departments resulting in affecting the patient negatively.  

This fragmented structure of information technology has been identified as a common parameter 

among the respondents and could be seen as an inhibiting factor related to further implementation of 

telehealth application systems. In the case of organizational structure it suggests that an 

implementation model has to be constructed in a two-way engagement manner, focusing on the 

quantitative assessments and implementation activities performed in collaboration with the key 

stakeholders.     

Linked to the determinants by Fleuren et al. (2004), determinants number 39-44 (see Appendix 1) are 

applicable to the organization and discuss the reimbursement model to facilitate extra effort in 

applying the innovation. Another aspect that affects the implementation is resources made available 

for implementing the innovation, for example equipment, manuals and administrative support 

available to the users. Also, the availability of time and staff responsible for coordinating 

implementation in the organization affects the outcome.  
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Karin Rudling mentions the Mini-HTA, see Appendix 3, as a way to ease the implementation of new 

technology through prior discussed questions. In the Mini-HTA, conducted by Uppsala County Council, 

four questions addresses the organizational dimension, see question 9-12 in Appendix 3. 

 How will an implementation of the innovation affect the staff in the case of training, 

information and working environment? 

 Will an implementation of the innovation be able to be conducted within the existing 

establishment? 

 Will the implementation of the innovation affect other services in the in the healthcare 

establishment itself, county or region?  

 When is the implementation period due to begin? 

 
Legal and ethical dimension 
The third dimension assessment to be included in an evidence-based approach is treating the 

perspective of legal and ethical aspects of the innovation, an important part to consider when it comes 

to applications aiming for healthcare practices. First off, it is crucial to acquire a well-defined view on 

which regulations and legal attributes that are required in accordance of the relevant healthcare 

system. As for the organizational dimension, these regulatory and legal requirements vary, although 

mainly on a national scale. Also, the nature of the innovation itself will shape the construct of the legal 

base. When it comes to telehealth applications, one critical legal aspect is for example the security of 

data transfer between devices and the data storage centre. 

From a regulatory standpoint, a medical device is categorized into four different classes, each in 

accordance to the function of the innovation and the planned usage (Läkemedelsverket, 2014). For 

most non-invasive and non-sterile usage applications, as is the case of most telehealth monitoring 

applications, the first level of classification is often sufficient. In the Swedish healthcare system a 

medical device is obligated to approval, classification and registrations with the Medical Product 

Agency before usage. Another regulatory issue that is important to acquire knowledge about is the CE 

marking of a product, which is the fulfilment of EU requirements on health, safety and environment 

(Europeiska Kommissonen, 2014). To begin a process of implementation in the Swedish healthcare 

system, a CE approval before introduction is a primary demand. 

For the technology developer that provides a medical device, ISO 13485 specifies requirements that 

the medical device needs to fulfil. ISO 13485 gives the company regulatory requirements applicable to 

medical device as CE-marking class 1 and 2A, according to Medical Devices Directive 93/42/EEC (MDD). 

ISO 13485 is based on ISO 9001, but has higher requirements according to formal documentation and 

product safety. ISO 9001 on the other hand requires continual improvements and stricter 

requirements regarding customer satisfaction (International Organization for Standardization, 2003). 

In the perspective of clear, accessible information regarding the regulatory structure of medicine 

technology and its implementation process into healthcare, we experienced a complex environment. 

Often the information was contradictory and not structured in the sense of a process related nature. 

This observation lead us to include an assessment phase involving, among other, a regulatory process 

prior to the dissemination phase. This, to prepare the application by creating a solid foundation 

resulting from the evidence-based approach. 

The regulatory preparation should involve activities as to applying for relevant certifications and set in 

effect the necessary demands formulated by the healthcare system. A useful guideline would for 

example be the Mini-HTA constituted by the County Council of Uppsala. The process of regulatory 
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preparation will streamline the forthcoming innovation process. This step would also require the 

development of close relationship with the accountable member of the healthcare organization. 

In the PANDA launch project, we have acquired the necessary regulatory certifications through the 

development process phase itself. With the regulatory prepared application, the response from 

Uppsala University Hospital as a first healthcare organisation stakeholder was swift, although several 

more preparations could have been performed before entering the dissemination phase. In the latter 

part of the assessment phase we identified and developed a cooperation with the Innovation Centre 

at Uppsala University Hospital, Innovation Akademiska, which is an accountable member of the 

relevant healthcare organization. 

Karin Rudling comments on the introduction process of new technology in relation to the complex 

regulatory processes. In previous healthcare systems the physician acquired direct contact with the 

product, started a test period and further engaged it in routine usage if the product seemed to promote 

positive results. 

Through observing the process first-hand, we concluded that a thorough assessment was necessary 

from the technology developer. But also, a further established regulatory process adaptable to the 

nature of the application is required from the healthcare organization and clear definitions of such, 

perhaps formulated in a protocol. The assessment phase will improve the application as well as reduce 

workload and inertia on the department accountable for application implementation, in this case 

Innovation Akademiska. The phase will in turn increase success of routine embedding. 

Stefan Åsberg, Healthcare Market Consultant, comments on an interesting aspect which places the 

Swedish healthcare innovation system in an international perspective. He mentions that the Nordic 

countries, with Sweden included, are actually well positioned when it comes to general 

implementation processes related to new technology. In Europe, the Netherlands is equally positioned 

on the forefront of innovation implementation. In other European countries this level of high-end 

innovation systems are more regionally contained in certain cluster formations. 

The reason, he argues, behind the establishment of a successful innovation environment within the 

healthcare sector, especially in the Nordic countries, is the well-developed IT infrastructure. As to the 

Nordic countries, this structure is “among the best in the world”. Although, because of Sweden’s early 

adaptation of Electronic Health Records (EHR), the IT systems related to patient journals has grown 

outdated and fragmented. From an innovation promoting aspect, an outdated and non-compatible 

patient journal system creates inhibition determinants of an innovation adoption, especially against 

the IT related applications of telehealth. The aspect of a complex and ageing internal structure of 

communication between IT components, reducing integration and thereby innovation promotion, is 

identified as a common subject in the interviews.       

A second aspect related to the dimension is the ethical perspectives of an innovation, an important 

component ever present when it comes to medical devices. The ethical issues of an innovation focuses 

on the non-technical contextual effects related to the usage of the innovation. In the case of a 

telehealth application this would refer to how the patient will be affected by the usage in relation to 

privacy, security and care quality. An introduction of a new technology that will shift the existing 

delivery of care will also change the traditional and fundamental relationship between the doctor and 

patient. It is important to not only focus on the technology itself but include the user perspective as 

well and how the technology will affect its users from an ethical perspective. Telehealth, as a care 

delivery process, is still relatively new to the healthcare sector, whereas an international commonly 

legal and ethical structure is still under development. 
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Within the Mini-HTA, Uppsala County Council has defined the ethical reflection upon an innovation 

aiming for implementing in healthcare with two guiding questions, see questions 7-8 in Appendix 3. 

 Is the innovation expected to affect the patient related to its quality of life, social situation or 

daily work beyond the previously mentioned health related effects? 

 Does the implementation process of the innovation requiring any ethical considerations what 

so ever? 

Apart from the ethical aspects formulated in the Mini-HTA, guidelines for regulatory and legal issues 

are handled separately. These are best identified and structured through the Medical Product Agency. 

7.2.  Dissemination 

Dissemination is defined as the first phase in the innovation implementation process (see section 4.2.). 

Rogers (1995) describes dissemination as a controlled spread, regarding healthcare innovation 

implementation that refers to when the innovation is supplied to relevant healthcare professionals. In 

this model, Dissemination is following the Assessment phase making it a second phase, formulating 

the first activities executed in the application practice. Activities identified in the Dissemination phase 

contains of identifying early adopters, usability tests and feedback compilation, see Figure 8. The 

various activities take place in a continuous sequence, where the activities merge into one another as 

time progresses. 

The activities identified in this phase has been a result from both existing theory and interviews, as 

well as observations in the field.  

 
To achieve a successful dissemination phase it is important, preferably early in the process, to convince 

important stakeholders who will act as a sort of ambassadors for the product. In the model we have 

defined these as early adopters, involving user stakeholders as to both patient and healthcare 

professionals. In the case of patients it is of importance to identify opinion leaders and sources of 

informational nodes in the relevant field related to the application usage. With healthcare 

professionals, early adopters could be defined as champions, renowned actors in their field and a 

driving force in the change process of healthcare through technology.  

Figure 8. Definition of the main activities in the Dissemination phase, consisting of identification of 
early adopters, usability test design, execution and feedback compilation. The various activities take 
place in a continuous sequence, where the activities merge into one another as time progresses. The 
horizontal axis of the image is to be seen as a time axis, where identifying early adopters is the first 
step and the feedback compilation is the last step. 
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In the PANDA launch project we early introduced Göran Einarsson and Susanna Lindvall, as two highly 

influential actors among Parkinson’s patients both on an international and regional scale, to PANDA. If 

they believe that the product is valuable to the treatment process from a patient stakeholder 

perspective, they will most likely talk about it with people in their surrounding and promote the 

forthcoming implementation, but also founding an early market establishment. In the case of 

champions in healthcare we identified Dag Nyholm, a renowned physician within the field of 

neurology. Dag has a great interest in innovative technology that could support his practice in treating 

persons with Parkinson´s and promotes the implementation of applications related to telehealth.   

In the dissemination phase it is advantageous to engage in a close relation with the innovation centre 

at the hospitals where the dissemination will occur.  Examples of innovation centres are Innovation 

Akademiska at Uppsala University Hospital, Uppsala University Hospital, and Innovationsplatsen at 

Karolinska University Hospital. The innovation centres function as a gateway into the healthcare 

organization when it comes to the implementation process. A close collaboration between the 

innovation centre and the technology developer, establishing a two-way formal connection, 

encourages a proper adaptation of the application at hand, promoting the progress of dissemination.  

The innovation centre, as a function, is a relatively new concept in the healthcare organization. Their 

main ambition is to develop the possibility to use the hospital as a test bed for products aiming for 

usage within the hospital setting, either to raise care quality or improve delivery efficiency. They have 

a large network within the hospital and can connect technology developers with clinical experts and 

arrange collaboration with the aim to favour development of medical products and ideas.  

In the PANDA launch project, when collaborated with Innovation Akademiska, we identified a more 

structured development and implementation process regarding internal innovation. Although, we 

acquired a collaboration with Innovation Akademiska as external technology developer and a more 

structured process could be suggested to improve the implementation. The improvement would in 

turn result in a reduced workload for the innovation centre and higher implementation success rate.  

Sune Larsson says that the innovation centres encourage the companies to involve users early in the 

development process, to make sure that the product matches a need within the healthcare. To favour 

this they can offer usability tests. A usability test is a test of the product in the environment and under 

similar circumstances to where it is supposed to be used in the future.  

During our interviews with Innovation Akademiska, they guided us in how the innovation process at 

Uppsala University Hospital works and supplied us with material which helped us ease the 

implementation phase later on. For example, to be able to perform a usability test, Innovation 

Akademiska designed the test in collaboration with us and the neurological clinic. Further, the 

innovation centre will reimburse the clinic for the extra work created with the healthcare professionals 

conducting the usability test in the clinical setting. The usability test generally involves a smaller 

amount of patients and healthcare professionals who after the test period will evaluate their 

experience of the product, through interviews and questionnaires. 

In the PANDA launch project we will perform a week long usability test at Uppsala University Hospital, 

which will involve six patients and three physicians. After the test these will answer a questionnaire 

regarding their perceived usability of PANDA. The questionnaire is based on IBMs questionnaire for 

usability tests. The questionnaire comes in two types, one for patients and one for healthcare 

professionals, for further information on content see Appendix 2. 

After the test period, the feedback from patients and healthcare professionals is collected and 

compiled to be evaluated in a following activity. The compilation of feedback involves both the 
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information acquired from the patient and healthcare professional questionnaire and quantitative 

information gathering through interviews with both user groups if possible. The feedback compilation 

process is a primary activity in, not only, the dissemination phase but through the entire model, 

although gradually reducing in intensity along the way.  

The activity of user evaluation could be connected certain perspectives mentioned in the 

Normalization Process Theory (May & Finch, 2009), where the implementation process is affected by 

the change work of social context. That is, how the staff at the relevant department arrange their 

participation in the new practice created by an innovation but also, how they find meaning and value 

in the practice of an innovation. These aspects are highly relevant to investigate in a dissemination 

phase and, as mentioned, through the whole progress of implementation while the contextual 

engagement could alter with time and usage. When designing a qualitative evaluation, certain 

parameters defined in the Normalization Process theory could be used as a foundation to acquire 

useful results regarding the practice of the innovation. These parameters is defined as coherence, 

cognitive participation, collective action and reflexive monitoring, all composed by variables defined 

by the healthcare professionals’ interaction and judgement of the innovation. Further information 

could be found in section 4.4.    

7.3. Adoption 

Adoption is the third phase in the model and is defined as to where the innovation has started to be 

adopted into the organization. Adoption follows the Dissemination phase in the model, see Figure 5. 

The healthcare professionals will in this phase give valuable feedback of how well the system works 

according to existing systems and routines, which is actual clinical usage in a daily practice setting. The 

activities identified in the Adoption phase are assessment of feedback, adjustment of application 

through collaborative engagement and development of educational programs, see figure 9. The 

various activities take place in a continuous sequence, where the activities merge into one another as 

time progresses. 
 

