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Introduction: Active participation of patients in their care via self-management is an important pillar to manage chronic conditions. 
Self-management education and continuous support are needed to improve patients’ confidence to take such active role. One way to do 
this is through eHealth technologies. However, those technologies can only be successful when actively used in daily practice and 
when integrated in overall care. Therefore, this study investigated how a self-management eHealth technology could be implemented 
that emphasises the active role of patients in their care.
Methods: The service modelling method was utilized as implementation strategy. The design process consisted of five phases with 
salient stakeholders and consortium members of a European project to develop the service model. Studies with salient stakeholders 
were carried out in three different countries (Italy, Estonia, the Netherlands). A combination between face-to-face and online methods 
facilitated the participatory design process.
Results: Due to the pan-European context, different stakeholders in the three countries were identified. Research nurses and case 
managers were not yet established in practice but once implemented, expected to contribute to optimal implementation. During service 
modelling, a crucial step was revealed: providing self-management training before technology use to let patient familiarise with the 
concept of taking an active role. As HCPs felt that they were not necessarily equipped to guide patients in terms of self-management, 
they also should have access to such self-management training.
Conclusion: By demonstrating a way for implementation while emphasising patients’ active role, we also showed the complexity of 
the method in two ways. First, by demonstrating the fine line between the descriptive and prescriptive model. Thus, showcasing the 
need to recognize that prescriptive models may be hampered by the delay in changing work practices. Second, by highlighting the 
importance of identifying country-specific differences in the pan-European context, revealing that service modelling is not a one-size- 
fits-all approach.
Keywords: service model, self-management, patient empowerment, responsibility, eHealth, COPD

Introduction
Chronic Obstructive Pulmonary Disease (COPD) is a heterogeneous lung condition characterized by chronic respiratory 
symptoms (dyspnea, cough, expectoration and/or exacerbations) due to abnormalities of the airways (bronchitis, 
bronchiolitis) and/or alveoli (emphysema) that cause persistent, often progressive, airflow obstructions.1,2 COPD is 
one of the major problems of public health and is steadily increasing in prevalence, morbidity, and mortality.1,3,4 Because 
of this increase, COPD was listed as third leading cause of death in 2019.5

The management of COPD is complex. One reason for this complexity is that COPD often coexists with other 
diseases, impacting the disease course.1 These comorbidities worsen patients’ outcomes and increase the economic 
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burden and mortality.6–8 Because of these comorbidities, multiple different healthcare professionals (HCPs) are involved 
and ideally, need to work together to provide a multidisciplinary treatment strategy.9 However, this may not always be the 
case in practice, making it challenging to align the different advices. Additionally, the chronic nature of the disease 
implies that the largest part of care is originated at the home of the patient without HCPs having the possibility to monitor 
or support them. The complexity also shows in that patients may experience acute exacerbations: “A episode of sustained 
symptom worsening that might require specialised treatment”.10 Exacerbations negatively affect patients’ health status 
and wellbeing, making early diagnosis and prevention essential.11 Therefore, to manage COPD, quite some effort is 
required from both HCPs and patients. An active role of the patient within their disease management is here essential. 
This is often referred to as self-management.

Self-management can be defined as:

The ability of the individual, in conjunction with family, community, and HCPs, to manage symptoms, treatments, lifestyle 
changes, and psychosocial, cultural, and spiritual consequences of health conditions.12 

It challenges patients to take more responsibility and ownership towards their own health and well-being. With taking 
more responsibility, patients may take charge of their illness and become active participants in care.13

As recently concluded by Wang et al,14 patient empowerment may improve confidence and adherence to self- 
management with self-efficacy mediating this relationship. Self-efficacy refers to the level of confidence in one’s ability 
to perform self-managements activities.12 Patient empowerment can be conceptualised as a process that: “enhances the 
patient’s feeling of control, self-efficacy, coping abilities, and ability to achieve change over their condition”.15 In 
addition, it is increasingly advocated that clinical decision-making takes part in a collaboration between patient and 
clinician (ie, shared decision-making16,17). For a patient to be able to engage in shared decision-making in the first place, 
it can be assumed that some level of empowerment has to be reached already. Therefore, both mechanisms can be 
considered to be important in the process of self-management.

One way to empower patients and support them in their self-management is through eHealth technologies: “The 
actual technological instrument via which health, well-being and healthcare are supported, often information or com-
munication technology”.18 Many benefits are expected; it has the potential to reduce healthcare costs, to improve 
accessibility of healthcare, and to empower patients in their self-management.19–23 To eventually achieve these expected 
benefits for patients, it is important to involve them early on in the different stages of the development process, eg, during 
requirement elicitation, prototype development, and usability testing. Such co-design approaches may enhance learning 
and empower patients.24 In this way, group specific challenges (such as low (e) Health literacy and low motivation25) can 
be taking into consideration early on and the technology can be fitted towards the specific needs and capabilities of the 
patients. In recent years, many self-management eHealth technologies have been developed, aiming to support patients 
with chronic diseases and positively change healthcare (eg,26–28).

An example of such an eHealth technology aiming to improve healthcare and COPD self-management is RE- 
SAMPLE. RE-SAMPLE is a research and innovation project (Horizon 2020 Grant Agreement No. 965315) that aims 
to develop an adaptive virtual companionship programme that supports people with COPD and comorbidities in their 
self-management.29 In addition, a clinical dashboard will be developed to support HCPs monitoring their patients and 
making decisions. RE-SAMPLE collects real-world data (RWD) from cohorts in 3 clinical pilot sites: Medisch Spectrum 
Twente (MST) in the Netherlands (NL), Gemelli hospital in Italy (IT), and Tartu hospital in Estonia (EST). The 
monitoring function of RE-SAMPLE will collect data from a Garmin smartwatch (activity, sleep, heart rate, oxygen 
saturation), data from several questionnaires, and from a Electronic Patient Reported Outcome measure (ePROMs). Such 
monitoring functionalities, ePROMS in particular, have been increasingly used in practice and shown to be beneficial for 
eg shared decision-making and supporting self-management.30,31 This data, among others, will be used to develop 
prediction models through artificial intelligence (AI).29 The virtual companionship programme includes self-management 
support by means of coaching. Thus, all aspects of the technology aim to engage and support people with COPD and 
comorbidities in their care.

These services can only be successful when actively used in daily practice. However, not much is known about the 
roles and responsibilities that stakeholders, especially patients and HCPs should take when RE-SAMPLE is implemented 
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in daily practice. To shape this new way of providing care, an implementation strategy should be prepared as early as 
possible during the development phase of the eHealth technology.32 This strategy should focus on identifying important 
stakeholders, structures, and processes within daily practice. Implementation models may guide this strategy and should 
be a central part of the eHealth technology development. To eventually improve care while using this eHealth technology, 
its implementation should be feasible and realistic, while empowering patients.33,34

There are various methods available for developing an implementation model.32,35–38 This study utilized the service 
modelling method (also referred to as service blueprinting) as it provides a complete picture of implementation processes 
and is clearly demonstrated by means of a service model. A service model is a schematic representation of how an 
eHealth technology should be implemented in practice39 and entails components such as: end-user actions, stakeholder 
actions, and support services.38 It describes all the activities and responsibilities of the stakeholders of a specific eHealth 
technology. An individual or an organization can be considered stakeholder when they affect or are affected by the 
project.40 Because the activities of stakeholders are part of the model, and they will eventually use the service or support 
its implementation, it is critical to understand their needs, concerns, and expectations.41 By engaging stakeholders, their 
interests and needs can be identified and accounted for in the service model, by which support and motivation for future 
implementation of an eHealth technology may be created.39

This paper investigates how a newly developed eHealth technology could be implemented in practice that 
emphasises the active role of people with COPD and comorbidities in their care. To support successful implementa-
tion, the service model was iteratively developed using the service modelling method38 with key stakeholders in three 
European countries. The paper contributes by detailing the process of the service model design and by describing 
a pan-European service model for a COPD eHealth technology that stresses the importance of taking responsibility 
within self-management.

Methods
This study is part of the RE-SAMPLE project. During the time of the current study, the project was in its development 
phase. To develop the service model, this study pursues the iterative and gradual design process as proposed by 
Broekhuis et al.39 In this process, salient stakeholders are continuously involved to incorporate their perspectives and 
needs and to gather their feedback on the different iterations of the service model, to ensure that their perspectives 
have been correctly understood and accounted for. Salient stakeholders are those stakeholders that are giving priority 
to within the project.42 Components of a service model as defined by Bitner et al38 (eg, end-user actions, support 
processes) were taken into consideration during the design process, and project-specific components, such as the 
components of the RE-SAMPLE technology, were added to tailor the service model. In the empirical studies conducted 
at the start of the project (eg, co-creating patient journeys, eliciting user needs, understanding the context), patients 
from all three countries participated in creating the basis for the service modelling. The insights from these studies 
(obtained from patients’ needs, wishes, and experiences), together with the proposed vision within the RE-SAMPLE 
project, were used as input for the building blocks of the RE-SAMPLE eHealth technology. These building blocks 
served as starting point of the service model design, consisting of: peer-to-peer contact (the possibility to be in contact 
with other people with COPD and CCC), data collection (data collected from the Garmin smartwatch, questionnaire 
data, and ePROMS), self-management and coaching (self-management support and coaching on different topics 
relevant for the patient), risk alert (alert from the system when unusual symptoms are detected), data review (process 
in which a HCP reviews the collected data of the patient when unusual symptoms are detected and a data review is 
requested by the patient), exacerbation (worsening of symptoms), and hospitalization. Figure 1 shows a simplified 
version of these building blocks. A more detailed version of this figure was used as starting point to facilitate the first 
iterations.

Design and Setting
Table 1 shows the service model design process consisting of 5 phases with salient stakeholders and consortium members 
to develop the service model involving three iterations of the model. Studies with salient stakeholders were carried out in 
the three different pilot sites of the RE-SAMPLE project. In the studies where consortium members were invited, the 
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different pilot sites and different perspectives were discussed together in break-out and plenary sessions. The studies 
were carried out by the consortium partner leading the task “Service model development” (anonymised for submission) 
between January and August 2022. A combination between face-to-face and online studies facilitated the design process. 
All participants received information about the study and gave their (digital) informed consent before participating. The 
nature of this study does not require formal medical ethical approval. This was assessed by the Medical Research Ethics 
Committee (MREC) Oost-Nederland in terms of the Medical Research Involving Human Subjects Act (WMO) obliga-
tion (File number: 2021–13,319). All procedures were in accordance with the Declaration of Helsinki and the Good 
Clinical Practice (GCP) guidelines.

Round 1. Stakeholder Identification (Clinical Partners of the Consortium)
As the first step in the service model development, potential important stakeholders were identified in all three pilot sites, 
by means of an online workshop conducted with the clinical partners within the project. This workshop aimed to identify 
stakeholders that might be important to put the eHealth solution into practice. Clinical partners from the RE-SAMPLE 
consortium were asked as domain experts43 to identify relevant stakeholders for the stakeholder identification. These 
members were first asked to create a general list of important stakeholders for their respective country and later created 
a top 15 of the most important stakeholders. Discussions during the workshop were audio recorded, and stakeholder 
identification exercises were documented within Mural,44 an online platform for visual collaboration. Results from the 
Mural board were used as input for round 2.