 
The activities identified in this phase has been a result from both existing theory and interviews, as 

well as observations in the field. Below, each activity will be described in more detail. 

Figure 9. Definition of the main stages in the Adoption phase, consisting of assessment of feedback, 

adjustment of application through collaborative engagement and development of educational 

programs. The various activities take place in a continuous sequence, where the activities merge into 

one another as time progresses. The horizontal axis of the image is to be seen as a time axis, where 

identifying assessment of feedback is the first step and educational programs is the last step. 
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Through the usability test period, important feedback regarding both positive and negative aspects of 

the application has been acquired. Connected to the theory of innovation determinants affecting the 

progress of implementation, these aspect could be translated into promoting and inhibiting factors. It 

is of importance to acquire knowledge of these factors early in the process to be able to adjust the 

application on basis of the user interaction, without increased development costs. An initial activity in 

the adoption phase is therefore defined as an assessment of the acquired information gained from 

the usability test. The result of the assessment creates a user focused perspective on functionality that 

in turn could be applied to the application.  

An activity following the feedback assessment is improving the product through adjustments and 

adapting it to any possible new conditions and also to investigate how the product will be used in daily 

work. A question that forms a guideline of the process could be: 

 What are the routines in this division and in what way will the product improve their work?  

It is possible that the product will not be used the way it was thought from the beginning. In interviews 

with Stefan Åsberg and Dag Nyholm, they express that new company that has developed innovations 

tend to have problem with the adopting phase if they are not adjusted to the healthcare routine. The 

innovations also often tend to be used in a different way as first proposed. 

From the theory of innovation determinants, the characteristics of the adopting user is often relevant 

in this phase and will influence the progress of the phase. Important questions to be aware of are for 

example, how much knowledge that is required to actually use the technology effectively in practice. 

Healthcare professionals that perceive themselves as more secure in using the technology at hand are 

more likely to use the innovation in a routine setting (de Veer et al., 2011). If the innovation is supposed 

to be self-explaining it is important to verify this aspect, or otherwise make instructions available in a 

manner that fit the user or the healthcare professional. 

Adoption is not only a phase focusing on the technical aspects of innovation, it is also engaging factors 

connected to the social context. According to the theory, factors of social context could apply to how 

participants start to organize themselves in relation to the innovation, but also what appraisal they 

apply to the value of the innovation in the case of care delivery. According to Sune Larsson, it is 

important to make time for the healthcare professionals to adopt to the new innovation and to provide 

educational sessions where they can see the benefits with the new innovation and learn how it is 

supposed to be used. These aspects could be improved through close collaboration with the healthcare 

professional, where qualitative sessions of application and service evaluation is a primary activity.  

Clear and effective education in handling an introduced application is also regarded as one of the 

foremost promoting factor of implementation success according to de Veer et al. (2011). Specific 

educational programs could be developed from qualitative evaluations in corporation with the 

participants to identify the primary parameters related to the usage of the application that could 

create implementation resistance, which are inhibiting determinants. Further, continued technology 

coaching related to the practice in the case of system upgrades or consulting connected to the support 

management is also recommended as an incorporated component of the model. 

Characteristics of the organization are also important while talking about adoption. One example is 

regarding structural complexity of the organization and sacrifices, such as time and money, they are 

prepared to spend to assure a positive adoption.  
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7.4. Implementation 

Moving successfully through the Adoption phase, the process transcends into the Implementation 

phase, see figure 5. According to the theory of de Veer et al. (2004) the implementation phase is 

defined as where the healthcare professional begin to use the application in daily practice and 

experiencing its benefits but also its weaknesses. Activities in the Implementation phase consists of 

assessment of daily usage, establish support management system as well as payment models and 

formulate a marketing strategy, see Figure 10.  The various activities take place in a continuous 

sequence, where the activities merge into one another as time progresses. 

The model focuses on assessments of a thorough usability testing, where the application is tested in 

settings of daily practice related to the relevant healthcare establishment. This approach will in turn 

promote the success of the application in the implementation phase while there is a greater 

opportunity to in beforehand identify promoting and inhibiting factors connected to the application. 

Further, it is of importance to acquire knowledge through qualitative data gathering with users and 

managers focusing on their adaption to the new practice. Also, establishing a dialog and not a mere 

gathering activity could create a sense of involvement with the users, while their feedback acquires 

response, driving the innovation process forward. 

When the application implementation progress through the implementation phase and further 

towards embedment into the routine practice of a healthcare establishment, it is of importance to 

develop an adaptable support management system. In the case of one or a few site implementations, 

the support function could be personalized to the participants of the current practice and constructed 

through evaluation measures in collaboration with user and economic stakeholders. To complement 

user identified inhibiting factors in relation to the application, a failure protocol constructed from 

potential system failures identified in the development process and usability testing could be 

introduced.  

To engage in daily practice is equivalent with a higher frequency of application usage. Still, it has not 

reach an embedment in the routine setting or a mainstream spread. In the implementation phase the 

application is only used in one or a few practices. In the case of a telehealth application as PANDA, this 

could for example involve usage in one renowned neurology department. From a business perspective, 

Figure 10. Definition of the main stages in the implementation phase, consisting of activities revolving 

assessments of daily usage, establishing support management system as well as payment models and 

formulation of marketing strategy.  The various activities take place in a continuous sequence, where 

the activities merge into one another as time progresses. The horizontal axis of the image is to be seen 

as a time axis, where assessment of daily usage is the first step and market strategy is the last step. 
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a payment model should be discussed with the healthcare management which in turn applies for 

capital from county council management to encourage progress to mainstream implementation. 

Stefan Åsberg explains in an interview that when it comes to telehealth applications, payment models 

could be complex and also be formed in different ways to suit the specific innovation and situation. 

The application creates a service of continual informational flows connecting the patient and 

healthcare professional at a distance. This separate the practice from the traditional one visit-one 

measure structuring the common payment model today. One example of a payment model related to 

telehealth applications could be that hospitals pay for information access or periodic usage of the 

application and service. One possibility is also to involve the patients in the payment model, that the 

patient pays a fee to get access to the application.  

Successful dissemination and implementation activities, such as usability tests, could be used as 

marketing material in further spreading the application to mainstream usage and routine embedment. 

Success with key establishments and user champions will produce a valid foundation upon 

constructing marketing strategies further expanding market share.   

In the PANDA launch project a usability test at Uppsala University Hospital is planned. If the test shows 

positive results and user satisfaction from the healthcare professionals, it could be used as a promoting 

factor in constructing a marketing strategy and further market access.    

7.5. Continuation 

The final phase of the model is defined as the Continuation phase. In this theoretical defined phase, 

the implementation is fulfilled and usage in routine settings is established. As a complement to the 

theory on continuation, the Normalization Process Theory, founded by May & Finch (2009), defines 

the process of embedding a practice in a routine setting with focus on social interactions and patterns 

surrounding an introduced technology in healthcare. The Continuation phase consists of activities 

focused on routine usage and further application establishment. The various activities take place in a 

continuous sequence, where the activities merge into one another as time progresses, see Figure 11. 

 

In the continuation phase it is of importance to establish relations with additional key clients to further 

spread the application to other sites. The aspect of successful routine usage in a single renowned site, 

Figure 9. Definition of the main stages in the continuation phase, consisting of activities focused on 
routine usage and further application establishment. The various activities take place in a 
continuous sequence, where the activities merge into one another as time progresses. The 
horizontal axis of the image is to be seen as a time axis, where establish relations with key clients is 
the first step and the post-market surveillance is the last step. 
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as a key healthcare organization, could act as a promoting factor in the implementation process on 

several additional establishments.   

Marketing of an application in the healthcare sector marks a unique case. A successful strategy is to 

encourage, as previously mentioned, technology champions and leaders of patient interest groups to 

promote the usage of the application, focusing on the positive result in daily usage. Additional 

marketing channels is the important technology promotion through key opinion leader groups. These 

will act as lobbyists, spreading the statement of usage in a national and international setting, adding 

value to the application through their renowned status.   

In the continuation phase, scaling is an aspect to consider when striving towards mainstream usage on 

a national or international level. Here, it is important to evaluate the previously developed support 

management system, adapting it to an additional site scale without reducing quality.  

Together with designing an adaptable support management system covering the crucial aspects of in-

case-of protocols when it comes to device malfunctioning, it is in a technology developers and 

authorities interest to collect statistics of device performance. These performance statistics is acquired 

through certain processes defined as post market surveillance (FDA, 2014) and are used to evaluate 

the device from the perspective of a larger scale usage.  

Anna Attefall emphasize that the company has, according to regulatory requirements, a responsibility 

to continuously monitor the performance of their device or application as long as it is in use. This 

responsibility includes having a plan and a routine for how to collect information regarding accidents, 

deviations and complaints, from whom and when. Of course the information is also useful to identify 

clinical outcomes and aspect of usage in a real-world setting. The data should be used in forthcoming 

development and support processes. The best example of post-market surveillance source of 

information, Anna points out, are the users, active inside the relevant organization. 

In the case of applications within telehealth, a post-market surveillance system could include an 

automated or manually controlled one-way communication where, in the case of malfunction, the 

application or user of such, sends a message to a storing database. This communication could in turn 

be connected to the support management, allowing quick response if necessary. The post-market 

surveillance systems is often structured as a collaboration between the technology developer and 

specific authorities, involving for example the FDA in USA or the Medical Products Agency in Sweden. 

Support and post-market surveillance is important aspects to consider when the medical technology 

product progressing in the continuation phase and reaching a larger market.      
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8. Conclusions 
The implementation of new technology into the healthcare sector is a long and time consuming 

process. A resistance that could be defined as primary inhibiting factors, for example an innovation 

affecting the existing routine procedures, could cause a change in practise. But also, concerns about 

time consuming activities as to instructions and learning processes. Further, a fundamental inhibiting 

aspect of consideration is the distinct lack of communication and information exchange between the 

healthcare organization and the technology developer. This aspect includes the poorly functioning 

administrative integration within the healthcare organization, leading to the cause of inefficiency and 

innovation reluctance, thus reducing the promotion of information pathways connecting external 

actors.    

During this study, the observations has correlated well with the theoretical perspective in aspects of 

identified problems when implementing new technology and also which key components that are of 

importance to consider in the construction of a model.  

Parallel to the launching of the Parkinson’s Digital Assessment (PANDA) application, an 

implementation model has been established which explains the correlation between the theoretical 

framework and field observations. The model consists of five phases:  

 Assessment 

 Dissemination 

 Adoption 

 Implementation  

 Continuation  

The phases can be seen as transitional steps in the innovation process, critical barriers to overcome 

when the target is successful implementation into the healthcare system. In the case of PANDA, the 

process of progression has passed assessment and are currently involved in activities related to the 

dissemination phase. The aim is that Cenvigo continues the progress towards the remaining phases 

during the next few months. 

Assessment includes the important information that is necessary before the implementation starts, 

for example, a current situation analysis, an evidence-based approach on the three dimensional 

innovation context and innovation determinant factor assessment. Dissemination includes usability 

tests and feedback to fulfil the demand from the healthcare organization. Adoption involves the 

collocation of feedback, improving the product and adaptability according to healthcare system to 

assure a positive adoption. Implementation requires identification of the actual customer and the 

formulation of a proceeding marketing strategy. The final phase is defined as continuation and its 

phase is reached when an application and service is embedded in a routine setting. Activities in relation 

to the continuation phase involves further structuring of support management system, adapting it to 

routine usage, but also marketing activities aiming to engage additional key clients.  

The purpose of the model is to be used both for prospective and existing applications in the segment 

of small and medium enterprises active in the medicine technology sector, especially focused in ICT 

services. The structure of the model is designed to promote a co-design or a common value principle 

of development and practice regarding an innovation. This design allows the identified key 

stakeholders engage in the implementation through quantitative measures depending on stakeholder 

type relevance and time consumption. By connecting actors from both technology and healthcare in 

close relationships the actual needs of healthcare professionals could more effectively be identified 
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and developed into a solution, a result from the amplification of a two-way engagement. The outmost 

aim is to serve as a catalysing factor, complementing the implementation models of healthcare in 

Sweden today.  

Recommendation 
Based on the conclusion we can see a need for facilitating the implementation process of new 

technology into the healthcare systems. Through observations it is apparent that a well-structured 

standardized model of implementation, from a telehealth technology development perspective, is 

non-existing.    

This model offers the necessary input that many technology companies lack. We therefore recommend 

Cenvigo to continue to develop the model during the last step in the process of launching PANDA, and 

parallel use this model as a business model mainly for technology start-ups and larger foreign 

companies that has not yet established pathways into the Swedish healthcare system. 

We also recommend Cenvigo to continue the collaboration with innovation centres to offer the best 

service. This collaboration could, in a later stage, develop into a symbiotic relation were the service of 

the innovation centres in the case of external implementation, would be transferred to Cenvigo. This 

would result in a reduced workload and a streamlining effect on the implementation process, a service 

aiming to promote the relationship between the technology developer and the healthcare 

organization. In the long run, contributing to the change process towards a better healthcare. 
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9. Innovation in the healthcare market, current and future 
approach 

The problematization of this master´s thesis captures a first view of the future in healthcare services 

where a paradigm shift in practice will alter the fundamental relationship between a patient and the 

physician. Instead of structuring healthcare in central establishments, the care is revolving the patient, 

defining the future concept of decentralised and integrated healthcare. This new approach demands 

a different technology, technology that because of its nature is possible for a start-up company to 

develop. Software development do not need large facilities or expensive machines and is thereby very 

favourable for small companies with weaker economy.  