Round 2. Stakeholder Saliency Analysis (Consortium Members and Potential Stakeholders)
Using the outcomes from the stakeholder identification workshop, an online stakeholder saliency survey (Supplementary 
Material 1) was designed in Qualtrics45 applying the constructs: power, legitimacy, and urgency.42 The goal was to identify 
the salient stakeholders of the RE-SAMPLE project by help of direct stakeholders in each pilot country. The survey was designed 

Peer-to-peer contact Data collection Self-Management and 
Coaching

Risk alert

Data reviewExacerbation

Hospitalization

Figure 1 Building blocks of the RE-SAMPLE eHealth technology.
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in three parts representing the three constructs. For each construct, participants could rate on a 5-point Likert scale whether 
a certain stakeholder was salient (1: not at all - 5: very much). The survey was distributed via e-mail and shared with both HCPs 
and people with COPD. Outcomes were analyzed using descriptive statistics. For each pilot site in RE-SAMPLE, the top 5 (the 
highest mean) were identified to be the most salient.

Round 3. Identification of Current Practices (Salient Stakeholders)
The results of the stakeholder salience survey were used to invite salient stakeholders to the first workshop. Three 
(online) workshops were carried out in the different pilot sites to collect input for the development of the initial service 
model (Version A). This workshop aimed to collect information about current COPD care practices and the desired roles 
and responsibilities within the eHealth technology in each pilot site. To achieve the workshop goals, an inventory of the 
current situation and identification of weak and strong point in care was made. A patient journey, developed in the early 
phase of the project and based on interviews with both patients and HCPs in all 3 countries, was used during these 
activities to support the inclusion of the patient perspective.46 In line with the user-centred design process,47 a persona- 
and scenario-based approach was utilized to understand and discuss the current care practices, which facilitates the 
design of the new situation (ie, using the eHealth technology in practice). The desired roles and responsibilities of salient 
stakeholders and potential strengths and weaknesses of current practice of care were discussed. All workshops were 
audio-recorded, and workshop outcomes were documented within Mural or with the use of post-its (depending on 
whether the workshop was online or offline). Both documented and audio-recorded data collected during the workshops 
were combined and used as input for the initial service model development (Version A).

Table 1 Overview Design Activities of the RE-SAMPLE Service Model

Phase Activity

1 Stakeholder identification
● Method: Workshop
● Content: Identifying potential stakeholders, generating top 15
● Participants: Clinical partners within the RE-SAMPLE consortium

2 Stakeholder saliency analysis
● Method: Survey
● Content: Rating of power, legitimacy, and urgency
● Participants: Consortium members and potential stakeholders

3 Identification of current practice
● Method: Workshop
● Content: Inventory of current COPD care, desired roles, and responsibilities
● Participants: Salient stakeholders

Design of initial service model (Version A)

4 Feedback (Consortium partners)
● Method: Workshop
● Content: General impressions, desired activities, roles, and responsibilities.
● Participants: Partners within the consortium

Optimization of service model (Version B)

5 Feedback (Salient Stakeholders)
● Method: Workshop
● Content: General impressions, desired activities, roles, and responsibilities.
● Participants: Salient stakeholders

Finalization of Service model (Version C)
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Round 4. Feedback (Partners Within the Consortium)
The goal of this workshop with consortium partners was to show the initial service model (Version A), receive feedback 
and gather specific points for improvement. The workshop was designed in a funnel manner: starting with general 
impressions, and gradually zooming in to the different activities and roles and responsibilities within the initial service 
model. Meaning that the workshop started with gathering broad first impressions. Thereafter, detailed feedback was 
provided by looking into specific strong and weak points, the different roles and responsibilities, and ways to improve the 
service model. All exercises were facilitated using Mural. The workshop was audio recorded and analysed using the 
Mural results. These served as input for another round of optimizing the service model (version B). This version would 
later be used during the subsequent workshops with the salient stakeholders.

Round 5. Feedback (Salient Stakeholders)
Three (online) workshops with stakeholders in each pilot site were held during the final round. Both stakeholders who 
were present and who could not be present during the first workshop were invited to participate in the second and final 
feedback workshop. Through the process of feedback, new roles were identified to be affected by the eHealth technology. 
Therefore, these other additional stakeholders were also invited (such as GP nurses in Estonia). This workshop aimed to 
show the second version of the service model (Version B) and to receive feedback from the salient stakeholders. The 
same workshop design and its activities used during round 4 were applied to round 5. Data was analyzed per pilot site 
using the audio recordings and documentation of Mural. General improvements to the model were combined, and pilot 
site-specific differences were identified and incorporated to finalize the service model (Version C).

Results
As results from different study rounds in the three different pilot sites were collected, key findings of the studies are 
presented in the sections below.

Participants
A total of N=50 unique stakeholders helped facilitate the design process of the RE-SAMPLE service model. N=29 
stakeholders filled in the survey anonymously, of which some might have joined the workshops. Participants had 
different backgrounds: People with COPD, (clinical, senior) researchers, pulmonologist(s), healthcare specialist(s), 
nurse practitioner, specialized nurse, rehabilitation physician, GP, EU Affairs officer, clinical specialist, assistant 
professor, PhD candidate(s), social worker, head of institute at a university, program manager, pulmonary residents, 
research nurse, physiotherapist, postdoc student, EU Affairs Officer, epidemiologist, physician assistants, and participants 
from the ICT department (technical data consultant, and IT cloud and infrastructure-architect). Four participants only 
mentioned their workplace: city government, laboratory, ministry of social affairs, and health insurance fund. Some 
participants participated in multiple studies. An overview of participants per study can be seen in Table 2.