This master’s thesis has been investigating the process of technology implementation into the Swedish 

healthcare system today, with a focus on IT-solutions. By connecting observations through practical 

examples, interviews and theoretical perspective we formulated a model, suggesting a pathway to a 

successful implementation.  

The scope of this report has addressed applications related to telehealth, a technology adapting the 

sources of communication and flows of information recognized in the public world. Telehealth 

applications will access an opportunity to integrate continuous monitoring, selfcare tools and 

information transfers into the care delivery system acquiring a proactive care aspect and creating a 

more engaged patient, conscious of the own health management. This will also reduce the pressure 

and cost related to direct patient care in healthcare organizations but also increase the patient’s quality 

of life. 

However, innovative technology often hits a roadblock when entering the hospital doors. Most 

projects only make it to usability testing, never reaching full embedding in routine practice. Through 

this project we have become aware of different aspects in why the process of implementation comes 

to a halt after the usability tests. First off, it is a matter of assessing the situation. Will the innovation 

offer a benefit relative to the cost that in turn will create an interest with the economic stakeholder? 

Through an evidence-based approach on relevant conducted studies, organizational adaptability, 

economic benefits and legal aspects the innovation have to produce a benefit to existing methods and 

be fully able to integrate into existing systems.  

One of the main aims with this model is to facilitate the innovation process for small start-up 

technology companies. The survival and success of new companies, like Cenvigo, are of major 

importance for the local business development and the creation of new job opportunities. Hopefully, 

this model with all its recommendations and advices will contribute to the survival of, not only Cenvigo, 

but also other new innovative companies in the healthcare sector.  

One of the more important actions we have identified is the creation of a close interaction between 

technology suppliers and identified key stakeholders, preferably established already in the early 

phases of development. Through discussing and formulate a common goal between all stakeholders, 

that is the healthcare organization, the user and the technology developer, a stronger initiative of 

implementation success could be accomplished.  

A closer cooperation between technology companies and the healthcare is something that both parties 

would benefit from. The healthcare has needs in their organization and the technology companies are 

willing to develop suitable products to earn revenues to their companies. Today, we have perceived 

the impression of the healthcare having a negative attitude towards companies willing to sell them 

products. This may be based in a lost connection between the two parties, products developed by 
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technology companies may not respond to the needs of the healthcare. In a larger perspective this will 

affect both the quality of the healthcare and their economy, large healthy companies will provide job 

opportunities to the citizens, who thereby will pay more taxes which in turn will contribute to the 

resources of the hospitals. To try to shut out the technology companies from the healthcare will neither 

result in better quality of care nor better healthcare economy.      

Another of the more important steps in our model is the education and coaching programs adapted to 

the user base. This education is vital to develop and execute, minimizing the risk of the user losing self-

confidence through technology complexity.  

From observations and interviews made for our master’s thesis we have got the impression that the 

healthcare organization does not budget enough resources for education of their healthcare 

professionals when it comes to the implementation of new technology. It could be advantageous for 

the technology companies to already when discussing the Mini-HTA motivate for the healthcare which 

amount of education that is needed to fully make use of the innovation. Apart from integrated 

education, a continuous support management system should be developed and made available 

through the process of implementation.  

Above aspects are related to the formulation of the implementation model created in this report. By 

observing the practice in implementing a technology through the innovation system at Uppsala 

University Hospital, we could identify a reduced sense of structure when it comes to promote external 

innovation implementation. The function of the innovation system is instead focusing on the internal 

idea management. A suggestion would be to decentralise the process of implementation. That is to 

formulate a protocol of to which a technology developer could adapt its innovation already in the 

assessment stage, fulfilling the healthcare demands before reaching the healthcare thus reducing the 

barrier of entrance and workload of the innovation system. A protocol of such would be an adapted 

and clearly stated to the nature of the application which would result in reduction of administrative 

unnecessarily from both stakeholders in the economic relationship. 

This wave of technological innovation within information and communication has evolved throughout 

many years. Especially in Swedish healthcare systems, which this report assessed, the mainstream 

routine embedding of telehealth applications is still absent. Apart from the inadequate 

implementation of a compatible electronic health record system, further implementation of 

technology related to telehealth is a process with apparent inertia.  

In 2013 the County Council of Uppsala released the Mini-HTA. This document could be identified as a 

sign of positive progress in the structure of the innovation system. The content of the Mini-HTA 

correlates with the findings related to the three dimensional evidence-based approach in our model. 

This correlation argue that the information could be available or included as a part of a protocol to the 

technology developer already in an assessment phase to create awareness involving the healthcare 

demands.        

The model itself suggested in this report is idealized in the definition of a stepwise process framed by 

the innovation process in turn defined by Fleuren et al. (2004). A part of the included steps may, more 

or less, overlap depending on the nature of the application and the stakeholders involved. The 

Parkinson’s Digital Assessment (PANDA) has been presented as a practical case following a limited part 

of the dissemination phase of the model. The inhibiting factor behind the limited period of practical 

follow up is time consumption. This factor could have been reduced by, as mentioned, decentralise 

the procedures of the innovation system and engaging the technology developer, in work to prepare 

and adapt the application beforehand. The latter aspect is thereby recognized in the assessment phase 

in the structure of the model.   
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The future of care delivery has to start in the economical dimension of current payment models. The 

change process of healthcare is dependent on the creation of initiative through a financially beneficial 

model, promoting the usage of innovation. We believe the future of healthcare, from a technology 

perspective, lies with the evolution of care at a distance through digital solutions connecting the 

patient and the physician. Although, the current payment models used today does not create enough 

initiative for the healthcare organization to use telehealth applications, especially not in the Swedish 

healthcare system.  

Current ongoing changes in guidelines and policies regarding regulations and legal structures on an 

international level, promoting digital technology usage, are all signs that the environment is changing. 

These changes and political initiative are the results of a prognosis, predicting the collapse of a 

healthcare system holding fast to the current structure. As the older population increases in ratio 

related to the total age span, the pressure on care delivery will increase purely on the reduced number 

of physicians in relation to patients, a problem that exists already today. Patients will also demand a 

higher quality of care and foremost, involvement in the care process as a result of the high frequency 

of information access. The healthcare will then evolve to a patient-centred care concept, were digital 

technology is a key aspect to consider.  

In the case of innovation promoting processes in the healthcare system, signs of change has been 

realised through the innovation centres aiming to provide the healthcare with new technology and 

support technology developers through the regulatory process. Through experiencing the procedures 

in one specific organization, we concluded that a larger amount of structure has to be enabled in a 

future implementation process. As the function of an innovation gate at the hospital site, the 

innovation centre allocates a great deal of value to both the healthcare organization and technology 

developer. This function plays an important part in future change process of healthcare, allowing new 

technology to effectively be tested and implemented. Although non-structured in today’s setting, the 

procedures of the innovation centres are not to be fully structured while there function should be 

adaptable to the nature of the innovation. Else, the innovation centre will be capsuled in the inert 

process of the healthcare organisation itself inhibiting the spread of promising new technology.      

Another promoting factor on behalf of the digital technology entering the hospital gates, is the aspect 

of integration. The concept of integration is a perceived standard in the public usage of digital 

technology as to smartphone applications and systems connecting and communicating with each other 

through, for example, a cloud solution. Information is easily accessible and easily able to be shared to 

relevant participants. The integration concept is not perceived, in the healthcare setting, as an aim 

when constructing an internal or internal to external IT solutions. Often the different departments on 

a single site is unable to acquire information from the same system, the integration is non-existing.  

From a patient’s perspective, a non-integration could lead to a reduced quality of care and, in a worst 

case scenario, the wrong treatment leading to decease. In a future healthcare setting the integration 

of systems, connecting the different healthcare professionals in a care delivery process, is a necessity 

when increasing the efficiency and reducing costs.  

From a larger perspective, the internal systems could be connected to external actors in health, for 

example, social care and eldercare, to create a full integration of health information access. Thus 

allowing the opportunity of patient engagement in the care process. Integration is also of importance 

when it comes to the implementation processes. In the case of telehealth applications, the application 

is often a stand-alone solution from the start. That is, the patient acquire a device connected to a 

device or a separate interface with the physician. An integrated IT environment will allow the 
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application to be implemented in an already established common system, thus promoting its usage 

with the healthcare professionals not having to keep track of a separate system.   

The opportunities are many in the face of digital technology evolution, connecting the healthcare to 

the patient. At the same time, the current structure of the care establishment is in an inert change 

process where an outdated financial model and regulatory process undermine the initiative to adapt 

care delivery to the modern communication and information technology. From our point of view, as a 

technology developer experiencing the healthcare system first-hand, it is difficult to pinpoint concrete 

aspects to the complex congregation of factors inertia of healthcare which leaves us with speculations. 

Although, the trend of demographic change and a digital revolution creates a trajectory of mandatory 

change heading towards the healthcare sector.        

We see that Cenvigo can introduce this implementation process and work together with both 

healthcare and innovations centres to secure the adaption of a fast changing technology environment. 

To sum up. There is an absence of structure and standard observed in the externally focused 

innovation implementation models of the Swedish healthcare system. We would argue that a new 

valid model should be introduced, adapted to the fast changing technology environment of today and 

to come. The absence of structure in the implementation process affects small start-up companies the 

most.  

Healthcare solutions within the information and communication technology context will continue to 

change the way healthcare is perceived and delivered. It is a natural step of the healthcare organization 

to adapt to the changes.  

Through this report we have formulated a model that is constructed as a stepwise and semi-linear 

process were key activities has been identified and included to promote a successful implementation 

process into the Swedish healthcare system. The model is connected to the practice through the 

implementation of the Parkinson´s Digital Application (PANDA).  

The model also serves to connect actors from both technology and healthcare in close relationships. 

The actual needs of healthcare professionals could more effectively be identified and developed into 

a solution, a result from the amplification of a two-way engagement. The outmost aim of this project 

is to serve as a catalysing factor, complementing the implementation models of healthcare in Sweden 

today. 

9.1. Further aspects 

The model of implementation will serve as a service for new technology start-ups or larger foreign 

companies that does not have the established pathways into the Swedish healthcare system. Since the 

model focus on telehealth in general, it will also be applicable on other assessments than PANDA.  

Cenvigo will continue the launch of Parkinson’s Digital Assessment, PANDA, and initiate collaborations 

with new companies and innovations. Further research at medical technology related to Parkinson’s 

disease is ongoing at Dalarna University in collaboration with Uppsala University Hospital and the 

PANDA application will be updated accordingly. The application will also be easy to adjust to other 

chronic diseases such as Multiple sclerosis (MS), Alzheimer’s, diabetes or anticoagulant diagnosis. 

Initiatives related to a modification of the current payment models in the healthcare system has been 

observed at Uppsala County council. When the system changes so that the hospital gets paid for a 

whole treatment process or to keep patients as healthy as possible, instead of getting paid per visit as 
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today, we believe that there will be a great changes in the telehealth market. When there is a proper 

way for hospitals to get paid even when using techniques offering the patients to stay in their own 

home environment instead of coming into the hospital the implementation process will probably 

become easier too. 
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Appendix 1 – 50 Innovation determinants 

Determinants related to the innovation 

1. Extent to which the procedures/guidelines of the innovation are clear. 

2. Degree to which the innovation is perceived as consistent with existing work procedures 

(Compatibility). 

3. Extent to which the innovation is perceived as advantageous (Trialabitity). 

4. Extent to which the innovation is perceived as advantageous. 

5. Degree to which the results of the innovation are observable to the health professional 

(Observability). 

6. Extent to which the innovation is appealing to use. 

7. Relevance of the innovation for the patient: Extent to which the innovation has added value. 

8. Extent to which the innovation carries risks to the patient compared with the existing 

situation. 

9. Frequency of using the innovation. 

10. Health professionals are involved in the development of the innovation. 

Determinants related to the user 

11. Support from colleagues in implementing the innovation. 

12. Support from other health professionals in implementing the innovation. 

13. Support from their supervisors in the department or organization as to the implementation 

of the innovation. 

14. Support from higher management in the organisation as to the implementation of the 

innovation. 

15. Extent to which colleagues implement the innovation. 

16. Extent to which health professionals has the skills needed to implement the innovation. 

17. Extent to which the health professional has the knowledge needed to implement the 

innovation.  

18. Confidence to perform the behaviour needed to implement the innovation (Self-confidence). 

19. Extent to which ownership by the health professional is perceived. 

20. Extent to which the innovation fits the perceived task orientation of the health professional. 

21. Extent to which the health professional expects the patient to co-operate in the innovation. 

22. Extent to which the health professional expects that the patient will be satisfied with the 

innovation. 

23. Extent to which the health professional suffers from work-related stress. 

24. Extent to which goals of health professionals with respect to the innovation are 

contradictory. 

25. Extent to which the professional has ethical problems with the innovation. 

Determinants related to the organization 

26. Decision making process and procedures in the organization: top-down or bottom-up. 

27. Hierarchical structure. Extent to which decision making process is formalised through 

hierarchical procedures.  

28. Formal reinforcement by management to integrate innovation into organizational policies. 
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29. Organizational size: large, medium, small. 

30. Functional structure (task oriented) versus product structure (output oriented). 

31. Relationship with other departments or organizations: inward-looking or outreaching. 

32. Nature of the collaboration between departments, being involved in the innovation. 

33. Staff turnover: high, average, low. 

34. Degree of staff capacity in organization or department which implements the innovation. 

35. Available expertise in relation to the innovation in the organisation or department. 

36. Logistical procedures related to the innovation, for example logistical problems in scheduling 

patients. 

37. Number of potential users to be reached: many or few. 

38. Financial resource made available for implementing the innovation. 

39. Reimbursement for health professionals/organizations to facilitate extra effort in applying 

the innovation. 

40. Other resources made available for implementing the innovation, for example equipment or 

manuals. 

41. Administrative support available to the users (health professionals) of the implementation. 

42. Time availability of staff responsible for co-ordinating implementation in the organization. 

43. Availability of staff responsible for co-ordinating implementation in the organization. 

44. Opinion leader who influences opinions of others in the organization. 

Determinants related to the socio-political context 

45. Willingness of the patient to co-operate with the innovation. 

46. Degree to which the patient is aware of the health benefits of the innovation. 

47. Patient doubts concerning the health professional’s expertise and competence with respect 

to the innovation. 

48. Financial burden of the innovation imposed on the patient, for example no insurance cover. 

49. Patient discomfort, physical or emotional, as a result of the innovation. 

50. Extent to which the innovation fits into existing rules, regulations and legislations. 
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Appendix 2 – IBM questionnaires 

Påståenden och frågor om användarbarheten hos PANDA:s 
webbgränssnitt CenPad - Physician questionnaire 

Svara så noggrant du kan kring hur du upplevt CenPad och dess användbarhet.  

Del 1 (Fråga 1 - 3): Ringa in den siffra som stämmer bäst in på påståendet, låg siffra betyder 

att du håller med påståendet och en hög siffra betyder att du inte håller med påståendet.  

Del 2 (Fråga 4 - 8): Ringa in passande alternativ (JA/NEJ). Skriv gärna en kort kommentar. 

 

1. Jag är som helhet nöjd med användarvänligheten av CenPad. 

                

Instämmer helt     Instämmer ej 

1 2 3 4 5 6 7  

        

2. Jag kunde effektivt utföra min uppgift genom CenPad.  

             

Instämmer helt     Instämmer ej 

1 2 3 4 5 6 7  

        

3. Jag är som helhet nöjd med den handledning jag har fått för att  

kunna utföra min uppgift genom CenPad (dokumentation/kontakt/genomgång). 

Instämmer helt     Instämmer ej 

1 2 3 4 5 6 7  
        

        

4. Hade du några som helst problem med att tyda den grafiska informationen överlag (om ja, 
beskriv gärna problemet)? 
  JA   NEJ   

        

Kommentar:            
 

 

 

      

 

5. Hade du lätt för att förstå hemvyns uppbyggnad (om nej, beskriv gärna  

vilka inslag du tyckte var svåra)?         

  JA   NEJ   

        

Kommentar:            
        

6. Var det någon information du saknade på hemvyn (om ja, förklara gärna)? 
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  JA   NEJ   

        

Kommentar:            
        

7. Tyckte du att patientvyn var lättöverskådlig (om nej, beskriv gärna på vilket sätt)?   

 

  JA   NEJ   

        

Kommentar:            

        

8. Kunde du, på ett effektivt sätt, läsa av och förstå den longitudinella grafen (om nej, beskriv 
gärna på vilket sätt och vilken information du saknade)? 
  JA   NEJ   

        

Kommentar:            

        

        

9. Kunde du, på ett effektivt sätt, läsa av och förstå spindeldiagrammet (om nej, beskriv gärna 
på vilket sätt och vilken information du saknade)? 

                                                             JA                                               NEJ JA   NEJ 

 

Kommentar:                                                                                                                                             

      

      

10. Tyckte du ur ett helhetsperspektiv att relevant information fanns med på patientvyn för att 
du skulle kunna utföra din uppgift (om nej, beskriv gärna på vilket sätt och vilken information 
du saknade)? 

    

 

                                                             JA                                               NEJ      

      

Kommentar:                                                                                                                                           

      

 
 
Övriga kommentarer gällande användarbarheten hos PANDA:s webbgränssnitt CenPad: 
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Påståenden och frågor om användarbarheten hos PANDA:s 
webbgränssnitt CenPad - Patient questionnaire 

Svara så noggrant du kan kring hur du upplevt CenPad och dess användbarhet.  

Del 1 (Fråga 1-3): Ringa in den siffra som stämmer bäst in på påståendet, låg siffra betyder 

att du håller med påståendet och en hög siffra betyder att du inte håller med påståendet.  

Del 2 (Fråga 4-8): Ringa in passande alternativ (JA/NEJ). Skriv gärna en kort kommentar. 

 

1. Jag är som helhet nöjd med användarvänligheten av CenPad. 

                

Instämmer helt     Instämmer ej 

1 2 3 4 5 6 7  

        

2. Jag kunde effektivt utföra min uppgift genom CenPad.  

             

Instämmer helt     Instämmer ej 

1 2 3 4 5 6 7  

        

3. Jag är som helhet nöjd med den handledning jag har fått för att  

kunna utföra min uppgift genom CenPad (dokumentation/kontakt/genomgång). 

Instämmer helt     Instämmer ej 

1 2 3 4 5 6 7  
        

        

        

4. Hade du några som helst problem med att tyda den grafiska informationen överlag (om ja, 
beskriv gärna problemet)? 
  JA   NEJ   

        

Kommentar:            
 

 
      

 

5. Hade du lätt för att förstå hemvyns uppbyggnad (om nej, beskriv gärna  

vilka inslag du tyckte var svåra)?         

  JA   NEJ   

        

Kommentar:            
        

6. Var det någon information du saknade på hemvyn (om ja, förklara gärna)? 

                

  JA   NEJ   

 
Kommentar: 
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7. Tyckte du att patientvyn var lättöverskådlig (om nej, beskriv gärna på vilket sätt)?   

 

  JA   NEJ   

        

Kommentar:            

        

8. Kunde du, på ett effektivt sätt, läsa av och förstå den longitudinella grafen (om nej, beskriv gärna 
på vilket sätt och vilken information du saknade)? 
  JA   NEJ   

        

Kommentar:            

        

        

9. Kunde du, på ett effektivt sätt, läsa av och förstå spindeldiagrammet (om nej, beskriv gärna på 
vilket sätt och vilken information du saknade)? 

                                                             JA                                               NEJ JA   NEJ 

 

Kommentar:                                                                                                                                             

      

      

10. Tyckte du ur ett helhetsperspektiv att relevant information fanns med på patientvyn för att du 
skullr kunna utföra din uppgift (om nej, beskriv gärna på vilket sätt och vilken information du 
saknade)? 

    

 

                                                             JA                                               NEJ      

      

Kommentar:                                                                                                                                           

      

 
Övriga kommentarer gällande användarbarheten hos PANDA:s webbgränssnitt CenPad:    
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Appendix 3 – Mini-HTA 



79 
 

 



80 
 

 

  



81 
 

Appendix 4 – Parkinson’s disease 
PANDA (Parkinson´s Digital Assessment) is a monitoring tool with the aim to provide the healthcare 

professionals with objective information about the changes in the Parkinson’s patients´ motor 

symptoms over time. To provide a deeper understanding in what ways the application will generate 

value for both patients and healthcare professionals, we will first introduce some facts about 

Parkinson’s disease and its symptoms. We have chosen to focus on motor symptoms, evaluation and 

diagnostic methods and treatment with levodopa because these factors are of greatest interest when 

discussing PANDA. More complete facts about Parkinson’s disease, involving non-motor symptoms is 

to be found in Appendix 4.     

Parkinson’s disease 

Parkinson’s disease (PD) was first described by James Parkinson in 1817 (Jankovic et al., 2007). Today, 

PD is the second most common neurodegenerative diseases, after Alzheimer´s disease. About one out 

of one hundred persons over 65 years is affected by PD (Marttila & Rinne, 1976). Yet, the presentation 

and progression of the symptoms are rarely the same in any two patients, hardly not even the same in 

any one patient from day to day. PD is a chronic and progressive disorder characterised by several 

motor and non-motor symptoms. The motor symptoms are due to the loss of dopaminergic neurons 

in the substantia nigra pars compacta, which is a part of the basal ganglia. The dopaminergic neurons 

of substantia nigra projects to and innervates neurons of the putamen and caudate. The cause of this 

progressive loss of dopaminergic neurons is still not known. Although most cases of PD are sporadic 

genetic research has been contributing with some clues to the pathogenesis and ethology. Less than 

10 percent of all PD cases are due to single gene mutations, there may also be specific forms of genes 

that induce the risk of acquiring the disease (Purves et al., 2008). 

 

Motor symptoms 
Parkinson’s disease is characterised by motor symptoms, the most usual symptoms that are visible 

among Parkinson’s patients are tremor at rest, rigidity of the extremities and neck, slowness of 

movement (bradykinesia), and minimal facial expressions. Parkinson’s patients also tend to have a lack 

of associated movements, such as arm-swinging when walking, any movement is hard to initiate and 

also to terminate (Purves et al., 2008). 

Tremor 
Tremor at rest is the most common symptom of PD. Tremor is also easy to recognise, it occurs most 

often in the distal parts of an extremity only on one side of the body, with a supination-pronation 

movement pattern at a frequency between 4 and 6 Hz. Tremor at rest can also involve chin, jaw, lips 

and legs but it disappears during sleep and with action (Jankovic et al., 2007). In a study by Hughes and 

co-workers (1993), they report that 75 percent of PD patients had experienced rest tremor some time 

during the course of their disease, and that 69 percent of the patients had tremor from the disease 

onset. Clinical-pathological studies have shown a difference between patients suffering from 

prominent tremor and patients without tremor. Patients with tremor have a degeneration of a 

subgroup of midbrain neurons, whereas these neurons are spared in patients without tremor (Jankovic 

et al., 2007) 

Bradykinesia 



82 
 

Bradykinesia describes a slowness of movements and it makes it difficult with planning, initiation and 

executing movement. Initially, the disease bradykinesia may manifest itself through slow movement 

and reaction time. Bradykinesia may also cause loss of spontaneous movements and gesturing, such 

as loss of facial expressions, decreased blinking and impaired swallowing. Assessment of bradykinesia 

often includes motion test (hand grips, tapping tests, and hand pronation-supination). Like other PD 

symptoms, bradykinesia can be affected by the emotional state of the patient. For example, immobile 

patients may be able to run if someone screams “fire”. This suggests that the motor programmes of 

the PD patients are intact, but that they need an external trigger to accessing those (Jankovic et al., 

2007). 

Rigidity 
Rigidity is resistance and stiffness to limb movement. It’s caused by increased muscle tone and may 

occur distally in ankles and wrists and proximally in the neck, shoulders and hip. Rigidity may be 

associated with pain, such pain usually being an initial manifestation of the disease. In the early stage 

of the disease, rigidity is often asymmetrical and usually affects the shoulders and neck prior to the 

muscles of the extremities and face. Abnormal axial posture may occur due to rigidity of the trunk and 

neck (Jankovic et al., 2007). 

Diagnostic methods of today 
Today there is no ante-mortem diagnostic test for PD, in clinical practice the physician evaluates the 

patient based on the presence or lack of PD associated symptoms, and the patients’ response to 

levodopa (Jancovic et al., 2007). This means that some patients diagnosed with PD in fact suffer from 

neurodegenerative disorders or essential tremor. In some patients with the classical presentation of 

symptoms, the diagnosis is straightforward but it can still be difficult to differ from other forms of 

Parkinsonism where the symptoms in many cases overlaps (Tanner and Goldman, 1996). 

The UK Parkinson’s Disease Society Brain Bank and The National Institute of Neurological Disorders 

and Stroke (NINDS) have developed diagnosis criteria for PD, which both include groups and steps to 

sort out if the symptoms suggest PD or some other neurological disease. However, the reliability of 

these models have not been clearly established (Reichman, 2010). 

 

Evaluation methods 
Today, there is no well-functioning test for the evaluation of the degree of Parkinson’s disease. The 

tests that are used today are different types of scales where the physician evaluates the patients’ 

symptoms by some tests and questions. The tests are all including large error factors and provide no 

objective data. In an attempt to combine a number of different scales and produce a common tool to 

monitor the impact of PD and the degree of disability caused, the Unified Parkinson’s Disease Rating 

Scale (UPDRS) was developed. This scale was first introduced in 1987 and has since been updated to 

include new assessments of non-motor symptoms. The scale consist of four sections:  

 Evaluation of mentation (mental activity or state of mind) or cognition (ability to acquire 

knowledge), behaviour and mood 

 Self-evaluation of the activities of daily life 

 Evaluation of motor function 

 Evaluation of complications of therapy 

In the first part, motivation, depression, intellectual impairment and thought disorders are evaluated. 

In the second part, the patient evaluates his/her own experience of daily life activities, like speech, 

dressing, swallowing, walking, handwriting and tremor. In part three, the physician evaluates the 
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patients’ motor functions by rotation tests of hands and forearms, and by evaluating the amount of 

bradykinesia, rigidity, tremor at rest, speech, facial expression and postural stability the patient 

present. The final part is an evaluation of complications of therapy, amount of dyskinesia, off-periods, 

anorexia and sleep disturbance are estimated (Goetz, 2008). 

The UPDRS scale is usually combined with two other scales used to evaluate PD – the Hoehn and Yahr, 

and the Schwab and England Activities of Daily Life (ADL) scale (Goetz, 2008) 

The Hoehn and Yahr scale was first introduced in 1967 by Margaret Hoehn and Melvin Yahr, after some 

modifications the scale includes today eight stages. The scale is commonly used to describe how PD 

symptoms progress over time and which relative level of disability the patient experience, see table 1 

(EPDA, 2014). 