Table 2 Overview of Participants in Each Study Conducted in the Respective Country

The Netherlands Italy Estonia

Stakeholder identification workshop (Clinical partners of the consortium) Jan 2022 N=7 (NL N=1, IT N=5, EE N=1) 

Stakeholder Salience survey (Consortium members and potential stakeholders) (21.01.–25.03.2022) N=9 N=11 N=9

Identification of current practice (Salient stakeholders) May/June 2022 N=6 N=9 N=5

Feedback (Consortium partners) June 2022 N=13  

(NL N=6, IT N=2, EE N=2, others N=3) 

Feedback (Salient stakeholders) July 2022 N=12 N=10 N=3
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The Service Model Design Process
Round 1. Stakeholder Identification (Clinical Partners of the Consortium)
Table 3 shows an overview of the stakeholder identification for all three countries. For Estonia, 33 potential stakeholders were 
initially identified and narrowed down to the following list of 15 most relevant stakeholders (these are randomly ordered): People 
with COPD, General Practitioner (GP), pulmonologist, pulmonary nurse, physiotherapist, caregiver (family member), cardiol-
ogist, information specialist, social ministry, management of laboratory, insurance company, Information and Communication 
Technology (ICT) department, legal department, head of pulmonary outpatient department, innovation manager. For Italy, a total 
of 40 potential stakeholders were mentioned in the first identification. As for Estonia, the list was narrowed down to the 15 most 
relevant stakeholders, namely: People with COPD, GP, pulmonologist, pulmonary nurse, physiotherapist, caregiver (family 
members or close people), cardiologist, diabetologist, nephrologist, radiologist, nutritionist, ICT department, hospital board, 
region/health institution, Specialized Continued Assistance Units (USCA). This list was randomly ordered. For the Netherlands, 
37 potential stakeholders were mentioned in the first identification. Followed by the 15 most important stakeholders (these are 
randomly ordered): People with COPD, GP, pulmonologist, specialized nurses at outpatient department (eg, self-management), 
physiotherapist primary [care], caregiver/family member, cardiologist, diabetologist (other specialist in general), psychologist/ 
psychiatrist, pharmacist primary [care], insurance companies, ICT department, hospital board, hospital purchasing department, 
innovation manager.

Round 2. Stakeholder Saliency Analysis (Consortium Members and Potential Stakeholders)
The results from the different constructs of the stakeholder saliency analysis are shown in Table 4. The saliency analysis 
revealed several similarities of salient stakeholders between pilot sites. Nevertheless, some important differences were 
identified. First, there were differences when it comes to certain HCPs. Physiotherapists were mentioned in both Italy and 
Estonia to be legit and justifiable stakeholders to include in the process. However, they were not stated to be most salient 

Table 3 Overview of the Stakeholder Identification in Three Countries (Estonia, Italy, the Netherlands)

Estonia Italy The Netherlands

People with COPD People with COPD People with COPD

GP GP GP

Pulmonologist Pulmonologist Pulmonologist

Pulmonary nurse Pulmonary nurse Specialized nurses at outpatient 
department (eg, self-management)

Physiotherapist Physiotherapist Physiotherapist primary [care]

Caregiver (family member) Caregiver (family members or close 

people)

Caregiver/family member

Cardiologist Cardiologist Cardiologist

Information specialist Diabetologist Diabetologist (other specialist in general)

Social ministry Nephrologist Psychologist/Psychiatrist

Management of laboratory Radiologist Pharmacist primary [care]

Insurance company Nutritionist Insurance companies

ICT department ICT department ICT department

Legal department Hospital board Hospital board

Head of pulmonary outpatient 

department

Region/state health institution Hospital purchasing department

Innovation manager USCA Innovation manager
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Table 4 Stakeholder Saliency Analysis (EST, IT, NL)

Construct Power Legitimacy Urgency

Country EST IT NL EST IT NL EST IT NL

M SD M SD M SD M SD M SD M SD M SD M SD M SD

People with COPD – – 3.91 1.30 – – 4.89 1.58 – – 5.00 0.00 4.11 1.89 4.36 0.92 4.67 0.71

Informal caregivers – – – – – – 4.00 1.65 4.00 1.26 4.22 1.09 – – 4.09 0.83 – –

Pulmonologist 4.22 1.55 4.55 0.82 4.78 0.44 4.89 1.58 3.82 1.33 4.89 0.33 4.44 1.56 4.27 0.79 4.78 0.44

Pulmonary nurse 4.00 1.78 3.55 1.21 4.33 0.71 4.89 1.58 3.82 1.08 4.78 0.44 4.56 1.60 4.00 0.77 4.56 0.53

General practitioner 3.89 1.51 4.00 0.77 – – 4.56 1.65 3.82 1.40 4.44 1.01 4.11 1.70 3.82 0.60 3.89 1.27

Specialized nurses at the outpatient department – – – – 4.22 0.83 – – 4.36 0.81 4.56 0.53 – – – – 4.44 0.73

Head of pulmonary outpatient department 3.89 1.51 3.73 1.62 – – – – – – – – 3.89 1.84 – – – –

Hospital board 3.89 1.84 – – 3.78 1.39 – – – – – – – – – – – –

Physiotherapist – – – – – – 4.11 1.49 4.09 0.54 – – – – – – – –

Innovation manager 4.67 1.75 3.55 1.57 – – – – – – – – – – – – – –

Social ministry – – – – – – – – – – – – 3.89 1.90 – – – –

Insurance company – – – – 4.44 0.73 – – – – – – 3.89 1.90 – – – –

ICT department – – – – 3.89 1.45 – – – – – – – – – – – –

USCAR – – – – – – – – – – – – 4.33 2.77 – – – –

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; HCPs, healthcare professionals; RWD, real-world data; MST, Medisch Spectrum Twente; IT, Italy; NL, the Netherlands; EST, Estonia; ePROMS, Electronic Patient 
Reported Outcome measures; AI, artificial intelligence; MREC, Medical Research Ethics Committee; WMO, Medical Research Involving Human Subjects Act; GCP, Good Clinical Practice; GP, general practitioner; ICT, information and 
communication technology; USCA, specialized continued assistance units.
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in the Netherlands. The GP, pulmonary nurse, and pulmonologist were identified in almost all categories in all the three 
pilot sites. Only the Netherlands did not rate the GP to have power in the process. There were also some differences in 
the rating of people with COPD. In Italy, people with COPD were rated to have power, but they were not rated to have 
power in Estonia nor the Netherlands. In the Netherlands and Italy, the needs and wishes of people with COPD were 
rated to be most urgent. In Estonia, people with COPD were also stated as urgent but others (eg, pulmonary nurse) were 
rated to be more urgent. In Italy, people with COPD were not identified in the legitimacy category, although this is in 
contrast with their urgency rating. There were also some differences regarding other stakeholders or organisations. The 
insurance company was mentioned in the Netherlands to have power and in Estonia to be urgent but not identified in any 
of the categories for Italy. The innovation manager was mentioned in Italy and Estonia to have power but not mentioned 
at all for the Netherlands. The hospital board was identified in the Netherlands and Estonia, but not in Italy. Finally, the 
Social Ministry appeared to be important in Estonia but was not identified in any of the categories in the other countries.