 
Table 3. The Hoehn and Yahr scale. Eight steps that describe how Parkinson’s disease symptoms 
progress over time. 

Stages Parkinson’s disease symptoms 

Stage 0 No signs of disease 

Stage 1 Unilateral symptoms only 

Stage 1.5 Symptoms unilateral and also involving the neck and spine 

Stage 2 Bilateral symptoms, but no impairment of balance 

Stage 2.5 Mild bilateral symptoms, with recovery when the pull-test is given (the 
physician stands behind the patients and asks them to maintain their balance 
when pulled backwards) 

Stage 3 Balance impairment. Mild to moderate disease. Physically independent 

Stage 4 Severe disability, but still able to walk and stand unassisted 

Stage 5 Confinement to wheelchair or bed unless assisted 

 

The Schwab and England Activities of Daily Living (ADL) scale is used to evaluate a person’s ability to 

perform daily activities. The scale reaches from 100% indicating full independence to 0% indicating a 

state of complete dependence (EPDA, 2014).     

The UPDRS scale is usually combined with two other scales used to evaluate PD – the Hoehn and Yahr, 

and the Schwab and England Activities of Daily Life (ADL) scale (Goetz, 2008). 

 

Treatments 
There is no treatment today that has the ability to cure PD. What is done is to decrease the symptoms 

by increasing the patients´ dopamine levels to a level as normal as possible. In early stages of PD, the 

treatment usually consist of either levodopa, a precursor to dopamine, or a dopamine agonist. Which 

treatment that is to prefer to start with is an ongoing discussion (Montastruc et al., 1999; Weiner, 

1999).  

Levodopa 
Levodopa is transformed into dopamine when it comes in contact with the enzyme aromatic L-amino 

acid decarboxylase (AADC), in dopamine-containing neurons, 5-HT neurons and pericytes (Cooper et 

al., 1991). Levodopa that is administered orally reaches the highest blood concentrations 45-120 

minutes after the tablet intake. How fast the levodopa reaches the blood system depends on the 

formulation of the tablet and gastric emptying (Rivera-Calimlim et al., 1971). Because of the 

dependence of the gastric emptying rate, the oral levodopa therapy gives a slightly unpredictable onset 
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of response. As PD progresses, the effect of each dose of levodopa becomes shorter, in the advancing 

stages of the disease, the patient continually takes small and frequent doses of levodopa in an attempt 

to decrease fluctuations of levodopa levels in the blood and motor performance (Stocchi et al.,2010). 

It is a challenge to get a stable and effective treatment without side effects, changes and adjustments 

are done continuously during the whole course of the disease.   

Fluctuations 
Medication with levodopa is uncomplicated and effective in the early stages of PD. When the patient 

is symptom free it is called that the patient is “on”. Early in the disease the patient usually is “on” most 

of the time, but after a few years, the effect duration of each dose of levodopa decreases and the 

patient experience “wearing-off” episodes. The “off” episodes occur when the plasma levodopa levels 

falls under 50% of the peak concentration (Kempster et al., 1989).  

Patients with PD have a clearly defined therapeutic window for levodopa, too high levels resulting in 

involuntary movements (dyskinesia) and too low levels in no response (“off”). This window get 

narrower with the advancement of the disease. Late in the disease “on-off phenomenon” appears, 

with fast change from “on” to “off” and back. This state is very difficult to manage with oral medication 

(Sweet and McDowell, 1974) 

Intestinal infusion 
Levodopa is infused directly into the small intestine, and not into the stomach as with oral levodopa. 

For PD patients with “on-off” fluctuations, this makes a big difference, their plasma levodopa levels 

become more stable and they are “on” for a greater part of their time. The therapy is practical but 

complex for patients failing on conventional treatment (Nilsson et al., 2002). 
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Quality assurance of medical device
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Today, the telehealth market grows and applications related to telehealth will become
more viable. Associated with an increased market of smartphones and telehealth
devices, it is difficult to keep track of new devices and different operating system as
well as software release and validation. It is therefore crucial to find new ways to
secure the quality and security of medical devices, both for existing and future device.

To be able to provide a safe system within healthcare, a failure mode and effect
analysis (FMEA) has been applicable for medical devices. FMEA chart the probability of
failure modes against the severity of their consequences and the likelihood of
detection. The top highest risks, computer performance and analysis, secure
verification methods and data-transferring, have been considered first as primary
improvement opportunities.

The failure mode and effect analysis was then applied on Parkinson’s Digital
Assessment (PANDA), a digital diary with continuous data transfer between the
patient and the healthcare professional (HCP). PANDA has been developed to fit a
certain smartphone model, but will now be open to different devices. From the FMEA
for medical device, the highest risks relevant for PANDA are motor tests, clinical
risks and intended use. The motor test consist of two parts, a tapping test and a spiral
drawing.
  
From the analysis, sample rate and computer performance are considered to be most
critical for performing the motor tests. Compared to three budget smartphones,
released in the latest year, the computer performance fulfils the required values
according to the existing device. Based on this observation, new smartphone models
are to be considered to have enough computer performance, as long as the size
screen is 4.0 inches or bigger.

When designing a Quality application for PANDA, the sampling rate are measured as
well as the computer performance. The Quality application will be implemented
together with the PANDA application and secure the quality of a prospective device.
The quality application can easily be adjusted to other medical devices.

The recommendation is to implement the Quality application together with PANDA
and then use the PANDA application on new smartphone models as long as the
screen size is 4 inches or larger. 
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Sammanfattning 

Idag efterfrågas allt fler produkter som gör det möjligt för patienter att vårdas på distans, i till exempel 

hemmiljö. Tillsammans med en snabbt växande marknad av smartphones och digitala applikationer, 

ställs det också högre krav på att kunna garantera patientsäkerheten och kvalitén. 

För att kunna garantera säkerheten av existerande och nya applikationer, har en riskanalys utförts på 

medicinska produkter inom distansvård. De största riskerna identifierades som datorprestanda, analys 

av data, verifiering av data och dataöverföring med hänseende till patientsäkerhet. Detta applicerades 

sedan på Parkinson’s Digital Assessment (PANDA), en digital dagbok som underlättar 

kommunikationen mellan läkare och patienter med Parkinsons sjukdom.  

PANDA är i dagsläget låst till en specifik telefon, men kommer i framtiden vara tillgänglig för flera 

modeller. Applicerat på PANDA är de största riskerna motoriska test, kliniska risker och 

säkerhetsställning av att produkten används på rätt sätt. De motoriska testerna resulterade i att 

sampling av data samt datorprestanda ses som mest kritiska och därför har ett kvalitetstest designats 

för att utvärdera dessa risker. 

Jämfört med smartphone-modeller som finns på marknaden idag, så uppfylls de grundläggande kraven 

som PANDA ställer så länge telefonens skärm är större än 4 tum. 
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Definitions 

 
           Item 

 
                                             Explanation 

 BYOD Bring Your Own Device 

   CPU Central Processing Unit 

 
   EN 

 
European Norm / EU Standards from CEN or CENELEC 

   EU European Union 

   FMEA Failure mode and effects analysis (FMEA) 

   GPU Graphics Processing Unit 

   ISO International Standards Organization 

   MDD Council Directive 93/42/ECC with amendments concerning Medical Devices 
Directive 

   PANDA Parkinson’s Digital Assesment 

 PRS Product Requirement Specification 

 QMS Quality Management System 

 RAM Random Access Memory 

 ROM Read- Only Memory 

 RPN Risk Priority Number 

 SRS System Requirement Specification 

 STP System Test Plan 
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1. Introduction 

Today, new technology are introduced every day, and are constantly changing our way of living. We 

have computers in every home, and a smartphone is soon every man’s possession. Especially in the 

healthcare sector, a big change is coming up where doctors nowadays can use portable reading devices 

instead of paper-based medical record systems, or do a health check with video camera instead of a 

meeting at the hospital. 

The telehealth market is valued to 1.4 billion USD and is expected to reach a value of 1.5 trillion USD 

by 2019. The use of smartphones increases, and the amount in use is expected to reach 7 billion by 

2019. With this prevalence the possibilities for applications related to telehealth will become much 

more economically viable. The market for software and devices related to telehealth is valued to 843 

million USD today and is expected by 2019 to reach a value of 2.9 billion USD (Research Moz, 2013). 

This indicates a great potential and development possibilities in the telehealth market.  

It is crucial to acquire a well-defined view on which regulations and legal attributes that is required in 

accordance of the relevant healthcare system. As for the organizational dimension these regulatory 

and legal requirements vary, although mainly on a national scale. Also, the nature of the innovation 

itself will shape the construct of the legal base. When it comes to telehealth applications, one critical 

legal aspect is the security of data transfer between a device and a data storage centre. 

Frome a regulatory standpoint, a medical device is categorized into four different classes, each in 

accordance to the function of the innovation and the planned usage (Läkemedelsverket, 2014). For 

most non-invasive and non-sterile usage applications, as is the case of most telehealth monitoring 

applications, the first level of classification is often sufficient. In the Swedish healthcare system a 

medical device is obligated to approval, classification and registration with the Medical Product Agency 

before usage.  

Another important regulatory issue is the CE marking of a product, which includes the fulfilment of EU 

requirements on health, safety and environment (Europeiska Kommissonen, 2014). To begin a process 

of implementation in the Swedish healthcare system, a CE approval before introduction is a primary 

demand. 

For a company that provides medical device, ISO 13485 specifies requirements that that the medical 

device needs to fulfil. ISO 13485 gives the company regulatory requirements applicable to medical 

device as CE-marking class 1 and 2A, according to Medical Devices Directive 93/42/EEC (MDD). ISO 

13485 is based on ISO 9001, but have higher requirements according to formal documentation and 

product safety. ISO 9001 on the other hand requires continual improvements and stricter 

requirements regarding customer satisfaction (International Organization for Standardization, 2003). 

To sum up. As the telehealth market grows, the applications related to telehealth will become much 

more economically viable. Associated with an increased market of smartphones and telehealth device, 

it is difficult to keep track of new device and different operating system as well as software release and 

validation. It is therefore crucial to find new ways to ensure the quality and security of medical device, 

both for existing and future device. 
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1.1. Introduction of project 

To ensure the quality and security of medical device, a quality assurance analysis will been performed. 

This will be applied on Parkinson’s Digital Assessment (PANDA), a digital diary with continuous data 

transfer between patient and healthcare professional (HCP). PANDA is developed through a 

collaboration between Dalarna University, Uppsala University and Uppsala University Hospital. PANDA 

is also CE Marked and validated as a medical device class 1. PANDA aim to improve life quality for 

patients with Parkinson’s disease through supporting their HCP in the process of diagnosis and 

treatment. The application provide a visual and objective representation of symptoms over time and 

make it possible for HCP to better observe his/hers patients.  

PANDA has been developed to fit a certain smartphone model, which is handed out to the patients 

through the HCP. When launching PANDA, the aim was to use the application in bring your own device 

(BYOD) settings and use with licence from the hospital, but also to be able to download the application 

apart from the healthcare. Since the quality and security of the medical device is crucial, the first step 

was to investigate the critical parts to secure the quality of the smartphone.  

This was done by a FMEA, Failure modes and effect analysis, applied on medical device in general. The 

analysis was then applied on PANDA and further, a quality assurance test was performed to secure the 

quality on future devices. 

 

2. The aim of this project 

The aim of this project is to do a quality assurance for medical smartphone device applications to be 

used in bring your own device (BYOD) settings. This will be done by identifying the critical parts with 

respect to safety, performance analysis and data integrity. A test interface will be used to secure the 

quality of future devices. 

The scope of this thesis embraces all hardware and software items constituting the PANDA system. 

It should be noted that this plan does not take into account local EU/EEA requirement regarding Patient 

Data Protection. However, when the intended EU/EEA markets have been pointed out these local rules 

will be identified and this plan be updated accordingly. Neither does this project take into account 

safety risks that are included in safety regulations. 

 

2.1. Objectives 

 Perform a Failure Mode and Effect Analysis (FMEA) for medical device 

 Perform a applied analysis to PANDA (Parkinson’s Digital Assessment)  

 Design an application to secure the quality for medical device 
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3. Medical device 

A medical device is defined, in Swedish Law (1993:584), as any instrument, apparatus, appliance, 

software, material or other article, whether used alone or in combination, including the software 

intended by its manufacturer to be used specifically for diagnostic and/or therapeutic purposes and 

necessary for its proper application, intended by the manufacturer to be used for human beings. 

The COUNCIL DIRECTIVE 93/42/EEC (MDD) concerning medical devices which was approved the 14 

June 1993 regulates medical devices in the 28 EU member states. 

To be covered by the MDD the Intended Use definition, a device must first prove to be in compliance 

with this definition. Secondly the device must be classified in order to establish the level of scrutiny by 

the EU/EEA Health Authorities. (Schmidt-Andersen, 2011) 

3.1. FMEA for medical device 

Failure Modes and Effect Analysis (FMEA) is a systematic, inductive analytical method for identifying 

the possible problems a software product or process could encounter. FMEA was first developed 

outside the healthcare and is now used to identify the most important areas for process 

improvements. FMEA has been used in a variety of hospitals and institute for Healthcare Improvement 

programs, for example Idealized Design of Medication Systems (IDMS), Patient Safety Collaboratives, 

and Patient Safety Summits. (Institute for Healthcare Improvement, 2004).  

When performing FMEA, the risk are scored according to likelihood of occurrence, severity and 

likelihood to detection, see table 1. FMEA then chart the probability of failure modes against the 

severity of their consequences and the likelihood of detection. The result highlights failure modes with 

relatively high probability and severity of consequences, allowing remedial effort to be directed where 

it will produce the greatest value (Schmidt-Andersen, 2011). The Risk Priority Number (RPN) score will 

be 1 to 1000. The top highest RPN will be consider first as improvement opportunities (Tague, 2004). 

 
Table 1. The risk are scored according to likelihood of occurrence, severity and likelihood to detection. 

 Minimum = 1 Maximum = 10 

Occurrence Very unlikely to occur  Very likely to occur 

Severity Very unlikely that harm will occur Very likely that severe harm will occur 

Detection Very likely to be detected Very unlikely to be detected 

 

To identify where the software product or process could fail, FMEA for medical device has been 

performed, see appendix. When identifying the risks, I have choose not to investigate the safety risks 

that are included in safety regulations. Clinical risks are divided into four subcategories; Financial, 

Operational, Legal and Political (Government of Western Australia, 2005), and focus has been on the 

Operational and Legal risks.  

The risks are divided between Intended use, Clinical risks, Safety regulations, Self-assessment 

questionnaires and Motor test. In table 2, the risk with highest RPN are summarized and we see that 

the motor test has the highest RPN, according to slowness of the computer system that can be caused 

by the prestanda of the computer or mobile device. This also show that the motor test has higher risk 

than self-assessment questionnaires. 
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At the same RPN can we find analysis of pictures that are not sampled, for example a photography that 

does not depend on external input in the same way as motor tests.   

When looking at the clinical risk, the Medical-legal liability has the highest RPN. Medical-legal liability 

includes patients’ rights, confidential information and responsibility of healthcare professionals. 

Potential causes can be lack of knowledge or not secure systems and the recommended actions are 

more secure verification method and ID-control of healthcare professionals, see table 2. 

Another potential failure mode is transferring patient data to healthcare providers. The failure mode 

is very severe, but has not a high frequency of occurrence. If the medical device includes data 

transferring, it is good to be observant on this risk.  

 
Table 2. FMEA for medical device. The top highest RPN (Risk Priority Number) are presented below. 

S O D RPN Risk Action  

8 5 6 240 Motor tests, Computer performance 
 

Identify required needs, measure 
samplings frequency or other relevant 
parameters 

8 5 6 240 Analysis of picture that are not 
sampled 

Identify required needs, measure 
relevant parameters 

10 3 7 210 Clinical risk, Medical-legal liability More secure verification method, ID-
control 

10 4 5 200 Intended use, Transferring patient 
data to care of analysis 

Encrypted data and safety regulations 

 
 
To sum up. The overall risk with medical treatment is that a patient will have the wrong diagnose or 

medicine. When focusing on the medical device, the highest risks are computer performance and 

analysis, secure verification methods and data-transferring. Depending on what medical device you 

are working with, the FMEA for medical device can be used to easy identify what risks that need to be 

considered with priority. 
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4. Analysis applied to Parkinson’s Digital Assessment 

Parkinson’s Digital Assessment, PANDA, is a digital diary with continuous data transfer between patient 

and healthcare professional (HCP). PANDA is developed through a collaboration between Dalarna 

University, Uppsala University and Uppsala University Hospital. PANDA is CE Marked and validated as 

a Class I medical device. The aim of the product is to improve life quality for patients with Parkinson’s 

disease, by supporting their HCP with objective data concerning the patients’ day-to-day motor 

fluctuations over time. PANDA provides a visual representation of symptoms over time and makes it 

possible for HCP to better observe his/hers patients and individualize the treatment to fit their needs.  

Before introducing PANDA into to healthcare systems and hospitals, an analysis will be made based on 

the FMEA for medical device, to be able to secure the quality for the application, PANDA, independent 

of the mobile device. The first step is therefore to identify the function and intended use of the 

Parkinson application PANDA, followed by an applied analysis according to the specifics of PANDA. The 

next step is then to prevent the highest RPN and present a way to secure the quality of the medical 

device PANDA. 

4.1. Parkinson’s disease (PD) 

Parkinson’s disease (PD) is the second most common neurodegenerative disorder (after Alzheimer’s 

disease) and directly affects up to 5 million people worldwide. About one out of one hundred persons 

over 65 years are affected by PD (Marttila and Rinne, 1976).  

PD is a chronic and progressive disorder characterised by several motor and non-motor symptoms. PD 

affects a small area of dopamine producing cells in the mid-brain, vital for motor function control. The 

typical symptoms are slowness of movements, stiffness, instability and tremor (4-8 Hz) (Malmquist and 

Sachs, 2014). PD also has non- motor symptoms concerning cognition, mood, pain, sleep and sexual 

health (Jankovic et al., 2007). 

4.2. PD assessment methods 

The most common method for assessing motor fluctuations today is paper home diaries. It has been 

recognized that one full week of home diary data collection is sufficient for capturing a sample of a 

longer time period. (Westin et al, 2010) 

Paper home diaries are problematic since they may not be filled in at designated times (Stone et al., 

2003). Another major problem with paper diaries, besides the reliability issue, is the inconvenient 

storage of, and access to, the responses. Both these problems are overcome by electronic diaries, 

which can show good compliance in PD (Schmidt-Andersen, 2011). 

4.3. Product description 

PANDA, Parkinson’s Digital Assessment is a product capturing patient symptomatology over time and 

transferring the data to the treating clinician. The PANDA application includes both a motor function 

section and a patient response section with Parkinson’s disease related questions. The patient 

interacts with the application four times a day during a week-long test period.  

The information below is from a Regulatory Compliance Plan for PANDA, before mentioned as PAULA, 

by Animech AB (Schmidt-Andersen, 2011).  
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PANDA has several purposes 
 To provide a system that visualizes any changes in symptoms between scheduled visits 

 To provide a system that provides robust (validated) data on patient symptomatology 

 To enable access to anonymous data for academia clinical research 

 

The system consists of the following elements 
 A Personal Digital Assistant implemented on a Smartphone on which the patient can do a 

number of drawing and tapping tests 

 A communication system; the public cell phone network 

 A receiving system for the transmitted data including central storage 

 A web application for display of PD patient self-assessment results 

 

4.4. Intended use definition 

The intended use is defined, according to Schmidt-Andersen (2011) as: 

Parkinson’s Digital Assessment (PANDA) is intended for automatic transferring patient self-assessment 

data back to point of care for analysis. 

This system is intended to automate the current manual process of paper home diaries with a view to 

establish a support tool for the clinician for assessing the development of the Parkinson’s disease. 

4.5. FMEA applied to Parkinson’s Digital Assessment 

From FMEA for medical device, see appendix, we can identify that the highest RPN also are relevant 

for PANDA, as in motor tests, clinical risks and intended use. The analysis of data that are not sampled, 

for example picture, are not relevant in this case. Secure verification methods and data-transferring 

are important factors, but focus will be on the computer performance to be able to secure the quality 

for this mobile device since the RPN is highest. To be able to understand and identify the critical 

parameters, we will now look closer on the motor test that is available in PANDA. 

PANDA consists of two motor tasks, tapping test and spiral drawing, see figure 1. The tapping test 

consists of two or four tapping fields where the patient uses his/hers right and left hand to press the 

buttons. Each test takes about 20 seconds and is based on the dissertation by Memedi (2014). The 

spiral drawing is a pre-drawn Archimedes spiral that the patient follow, from the center and out, using 

dominant hand. The test is repeated three times and patients are instructed that it should be 

completed in 10 seconds (Cenvigo, 2014). 

The main purpose of the tapping tests are to capture slowness and upper limb stiffness. The purpose 

of the spiral drawing are to capture involuntary movements, for example dyskinesia, bradykinesia, 

drawing impairment and tremor (Liu, 2005). Patients with PD should find the motor tests difficult and 

the learning effects are small after performing the test a few times (Westin et al., 2010). 

Computer performance is an important factor when analyzing the risks with motor test. To be able to 

secure the quality, I will therefore do a more detailed study of how the spiral drawing is performed 

and investigate what parameters that are important according to computer performance. 
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Figure 1. PANDA consists of two motor tasks, a tapping test to the left and a spiral drawing to the right. 

The tapping test takes 20 seconds and the spiral drawing approximately 10 seconds. 

 

4.6. Motor test - The spiral 

The spiral test is based on a pre-drawn Archimedes spiral, see figure 1, that the patient follow, from 

the center and out using dominant hand. The test repeats three times and each spiral should be 

completed in 10 second. (Westin et al., 2010). The test helps detect problem with handwriting ability 

that can be caused by involuntary movements, for example dyskinesia, bradykinesia and tremor (Liu, 

2005).  

The Archimedes spiral is defined, in polar coordinates, by  

𝑟 = 𝑎 · 𝛩                                                                                    (1) 

where 𝑟 is the radius of the spiral, 𝑎 is a reel number that controls the distance between successive 

turnings and 𝛩 is the angle. In the test, the spiral goes three rounds to fit the screen, se figure 1. 

Through research at Dalarna University, a validation algorithm for the spiral was developed. The 

algorithm is based on an event driven sampling, which means that every time a screen pixel is touched, 

the pixel-coordinates and times for the drawing are stored. The measured parameters are number of 

points, maximum radial distance, point density, gap lengths in space and time and completion time 

(Westin et al., 2010). Together they sum up to a spiral score, which is used to define the level of 

impairment and disability (Memedi, 2014). 

All spirals were quantified in space and frequency domains. In the space domain, the spiral data 

consists of the horizontal position, x, and the vertical position, y. The radius is defined as 
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𝑟 = √𝑥2 + 𝑦2                                                                                   (2) 

which transforms the raw coordinates into polar coordinates. This is done in order to evaluate the 

impairment of the spiral. The radius is then used to calculate the smallest distance (d) that the drawn 

spiral deviates from the pre-defined Archimedes spiral. The requirement for the spiral to pass is that it 

contains of minimum 50 data points, for securing a valid data analysis (Memedi, 2011). 

In the frequency domain, the tremor movements were out filtered by two Chebyshev type I band pass 

filters through interpolating the radial drawing velocity. The first filter, with the aim to filter out 

dyskinetic movements (dys) is in the range 1–5 Hz, and the second filter, aiming to filter out tremor 

movements (trem) is in the range 6–10 Hz (Westin et al., 2010). 

To quantify the shaky movements, standard deviation (sd) for the two components of the drawing 

velocity was taken. The two frequency components were then combined with spatial drawing error 

through summation to receive an overall spiral score, see equation 3. 

𝑠𝑝𝑟𝑖𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 = 𝑠𝑑 (𝑑𝑦𝑠) + 𝑠𝑑 (𝑡𝑟𝑒𝑚) + 𝑑                                                   (3)   

 

4.6.1. Sampling rate 
The sampling rate or sampling frequency is the number of samples or point obtained in one second. 

Sampling rate, 𝑓𝑠, is therefore measured in samples per second or Hz. 

𝑓𝑠 =
1

𝑇
                                                                                      (4) 

where T is time. Sample rate is important in digital representation, for example in sound, speech and 

touch sensing technology, like smartphones. In signal processing, sampling is converting a continuous 

signal to a discrete signal and the data can thereby be analysed and reproduced in a digital 

representation. The higher sampling rate, the more samples are taken per second and the more 

accurate becomes the signal representation (Gustafsson et al, 2010). 

When looking at a smartphone, the sampling rate is limited by the amount of pixels that the screen 

can read per second, defined as fps (frames per second). On a smartphone, fps can vary from around 

15 to 120 frames per second, depending on the model. In this section two smartphones have been 

used, an older one, Samsung I9001 Galaxy S Plus (called Galaxy S Plus) and a newer one, Samsung I9506 

Galaxy S4 (called Galaxy S4). By measuring ten spirals at each phone, a range of fps has been identified, 

see table 3.  

 
Table 3. Frames per second for the two models, Samsung I9001 Galaxy S Plus and Samsung I9506 

Galaxy S4. The minimum and recommended time for the spiral drawing is also defined. 

Model Frames per second 
 (fps) 

Minimum time  
(50 data points) 

Recommended time 
(200 data points) 

Samsung I9001 Galaxy S Plus 22 – 32  2 seconds 6 – 9 seconds 

Samsung I9506 Galaxy S4  58 – 67  1 second 3 – 4 seconds 

 

Frames per second are of interest in two aspects. The first aspect is to guarantee that the spiral analysis 

has enough data collected to do a proper analyse. From the work by Memedi (2014) a threshold of 50 

data points was decided as an appropriate one. There is no statistical analysis performed to determine 
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the minimum number of data points a spiral must have, but a full dataset consists of data points in a 

ranged between 30 – 300.  

So, from table 3, we can see that the range for Galaxy S plus is 22 – 32 fps, which means that the spiral 

drawing needs to be finished in more than 2 seconds to collect enough data. For Galaxy S4, the same 

amount of data is collected in half the time, around 1 second. But, to be able to get the most accurate 

analysis, 200 data points is recommended, which means 6 – 9 seconds for Galaxy S plus and 3 – 4 

seconds for Galaxy S4. 