Round 3. Identification of Current Practice (Salient Stakeholders)
The results showed some similarities between the pilot sites in ways to implement the technology in the future. In all 
pilot sites, participants indicated that some sort of HCP could play a role in introducing the eHealth technology to the 
patient and help with the onboarding and data review. However, the type of HCP differed between pilot sites. For 
example, in Italy, the physician or GP would fulfil most of the roles and responsibilities in the new situation. The GP is 
the first contact point of the patients and therefore very important to involve. The research nurse might help in the 
onboarding, but this is a new role within Italy that is not fully operating yet. In Estonia, most of the responsibilities 
regarding the onboarding will be for the pulmonologist, the nurse, or even a trained specialist. In the Netherlands, it 
appeared that this is the responsibility for the specialized nurses and the pulmonary nurse who apparently play a crucial 
part in the disease management of the patient with COPD. It also appeared that in Estonia, the ministry of social affairs, 
city government, and social welfare could possibly play some roles in terms of introducing the eHealth technology to the 
people with COPD. However, these stakeholders and roles were not mentioned in the other pilot sites.

The results also revealed challenges regarding how care is organized in the different pilot sites. In Italy, for example, 
there is no technical system available with which both the GP and the clinicians in the hospital can communicate results. 
Additional tests can be performed in or outside the hospital and the patient needs to bring the results themselves to a GP 
or physician for them to analyze it. In the Netherlands, the communication between the hospital and the GP could be seen 
as a strength of current care, given that it is digital. Another difference is that in Estonia, patients are facing long waiting 
lists of specialized care, while in the Netherlands there are short waiting times. These results demonstrated the need to 
differentiate between the different pilot sites within the service model.

Round 4. Feedback (Partners Within Consortium)
The results revealed that some important steps within the service model were missing. It became clear that the service model is 
currently heavily focused on people with COPD. While this reflects the patient-centered approach of the project, clinical partners 
emphasized that HCPs also have an important role within the project, which in their view was underrepresented in Version A of the 
service model. For example, in Version A, the clinical dashboard for HCPs was not included and neither was the potential value it 
could provide for professionals. Furthermore, it was critically discussed that the patient is notified that their symptoms worsen, and 
they are asked whether they want to have a data review from an HCP. The motivation behind this was that patients are aware of 
their context and might be able to assess, whether they need an assessment. Thus, in terms of patient empowerment, they are 
responsible to take action instead of an automatic request that add to the workload of professionals. However, this was critically 
discussed by the clinical partners in the consortium, given that some patients might ignore this. Some first suggested that this 
should go directly to the HCP, but after consideration about the workload, agreed that a notification could also be provided to the 
HCP after the patient has repeatedly ignored their notification. Thus, in the HCP dashboard, the possibility for the professionals to 
see the patient’s exacerbation risk should be described. Although the responsibility to act still lies with the patient, the professional 
should be able to see any changes related to their exacerbation risk. Furthermore, it was also mentioned that there should be an 
eligibility screening added before the onboarding. Although multiple HCPs could inform the patient about the technology, the 
pulmonary department should be responsible for the eligibility screening. In this way, the responsibility lies within one specialty.
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Another process that was missing in Version A was a self-management training before patients start using the 
application. The clinical partners reported that a lot of patients may not be familiar with self-managing their disease. 
Therefore, they should receive training about how to self-manage their disease, receive information about how the 
eHealth technology can support that, and create a possibility for patients to ask follow-up questions. In this way, the 
patient knows what to expect and is supported before starting the eHealth technology.

Finally, the partners stated that during an exacerbation, it is also possible that the patient receives home treatment. Not 
all patients need to be hospitalized when going through an exacerbation. This should therefore be added to the model. 
There were also some stakeholders missing in the initial version of the service model. These were mainly clinicians who 
are specialized in comorbidities. However, it was also mentioned that the outpatient clinic for Italy should be removed as 
a responsible stakeholder for the onboarding, and that some (new) roles (eg, research nurse) might be added, even though 
this is not a fully operating role yet. This means that the next version of the service model needed to include those 
processes and stakeholders that were currently missing.

Round 5. Feedback (Salient Stakeholders)
During the final feedback round, some general improvements were suggested by the stakeholders in the respective pilot site. First, 
the clinical dashboard should be separated from the application for the patients. It was not clearly shown how the clinical 
dashboard is something meant for HCPs and that should therefore be changed. Furthermore, comorbidities were not represented in 
the model. It was not clear where actions or activities need to take place for the comorbidities, and who needs to be involved in this. 
These should also be visualized and described in the model. This version of the model is too much focused-on COPD.

Regarding the self-management training that should take place before the start of the eHealth technology, it was 
explicitly mentioned that there should also be a training for the HCPs responsible for training patients. This was mainly 
the case in Italy and Estonia where it is sort of a new concept, but in the Netherlands, participants also said that there 
should be a clear manual with instructions. As regards to the self-management training itself, it should contain both face- 
to-face contact and technology supported training. It was suggested that, for example, in the beginning, there should be 
more face-to-face contact to educate patients on how to self-manage their disease with a more controlling role from the 
HCPs. In this way patients can gradually learn about self-management.

For the assignment of data reviews, it was discussed that the responsible HCP should have a wider clinical view. 
Because there are comorbidities involved, it may be the case that pulmonary nurses are not the ones who can answer all 
questions. Considering that case managers do not yet exist in Italy, Estonia, or the Netherlands, it was concluded not to be 
realistic for now of adding them with the full responsibility in the service model. However, it was mentioned to be a good 
alternative for the future when such roles have been introduced in practice.