The second aspect to consider is the range in which the tremor for Parkinson’s patient is within. From 

Malmquist and Sachs (2014) the coarse wavy tremors is in the range 4-8 Hz. From the spiral analysis, 

the dyskinetic movements is in the range 1–5 Hz, and the tremor movements is in the range 6–10 Hz 

(Westin et al., 2010). When digitizing an analogue signal, as in the case for spiral drawing, the Nyquist 

frequency, or the sampling theorem as it also calls, becomes relevant (Gustafsson et al, 2010). The 

Nyquist frequency 𝑓𝑁 is defined as half the sampling rate 𝑓𝑠, see equation (5). 

𝑓𝑁 =
𝑓𝑠

2
                                                                                      (5) 

This means that frequencies that are higher than half the sampling rate, in our case 11 – 16 Hz for 

Galaxy S Plus and 29 – 33 Hz for Galaxy S4, will not be reproduced. Since the tremor for patients with 

Parkinson’s disease is under 11 Hz, which is the minimum frequency for Galaxy S Plus, this is not a 

problem in this case. But it is worth to consider when applied to other smartphones with lower 

sampling rate and it is important to remember that a certain amount of data points, does not ensure 

a valid collected data in itself. 

 

4.6.2. Spiral drawing 
To visualize the difference between the sampling frequencies, three spiral drawing are attached. All 

spiral drawing has been accomplished by young people, in the age of 25 – 28 years that not have 

Parkinson. The purpose of the spiral drawings has not been to objectively visualize drawing 

impairments of a person with Parkinson’s disease but to expose the application for a stress test and to 

see whether the risk for sampling rate is to be considered critical or not. 

The first spiral drawing, see figure 2, shows a drawing at Samsung Galaxy S4, the newer phone with 

the highest sampling rate. The drawing was completed in 7.2 seconds and collected 411 data points. 

Since only 200 points can be used in the analysis, the remaining part is removed to acquire a more 

comparable result. The sampling rate was 59 frames per second. This figure will be used as a reference 

for a spiral with enough collected data points. 

In figure 3, a spiral drawing is shown on the same phone, Samsung Galaxy S4. This drawing was 

completed very fast, in 0.48 seconds with the purpose of testing how fast a spiral can be drawn. 

Number of data points collected was 30, which does not satisfies the requirements of 50 data points 

to be able to do an accurate analysis but still has a shape that resembles a spiral. 

The third plot, see figure 4, shows a spiral drawing on the other phone, Samsung Galaxy S Plus. This 

drawing was also completed very fast, at 0.55 seconds but only collected 17 data points, which is about 

half the amount of what was collected in figure 3. The sampling frequency was 31 fps. Compared to 

figure 3, the spiral is more rough and angular even though the time is just notably longer. This is a clear 

example of how the sampling time affects the spiral drawing and the analysis, and therefore it is 

preferably to have a device with as high sampling rate as possible. 
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Figure 2. Spiral drawing at Samsung Galaxy S4. The drawing was completed in 7.2 seconds and 411 
data points was collected. The sampling rate was 59 frames per second. 
 

 

Figure 3. Spiral drawing at Samsung Galaxy S4. The drawing was completed in 0.48 seconds and 30 
data points was collected. The sampling rate was 67 frames per second. 
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Figure 4. Spiral drawing at Samsung Galaxy S Plus. The drawing was completed in 0.55 seconds and 
17 data points was collected. The sampling rate was 31 frames per second. 
 

Related to FMEA 
From the analysis applied to PANDA in section 4.5., the sampling rate was considered as a critical risk 

in the motor tests. But when considered the information above that the minimum required time for 

collect data points is 2 seconds (for Galaxy S Plus), which means that if we integrate 2 second as a time 

limit for spiral drawing, the risk is no longer to be considered critical. For newer phones than Galaxy S 

Plus, the minimum required time for drawing a spiral is 1 seconds, which is really hard to manage, 

especially for patients with Parkinson’s disease. 

 

4.6.3. Computer performance 
The hand computer system software in PANDA, is separated in one part that manage underlying 

hardware functions, written in C++, and one part that manage the test battery application, written in 

Java (Westin et al., 2010). PANDA is designed to run at a PC-compatible machine with the requirement 

of a Pentium processor with 256 RAM (Memedi, 2011). The software was integrated with a read-only 

memory (ROM) that the microprocessor can read from but it can’t write to it or modify. This is useful 

if the batteries run flat, since the software will update when being charged and therefore do not lose 

any data. Data files are stored on a flash memory card. (Westin et al., 2010). 

Today, the software efficiency for smartphone devices largely affects the execution of the smartphone. 

The two main software aspects are the computer performance and security performance (Gao, 2010). 

Security performance is an important issue and for PANDA, a protocol based on transfer of XML files 

was made to enable transfer of patient data from PANDA to a central server. This is used to do 

synchronization, for example clock time. (Westin et al., 2010). 



12 
 

PANDA is at the moment adjusted to Samsung I9001 Galaxy S Plus, but when expand to use at other 

devices and models, the computer performance will be a critical issue, according to the FMEA applied 

to PANDA in section 4.5. Since PANDA is developed for Samsung Galaxy S Plus, the model will be used 

as a standard to find critical limits when it comes to screen resolution, operating system, CPU, GPU, 

RAM and VRAM (GSMArena, 2014),. Factors for optimizing the performance such as server 

configurations, software improvements, additional modules or better user experience (Gao, 2010) will 

not be considered. Nor will external factors as cellular communication network, although it is identified 

as one of the most important aspect to guarantee the performance of a smartphone (Gao, 2010). 

 

Screen resolution 
The screen resolution is the number of pixels your screen can display, in each dimension. Screen 

resolution is usually written in the form width x height, for example 1024 x 768. Samsung I9001 Galaxy 

S Plus has the screen resolution 480 x 800 pixels. Minimum required screen size is also 480 x 800 pixels 

or 4.0 inches. 

Operating system 
Operating system (OS) is the program that manages computer hardware resources and other programs 
in the computer or smartphone. Samsung I9001 Galaxy S Plus has the operating system Android OS, 
v2.3 (Gingerbread).  
 

CPU 
CPU stands for Central Processing Unit and is the hardware within the computer where most 
calculations take place. Samsung S Plus has a 1.4 GHz Scorpion processor, Qualcomm MSM8255T 
Snapdragon. CPU is important when it comes to computing power. When a program is not in use the 
CPU is 0 percent. An average computer program requires about 2- 20 percent CPU when up running. 
When running PANDA, the CPU is around 0.33 percent and since the application will be running on full 
screen mode will the CPU not be a critical parameter. 
 

GPU 
GPU is the abbreviation for Graphics Processing Unit and is used primarily for 2D and 3D applications. 
GPU is designed to rapidly create images in a frame buffer, before showing the output on a display. 
The GPU is important, when performing the spiral drawing to make sure information is showed on the 
screen at the same time as the spiral is performed, for best result. Samsung I9001 Galaxy S Plus is 
equipped with Adreno 205. 
 

RAM                
RAM or Random Access Memory is a memory where you can access stored data directly in a random 
order. Samsung I9001 Galaxy S Plus has 512 MB RAM (which corresponds to 352 MB RAM that can be 
used in the phone). When running PANDA, 8.1 MB RAM is used and varies up to 9.44 MB RAM. 
Compared to Spotify (28 MB RAM), Chrome (37 MB RAM) and Instagram (62 MB RAM), PANDA does 
not occupy a substantive part of the phones total RAM. 
 

VRAM 
Video RAM (VRAM) is a work memory that is used in processing graphics and is connected to the GPU 
unlike the RAM that is connected to CPU. A better VRAM will help process graphical works, like spiral 
drawing and tapping test and is therefore of relevance for PANDA. Samsung I9001 Galaxy S Plus is 
equipped with 1.5 GB VRAM. 
 
 
A summary of the critical parameters in computer performance is showed in table 4. 
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Table 4. Critical parameters in computer performance, to be able to secure the quality of the medical 

application PANDA, with respect to spiral drawing and tapping tests. 

Critical parameters Samsung I9001 Galaxy S Plus 

Screen resolution (size) 480 x 800 pixels (4.0 inches) 

Operating system Android OS, v2.3 

CPU 1.4 GHz Scorpion processor, Qualcomm MSM8255T Snapdragon 

GPU Adreno 205 

RAM 512 MB 

VRAM 1.5 GB 

 

Benchmarking 
As smartphones becomes more powerful, the measurements and performance analysis of 

smartphones has led to a hot research topic in mobile computing science (Gao, 2010). Benchmarking 

for computers is quite wide spread, but the performance of smartphone still lack of systematic 

measurement methodology (Huang, J. et al., 2010). One reason for this, according to Gao (2010) is that 

the configuration and specs for the smartphone is relatively confidential which aggravate the progress 

of public performance standards.  

Another complication is that different smartphone OS show large difference in performance due to 

other essential parts in the computer performance (Gao, 2010). Systems are complex and non-

deterministic, and interactions between systems are often even more complex.  For example, if you 

upgrade GPU but not the size of the VRAM, you have the power to handle big amounts of data but not 

enough space to store the data. Some operations are also faster than timer resolution which indicates 

that repeated measurements causes, for example, warming of the cache. 

This results in that existing benchmarking methods focus on different parts of the software, but also 

that they tend to ignore other parts. The outcome different also a lot from what the OS researcher 

wants and what the end-user wants. The main question is to identify what do you want to measure, 

and then try to do it as appropriate as possible. Common measurement problems are, except from 

measuring the wrong thing, drawing inappropriate conclusions, ignoring system interactions, ignoring 

how the system optimizes or using bad statistics. 

 
Related to FMEA 
Related to the FMEA applied at PANDA in section 4.5., the computer performance overall is important, 

but as many parts collaborate, it is difficult to split them apart.  

Although, according to table 4, the critical parameters will be set as default to secure a basic level of 

performance. The screen resolution will be flexible and adjust according to the screen size, but the 

spiral drawing and distance between the tapping fields will be constant. The CPU can be critical in 

collaboration with other parameters, but since the application will be running on full screen mode, this 

is not to be considered critical. The GPU will affect the perceived drawing experience. The quality 

increases when the drawing is in phase, but the lagging will not affect the evaluation since the picture 

does not change until the drawing is complete.  

Since PANDA requires a minimum amount of RAM, separated from other parameters and according to 

this version of the application, this will not cause any limitations at the moment. Though it is worth to 

consider when upgrading the application. 

  



14 
 

4.7. Current smartphone models analysis 

Starting from the information in section 4.6., it is of interest to investigate how this information can be 

viewed in relation to today' smartphone market. I have therefore compared the parameters for 

Samsung Galaxy S Plus with three new smartphone models in the budget segment, from different 

manufacturers, see table 5. These smartphone models were released between July 2013 and May 2014 

and the screen size fulfil the criteria of minimum 4.0 inches (GSMArena, 2014), otherwise the spiral 

will not fit the screen. Even thou older device in the field exists, those were determined as to non-

relevant in accordance to this study. 

Analysing the current smartphone market will give an indication if a general budget smartphone, 

released in the latest year, will meet the requirements that Parkinson’s Digital Assessment sets.  

 
Table 5. Critical parameters for Samsung Galaxy S Plus compared with three new smartphone models 

in the budget segment. 

 Screen size Operating 
system 

CPU GPU RAM Released 

Samsung I9001 Galaxy 
S Plus 

4.0 inches Android 
v2.3 

1.4 GHz Adreno 205 512 MB July 2011 

       

HTC One Mini Silver  4.3 inches Android 
v4.2.2  

1.4 GHz Adreno 305 1 GB July 2013 

Sony Xperia M 4.0 inches Android 
v4.1 

1 GHz Adreno 305 1 GB Aug 2013 

LG Optimus L70  4.5 inches Android 
v4.4.2 

1.2 GHz Adreno 302 512 MB Maj 2014 

 

When analysing the current smartphone market, some models does not fulfil the criteria’s listed in 

table 5. However, when increasing the screen size to 4.0 inches, the computer performance increases 

to an acceptable level. From table 5, we see that the operating system is the same or higher compared 

to Samsung Galaxy S Plus. This is excepted since the release date is later.  

The CPU is smaller or the same for the other three models in comparison with Samsung Galaxy S Plus. 

This is however not a problem since only around 0.33 percent of GPU will be used. Depending on what 

other programs that are running, this could still be a critical parameter and will be further discussed 

when designing the quality application, see section 5. 

From table 5, the GPU is higher than Adreno 205, which is the GPU for Samsung Galaxy S Plus. This 

indicates that the smartphones will work for the PANDA application according to the GPU. However, 

it is not possible to draw conclusions about other GPU standards.  

In this study, I have not compared with other brands such as Nokia and Apple, since they do not have 

Android as operating system, and therefore is not comparable with the same parameters.  

To sum up. The three budget models, HTC One Mini Silver, Sony Xperia M and LG Optimus L70 fulfils 

the requirement set in relation to PANDA and Samsung Galaxy S Plus. Based on this observation, new 

smartphone models are to be considered to have enough computer performance, as long as the size 

screen is 4.0 inches or bigger. 
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5. Quality application 

From section 4, new models of smartphone device will work when connected to PANDA, according to 

the requirements in Samsung Galaxy S Plus. However, the computer performance can still be critical 

depending on the programs that are currently running on the device, especially when considering GPU. 

It is also of interest to measure the sampling rate, and therefore has a quality application been 

designed.  

The aim of the quality application is to be implemented together with PANDA and then be running on 

the device aimed to perform the actual test. The main critical risk that has been identified for securing 

the quality of Parkinson’s Digital Assessment (PANDA) is therefore summarized below,  

 Sampling rate 

 Computer performance 

When identified these parameters, the next step is to design a quality application that will be running 

at the prospective device and will address the user if the phone satisfies the required qualifications or 

not.  