Analyzing the workshops showed that several differences between the pilot sites exist. In Estonia, there should be 
some sort of case manager (eg, nurse) who will also help patients with technical support. However, in the Netherlands, it 
was explicitly stated that HCPs should not help with technical support. They should only be responsible for the 
symptoms and content-related questions; technical questions should be answered by some sort of help desk. 
Furthermore, in Italy, it was explicitly mentioned that caregivers should also be included as a stakeholder. Since it is 
the case that the caregiver accompanies the patient at every appointment, it was discussed that they should also be 
involved with the self-management training. However, this was not at all discussed in Estonia and the Netherlands.

Finally, it was discussed in Italy, that the ways of communicating exacerbation risks to the patients would require 
some serious attention for the eHealth technology development as a whole. They stressed the importance of not worrying 
patients too much if this is not necessary. Thus, they were cautious about showing the risk alert to patients in the first 
place. Participants in Italy indicated that it would be better to lie this responsibility at the HCPs. Thereby letting HCPs 
receive the risk alert and letting them be responsible for the subsequent action to take. Others agreed that if showing the 
risk, it should be thoroughly investigated how this can be best shown so that chances are reduced that patients would 
worry unnecessarily after seeing such an alert.
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The RE-SAMPLE Service Model
The various phases of the service modelling process including the feedback provided by salient stakeholders and clinical 
partners within the consortium enabled the development of the final service model (Version C) (Figure 2). This model 
shows the different activities, roles, and responsibilities within the three pilot sites, and is described below:

Introducing the RE-SAMPLE Application and Garmin Smartwatch
There are different groups involved in the current RE-SAMPLE technology; HCPs, the patient with COPD, and others. 
The patients may be informed about the technology (consisting of an application and smartwatch) in two ways: 1) The 
HCPs or others introduce it to the patient, or 2) The patient gets to know about the technology from their own search or 
by flyers in the waiting room from different departments and professionals. The patient then learns about the technology 
and decides whether or not he/she wants to join. If the patient wants to join, the eligibility screening can take place. 
During this screening, the pulmonary department (in case of the current project) checks if the patient is eligible for 
participation based on certain parameters. If the patient is eligible, onboarding can take place.

Onboarding
During the onboarding, the patient receives a wearable (which is set up during the appointment), gets information about 
the application, and fills in baseline questionnaires together with the one responsible, which differs per country. In the 
Netherlands, the pulmonary nurse, the research nurse, or the ICT helpdesk will be responsible. The onboarding itself is 
the responsibility of the pulmonary nurse or research nurse. In case of questions, the patient can ask content-related 
questions to these professionals. For technical support, or when experiencing technical issues, the patient can contact the 
ICT help desk from the hospital. In this way, HCPs save time and can answer more specific questions. In Italy, the 
onboarding is the responsibility of the physician or nurses. Since nurses see the patients quite often, they can do the 
onboarding with the patient. However, depending on the time and setting, physicians can also perform this activity. For 
Estonia, it is still unclear whether GPs will be involved. Depending on the decision that GPs are going to be actively 
involved in the implementation of the eHealth technology, GP nurses can perform the onboarding with the patients. 
Otherwise, physicians (eg, pulmonologists) will be responsible for this step. In case research nurses will become 
a sustainable role in Italy in the future, this activity can then become their responsibility. However, this role is currently 
not fully operating in practice, but they are planning on doing so in the future.

Self-Management Training
After the onboarding, the patient will receive self-management training on their disease and comorbidities. It is also 
explained what the eHealth technology does to support them in their self-management, and patients can ask follow-up 
questions. This will be the responsibility of the pulmonary nurses in all three pilot sites. The training is provided in 
a hybrid way. Meaning that the first appointment will probably take place face-to-face, and the HCP will have a more 
controlling role in the beginning. Depending on the patients’ health literacy, it can be decided to increase or decrease the 
number of face-to-face appointments and the level of control the pulmonary nurse will have. However, before the ones 
responsible will provide the self-management training to patients, they should first receive a training themselves on how 
to educate patients and on how to support them in their self-management. In this way, all responsible pulmonary nurses 
can support the patient and learn self-management in the same way.

The RE-SAMPLE Technology
After the self-management training, the patient can start using the application. This consists of peer-to-peer contact, self- 
management, and data collection. During the usage of the eHealth technology, the patient wears the wearable, fills in 
questionnaires and the symptom diary, and uses the self-management module. There is a separate application for HCPs 
which is called “clinical dashboard”.

Peer-to-Peer Contact
The patient can make use of the peer-to-peer contact feature, by which (s)he can chat with other patients with the same 
disease. If the patient decides to not use the data collection part of the eHealth technology, (s)he can still use the chat. The 
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Figure 2 Final service model of RE-SAMPLE.
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peer-to-peer contact is the full responsibility of the patient. (S)he can also decide to not use this feature at all. The HCP 
can join the peer-to-peer contact. Details on in what exact way HCPs can join were not elaborated upon yet.

Self-Management
The self-management component consists of different activities. The patient can make use of goal setting, education, 
action plan, and coaching. With goal setting, the patient can define specific goals which might be set up during the shared 
decision-making in the consult or might be set up by the patient him/herself. Using the educational feature, the patient 
can learn more about specific topics (eg, the technology, their disease, self-management, medication use, benefits of 
physical activity, etc.). Some of these modules might be useful for patients shortly after starting with the programme. 
Others may be useful after an exacerbation or other events. A patient’s action plan can also be viewed in the technology. 
By including the action plan, the patient can follow certain steps themselves when a worsening of symptoms is happening 
before asking for a data review request. Finally, coaching will also be available. Being coached on a specific topic might 
be motivated by different sources, for example, they might be intrinsically motivated, be made aware by an HCP or an 
interest was sparked when looking at trends and progresses. As with the education feature, coaching will be provided for 
different topics. It is important to note that if the patient decides not to use the data collection, he/she can still use the 
self-management feature within the technology.

Data Collection
Data collection needs to be performed to support the monitoring feature and risk prediction. Data is collected by wearing 
a Garmin smartwatch (physical activity, sleep, heart rate, oxygen saturation) and filling in questionnaires and ePROMS. 
Based on these RWD, trends and progress can be visualised, and risk predictions can be made. Both the trends and 
progress and the risk predictions are input for the risk alert. Here, the patients receive a notification when there is 
something out of the ordinary that indicates a higher risk of developing an exacerbation. The system then offers a data 
review performed by a HCP, which the patient can accept or decline. The control whether a data review is requested or 
not is the full responsibility of the patient. When a review is requested, it would be ideal to have an algorithm to assign 
the request to the appropriate HCPs, this is currently not included in RE-SAMPLE. Therefore, the case manager could 
have the responsibility to assign the review to an HCP. However, the case manager is currently not operating in practice 
in Italy and Estonia, but something they want to include in the future. The Netherlands does not have such a case 
manager to perform those tasks, nor is it planned to establish this role. Therefore, the specialised nurse or the physician 
needs to be responsible for assigning the review to HCPs. For Italy, this will be the responsibility of the physician or 
the GP. For Estonia, this will be the responsibility for the GP or the specialised nurses. The responsible HCP then reviews 
the data and risk predictions made and decides whether or not additional tests are needed. In case of no additional tests, 
the patient is informed and continues using the eHealth technology as usual. In case of additional tests, the patient is 
asked to have these tests performed. In the Netherlands, these additional tests are either the responsibility of the Shared 
Care Facility (SCF) or the hospital. For Italy, it will be the responsibility of the GP or the hospital to perform the 
additional tests. For Estonia, it will be the responsibility of the clinic. After performing these tests, the results need to be 
shared with the patient. This will be the responsibility of the pulmonary nurse or physician in the Netherlands, and the 
GP or specialised nurses in Estonia. For Italy, sharing the results are the responsibility of the physician (eg, pulmonol-
ogist) or GP, although in some cases the patient also has some responsibility to transfer results between HCPs, because in 
Italy systems are not connected. Without patients taking responsibility, it might be that results are not shared; therefore, 
patients have a role in this activity. It may be possible that when sharing the results, a consult is necessary for additional 
explanation and follow-up. Here, the risk prediction will be discussed and through shared decision-making, next steps are 
decided upon. For example, it could be that it will be discussed that certain medication or treatment needs to be changed, 
other goals need to be set, or that the coaching plan will be changed. The same HCPs who are responsible for sharing 
results are also responsible for this step. After the consult, the patient is invited by the technology to reflect on their 
patterns to look what happened the days before the worsening of the symptoms. This is the full responsibility of the 
patient. The patient can use the reflection so that over time, one might be able to identify their personal patterns (for 
example, too much exercise). They can thereafter use the application as usual.
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Clinical Dashboard
HCPs are supposed to use the clinical dashboard. This dashboard has different features: multidisciplinary communica-
tion, patient contact, decision support, and risk overview. With multidisciplinary communication, HCPs can easily 
communicate with other care departments or specialists. Furthermore, the HCP can contact their patients, see the risk 
prediction, and trends and progress of the patients. When the patient him/herself does not undertake any action upon the 
risk alert, the professional receives a notification about the elevated risk. In this way, the responsibility still lies by the 
patient, but the HCP can see risk in case the patient is not responding to their notifications. The clinical dashboard will 
contain decision support which can then facilitate shared decision-making.

Worsening of Symptoms
The patient might experience an acute exacerbation or flare-up at some point, which may even lead to hospitalization or 
can be treated at home. After the hospitalization or at home treatment, the patient will hopefully recover. After the 
recovery, the patient is invited to have a reflection on patterns by using the symptom diary to look at the days before the 
worsening of the symptoms. Here, the patient will pay attention to potential symptoms that were experienced that could 
trigger a worsen of the symptoms. This reflection is the full responsibility of the patient. Thereafter, the patient can 
continue using the application as usual.

Discussion
The results outline the process and results of a service modelling process that also illustrate the complexities of 
implementing an innovative eHealth technology in practice. In the following, we will discuss the results related to (1) 
the role of patients within a service model for a COPD self-management eHealth technology and (2) the iterative method 
of service modelling for an innovative eHealth technology still under development.

Shifting Responsibilities: Empowering Patients to Actively Engage in COPD 
Self-Management
This study revealed that according to clinical partners and HCPs, not all patients are ready to take an active role and 
responsibility that was envisioned with this eHealth technology for self-management. It became clear that some patients 
need to be familiarised with the concept of patient empowerment and their new role before using the technology. This is 
especially important in countries where self-management is a relatively new concept. Empowerment will not happen 
overnight but can rather be seen as a process for “identifying needs, taking action, and gaining mastery over issues that 
are self-identified as important”.48 It provides patients with knowledge, skills, and responsibility to effectively change 
their behaviour.49 In this way, patients will gradually develop a better sense of self-efficacy, and this may lead to a better 
management of one’s disease.50 In the final service model, we try to empower and prepare patients by providing self- 
management training before starting to use the technology which may have beneficial effects during the eHealth use. 
Thus, instead of solely looking at implementation of the technology, this study also revealed a crucial step before starting 
the actual technology use: preparing and empowering patients to reflect on their role and to take responsibility as active 
partner in their care, also often referred to as patient activation. When highlighting all aspects of patient activation, it can 
be effectively used to improve self-management and clinical outcomes.51 As low levels of activation are common in 
patients with COPD,52 patient activation is in our opinion, a crucial step in every (e)Health intervention for this, and 
other, target population(s). One might think of this as a rather simple step, but practice shows that this step of “activating 
patients” is often neglected.53 Therefore, this paper acknowledges this importance by adding self-management training 
before starting to use the intervention to gradually familiarise patients with taking (some of the) responsibilities.