5.1. System test plan 

To be able to create a quality assurance application, a system test plan was performed, see figure 5. A 

test plan defines a systematic approach to testing a system or product, in this case a list of tasks to be 

completed in order to have a complete product in place.  

First, a Product Requirement Specification (PRS) describes the product in a more general, non-technical 

manner with focus on the functionality of the product. The System Requirement Specification (SRS) 

then translates the general requirements into a more technical manner. The System Test Plan (STP) 

includes the parts above and also a plan for how the product or system will be evaluated and verified 

to meet the expected standard (Faulk, 2001). The information between PRS and SRS can be adjusted 

in order to fulfil both their requirements. A schematic figure of the relation between PRS, SRS and STP 

is seen in figure 5. 

 

Product Requirement Specification  
 Makes it possible to download the application to every smartphone and still guarantee the 

safety 

 Signals approved if the device meets the recommended standard 

 

System Requirement Specification  
 Sampling rate has to be at minimum 22 fps 

 Computer performance has to fulfil the standards of Samsung Galaxy S Plus 

 

System Test Plan  
 Measure the sampling rate of the device 

 Evaluate computer performance 
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Figure 5. A system test plan was performed to define a systematic approach in order to have a 

complete product in place. 

 

5.2. Design of Quality application 

When designing a quality application, it is important to consider that the application will be used for 

people with a neurological disease like Parkinson’s disease. This means that the test cannot be too 

complicated, not too many questions and not require fast movements. 

The relevant parameters with respect to computer performance, see table 4 will be included as basic 

requirements in the application. If the device not meet these requirements, for example when it comes 

to screen resolution, screen size or OS, the quality application will not be able to start. When measuring 

the CPU and GPU, it is preferably to show something on the screen that activates both systems. In 

figure 6, an example of a graphics interface is showed where the PANDA logo and the text “powered 

by Cenvigo” is showed on the screen 100 times to measure relevant parameters. If there is not enough 

CPU to suffice for PANDA, the user will be advised to terminate running programs. 

To measure the sampling rate the user need to touch the screen and preferably make a movements 

on the screen to ensure that enough data points will be collected. Instead of performing a spiral 

drawing, the text ”Sweep glass to begin” is added which will enforce the user to touch the screen. The 

sampling rate will be then be measured and PANDA will adjust the recommended time on the spiral 

drawing info according to the recommended amount of 200 data points to perform a spiral analysis. A 

critical limit will be set to match the minimum requirement of 50 data points and if the limit is not 

reached, a message will ask the user to redo the drawing. 
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A prototype of the interactive interface of the quality application designed for PANDA can be seen in 

figure 6. The quality application will be easy to adjust depending on the system test plan for other 

medical device applications. 
 

 

 

Figure 6. An interface for securing the quality. The logo PANDA and the text “powered by Cenvigo” is 

showed 100 times to measure the computer performance. The sampling rate is measured when the 

person sweep the glass to begin the test.  

 

5.3. The use of Quality application 

The quality application will be used as a complement to the investigation in section 4, where the 

identification of relevant parameters is essential to develop a quality application. However, further 

development of the quality application has to be done, principally by the programming, before 

implemented together with the PANDA application. The Quality application can then serve as a 

guideline of which important parameters that needs to be considered, and how to measure these 

parameters.  

The quality application can easily be adjusted to other digital assessment applications, and can then 

proceed from the FMEA for medical device, see appendix. However, the analysis applied to PANDA has 

to be redone to fit the digital application and a new System Test Plan has to be performed. As a result 

from this a Quality application will be designed that meets this new requirements. 
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6. Conclusion 

To be able to secure the quality and security of medical devices, a failure modes and effect analysis 

(FMEA) has been performed. The top highest risks were identified as computer performance and 

analysis, secure verification methods and data-transferring. When applied to Parkinson’s Digital 

Assessment (PANDA), the motor tests and spiral drawing are to be considered the largest risk for 

securing the quality of the application.  

The quality of the spiral depends on the sampling rate and the computer performance. When 

considering the sampling rate, higher rate implicates more accurate result. Today, PANDA is adjusted 

to Samsung Galaxy S Plus and has therefore been used as a reference model. The sampling rate for 

Samsung Galaxy S Plus is 22 – 32 Hz. This leads to that tremor up to 11 Hz are captured, which includes 

tremor from patients with Parkinson’s disease. 

From the analysis applied to PANDA the sampling rate was considered as a critical risk. But for Samsung 

Galaxy S Plus, 2 seconds (50 data points) is the minimum required time to collect enough data for the 

spiral analysis. However, 6 – 9 second (200 data points) is recommended for best results. This means 

that if we integrate 2 second as a time limit for spiral drawing, the risk is no longer to be considered 

critical.  

The computer performance is investigated with respect to screen resolution, operating system, GPU, 

CPU, RAM and VRAM. The computer performance overall is important, but as many parts collaborate 

in a smartphone, it is difficult to split them apart. Compared to three budget smartphones, released in 

the latest year, the computer performance fulfils the required values according to Samsung Galaxy S 

Plus. Based on this observation, new smartphone models are to be considered to have enough 

computer performance, as long as the size screen is 4.0 inches or bigger. 

When designing a Quality application for PANDA, the sampling rate are measured as well as the 

computer performance. The Quality application will be implemented together with the PANDA 

application, and can easily be adjusted to other digital assessment applications.  

6.1. Recommendations 

Based on the conclusion, there is a need for securing the quality for medical device in an increasingly 

growing market of smartphones and telehealth applications. According to the current smartphone 

market, the computer performance will not be considered as critical for the PANDA application, 

however a Quality Application is still needed as a complement. 

The recommendation is therefore to implement the Quality application together with PANDA and then 

use the PANDA application on new smartphone models as long as the screen size is 4 inches or larger.  
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7. Discussion and improvements 

The scope of this report addresses applications related to telehealth. Telehealth applications will 

access an opportunity to integrate continuous monitoring, self-care tools and information transfers in 

to the care delivery system. At the same time, the telehealth market is growing and new technology 

are constantly changing our ways of living.  This also requires higher standard of quality and security 

to maintain the same standard. 

The aim of this study was to do a quality assurance for medical device to be used in telehealth. Applied 

to Parkinson’s Digital Assessment, PANDA, this offers the application to work in bring your own device 

settings. Identifying the possible problems a software product or process could encounter, is a hard 

work and it is easy to not cover all relevant aspects. I have still put a great effort into this and hope it 

can serve as a guideline to other medical device in the same sector. 

With an instant growing market of smartphones and telehealth applications, it is important to have a 

system that is flexible and easy to adapt. Therefore, the quality application developed in this thesis is 

not an end product, but an application that can serve to guarantee the quality of the present 

application. As the technology develops, so do the safety systems that surrounds them. With newer 

phones and higher power and resolution, the algorithms which are the very essence of PANDA, also 

need to develop and improve. For example is the maximum amount of data points that can be collected 

in the spiral drawing is 200, which can be reached within a few second as the sampling rate becomes 

higher and higher. This opens up for a more large-scale data collecting and also a more accurate result. 

Since PANDA is based on research through many years, this means to redo some of the algorithms that 

work and give accurate results today. With this I do not want to clarify that changes takes time, but 

rather that no matter how fast our smartphones becomes, the analysis will still be the same if the 

systems are not able to scale up and readjust. 

This is also to consider when the limitation of a screen size of 4.0 inches is set as minimum. To be able 

to vary the size of the spiral drawing, the research behind the application has to be adjusted and the 

CE marking is no longer valid.   

Further work to be done is to implement the quality application and test the application on different 

models as well as patients in different stages of Parkinson’s disease. When developing medical aid in 

other fields, the analysis need to be adjusted according to the new application and the interface needs 

to be redone. 
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Appendix. FMEA for medical device. 

Failure Modes Effects Analysis (FMEA) 
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Key Output 

Variables once it 
fails (customer 

or internal 
requirements)? 

H
o
w

 S
e
v

e
re

 i
s
 t
h

e
 e

ff
e
c
t 
to

 t
h
e
 

c
u
s
to

m
e
r?

 (
1
-1

0
) 

What causes the 
Key Input to go 

wrong? 

H
o
w

 o
ft

e
n

 d
o

e
s
 c

a
u
s
e
 o

r 
F

M
 

o
c
c
u

r?
 (

1
-1

0
) 

What are the 
existing 

controls and 
procedures that 
prevent either 
the Cause or 
the Failure 

Mode? 

H
o
w

 w
e

ll 
c
a
n
 y

o
u

 d
e
te

c
t 

th
e
 C

a
u
s
e

 

o
r 

th
e
 F

a
ilu

re
 M

o
d

e
?
 (

1
-1

0
) 

  What are the 
actions for 

reducing the 
occurrence of the 

cause, or 
improving 
detection? 

Who 
is 

Resp
onsibl
e for 
the 

recom
mend

ed 
action

? 

Note 
the 

action
s 

taken.  
Includ

e 
dates 

of 
compl
etion. 

        

Intended use Transferring 
patient data 
to care of 
analysis 

Data security 

10 

Not secure data 
transferring 
systems 4 

Via encrypted 
data 

5 200 

More encrypted 
data and safety 
regulations 

    

      0 



23 
 

  Automate 
current 
manual 
process 

More 
requirements, 
more time 
consuming and 
less value to the 
consumer 

7 

Implementation, 
Adoption, Training, 
Education, 
Identifying needs 5 

Innovation 
platforms that 
help 
implementation, 
risk analysis, 
need anaylisis 

4 140 

Involve the 
healthcare in an 
earlier stage 

    

      0 

  Establish 
support tool 
for the 
clinician 

More 
requirements, 
more time 
consuming 7 

Implementation, 
Adoption, Training, 
Education, 
Identifying needs 5 

Discussions 
with healthcare 
professionals 
and identifying 
the needs 

4 140 

Involve the 
healthcare in an 
earlier stage 

    

      0 

Clinical risks Rules, 
policys and 
standards 

The medical 
device do not get 
a certification, 
and is not 
accepted for use 
as a medical 
device. 

9 

Missing paper to 
fill in, long 
processes, high 
standards 3 

To expect long 
process time, 
carefully fill in 
all paper, good 
background 
research 

2 54 

Be updated and 
do more 
research in 
advance 

    

      0 

  Training and 
education 

Not enough 
information 
about the 
medical device 
and intended 
use 

9 

No manuals, 
complicated 
systems, not 
enough time 

4 

Protocols, 
information into 
the healthcare 

2 72 

Manuals, 
systems that are 
easy to 
understand, 
education 

    

      0 

  Clinical 
process 
failures 

Does not work 
as a medical 
device,  7 

Human failure, 
Product failure, 
Technical failure 2 

Clinical risk 
analysis, follow-
up 8 112 

Involvement in 
the whole 
process, support 
and validation 

    

      0 

  Medical-
legal liability 

Patients’ rights, 
confidentially 
information, 
responsibility of 
medical 
professionals. 

10 

Lack of 
knowledge, not 
secure systems,  

3 

Not so much 
since the 
medical 
professionals 
are 
accountable. 

7 210 

More secure 
verification 
method, ID-
control 

    

      0 



24 
 

  Patient 
complaints 
and survey 

Not satisfied 
customer or 
patients 2 

Difficulty in the 
system or product, 
no support 6 

Support, 
information, 
education and 
availability 

4 48 

More present 
support, 
platforms for 
discussion and 
questions 

    

      0 

Safety 
regulations 

The medical 
device is 
used at the 
wrong time 

Wrong analysis, 
misleading 
information 3 

Wrong time in the 
application, loss of 
internet connection 4 

Mobile network, 
an extern clock 

2 24 

An extern clock 
and flexibility in 
the system 

    

      0 

  The medical 
device is 
used by the 
wrong 
person 

Misleading 
information, 
wrong analysis 4 

Login system, 
Safety information 

2 

Login systems, 
safety 
information 7 56 

Safer and more 
personal login 
systems, safety 
information to 
realtives 

    

      0 

Self-
assessment 
questionnair
es 

Choose an 
answer that 
was not 
intended 

Misleading 
information, 
wrong analysis 2 

Misstake, tremor, 
stress, pain, 
missunderstanding 4 

Information, 
demonstration 
of assessment 8 64 

Demonstration in 
home 
environment, 
more information 
to relatives 

    

      0 

Motor test Computer 
perfomance 

Slowness of the 
computer 
system, wrong 
analysis 8 

Not enough 
computer 
prestanda, CPU, 
RAM, screen 
resolution, 
sampling analysis 

5 

Certification of 
a mobile device 
before 
implementation 6 240 

Identify required 
needs, measure 
samplings 
frequency or 
other relevant 
parameters. 

    

      0  

 Misundersta
nd or 
incapability 
to perform 
the test 

Wrong analysis, 
not enough data 
collected 

7 

Tremor, slowness 
of movements, 
instability, stress, 
pain, not enough 
information 

4 

Weigh all data 
together for a 
more accurate 
result 4 112 

Update, 
feedback, 
system control 
and direct 
feedback and 
interaction 

    

      0  

  
Analysis 

 

Analysis of 

picture or 

data that are 

not sampled 

Wrong analysis, 

not enough data 

collected 

 

8 

Not enough 

computer 

prestanda, CPU, 

RAM 

8 

Certification of 

a mobile device 

before 

implementation 

8 240 

Identify required 

needs, measure 

relevant 

parameters 
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