Besides patients in some countries not being used to take responsibility, results also revealed that not all HCPs can let 
go of their responsibility and their need to monitor and control. Some would rather receive notifications and take 
responsibility in an attempt to protect the patient from getting notifications, seeing their data and maybe getting worried. 
Similar results were found by Grünloh et al,54 in which this paternalistic approach was also found to be present, even 
though HCPs did not seem to be aware of this. While this approach is likely based on good intentions, it defeats at the 
same time the purpose of self-management. Part of this aim is that patients take responsibility for their disease 
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management, eg, taking responsibility of the risk alerts they receive. Undoubtedly, not all patients are immediate capable 
of fully taking this responsibility, and this should be guided by the HCP. Therefore, responsibility from HCP may still be 
required at times (eg, receiving an alert if the patient does not take any action). This is in line with one of the conditions 
of Redman55 for successful empowerment: giving responsibility should be gradually. Hence, patients should be prepared 
for taking their own responsibility. To truly increase the self-management of patients in such technologies, the 
responsibility to act should eventually lie with the patient. For this reason, this service model highlights the possibility 
of self-managing one’s disease by taking their own, but prepared, responsibility within the eHealth technology.

Methodological Reflection on Service Modelling for Implementing the eHealth 
Technology
This study illustrated the importance of developing a service model from an early stage in the project. Through the 
process of modelling, new requirements were identified that impacted both the project and the technology design. For 
example, as mentioned before, it became clear that HCPs should receive an alert when no action is taken from patients. 
As a consequence, the technology should be able to send those notification to the clinical dashboard of the HCPs, and 
further studies in the project should investigate the patient perspective of notifying the HCP of their inactivity and the 
effect of taking away a degree of responsibility from the patients. This was not uncovered during early requirements 
elicitation activities and showcases the necessity of early-stage service modelling.

Furthermore, this study also showed the importance of identifying context- and country-specific differences to 
increase the chances of successful implementation. The RE-SAMPLE project aims to implement its technology in 
three different countries. Thus, its implementation should also take place locally. Therefore, the service model had to take 
into account their context to fit to existing structures and possibilities within the healthcare systems of the respective 
countries. Revealing that service modelling is not a one-size-fits-all approach, not even within one project.

Finally, as previous research also revealed, the implementation of eHealth in general, and the use of 
implementation models and their related methods is complex.56–58 This study demonstrated similar results by 
illustrating the complexity of the service modelling method. In particular, we encountered the challenge between 
developing a more descriptive versus a very prescriptive service model. On the one hand, it is important to 
develop a service model that aligns with current practice to facilitate the implementation process. If the service 
model is too far away from current practices, the implementation might fail and/or HCPs might refuse to use the 
new technology. On the other hand, a new technology is also supposed to change current practices, making them 
more efficient for example. So, while there are some descriptive elements (ie, current practices, roles, responsi-
bilities), there are of course also several prescriptive elements in the service model that describe the new ways of 
working. It is a delicate balance how far one can go with prescribing new ways of providing care, even with the 
support of stakeholders who share new visions or plans to change provision of care. For example, in this study, 
research nurses in Italy were supposed to get more responsibilities in the future. However, this has not been 
established yet in current practice. Some roles (such as the case manager) are not yet operating, making it too 
risky to assign them with certain tasks or responsibilities in the service model. However, this may change over 
time and therefore a service model might be adapted even after implementation.

Limitations
A limitation of this study is the relatively low number of participants. This may also have affected the stakeholder 
identification, and stakeholder saliency analysis at the beginning. For example, in Estonia, the GP nurse was omitted 
from the initial stakeholder saliency analysis based on the identification ranking. During subsequent studies, in which 
more participants were included, GP nurses seemed to be important to include in the process. This is a methodological 
issue in which results from a low number of participants served as the basis of the development process, marking its 
consequences during subsequent studies. However, because the salient stakeholders list was not fixed, we were able to 
adapt accordingly, and invited stakeholders identified later in the process.
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Another limitation of this study is that due to the complex nature of the eHealth technology in this study, the actual 
service model design sessions were performed within the internal project team based on input provided by stakeholders. 
Stakeholders were not actively involved in the creation, for example, through co-creation. One may question the level of 
stakeholder engagement when not participating in the design session of the model. However, by adding several feedback 
rounds in the design process and focussing on specific points for improvements, we tried to collect useful input for the 
design. Future studies may include stakeholder co-creation sessions in which the different versions of the service model 
are designed.

Finally, engagement of patients in the different phases was limited as explaining the concept and importance of 
service modelling was insufficient to motivate them to participate. In addition, we had some concerns in terms of safety 
for people with COPD to join the different sessions with other stakeholders (COVID, potential power imbalances59). 
However, everything we did during this study to develop the service model was based on earlier input provided by people 
with COPD (such as interviews, patient journeys). This is also reflected in the critique during one of the feedback 
sessions that the service model was too patient-centred. Nevertheless, we recommend future studies to include additional 
feedback rounds for patients or if safe (when taken care of power imbalances), let people with COPD join the sessions 
with the different stakeholders.

Conclusion
This paper described how an innovative eHealth technology to support self-management for people with COPD could be 
implemented in practice that emphasises the active role of patients in their care. It aimed to elaborate on an iterative 
service model development approach trying to include the perspectives of stakeholders and highlights the self- 
management component throughout the implementation process.

We showed how an eHealth self-management technology for people with COPD can be implemented in three 
different countries, in which self-management plays a role in more parts than only within the eHealth technology 
itself. By illustrating this process, we invite eHealth researchers and practitioners to think beyond the scope of an 
eHealth solution and to consider the processes of changing roles and empowering patients in the service design.

Service modelling in an early stage can elicit new requirements that need to be addressed in the design and ensures 
that the implementation process is considered early on together with key stakeholders. As we aim to positively change 
work practice with the use of technology, a service model needs to consider both current practice (to enable feasible 
implementation), and future practice (to improve quality of care). However, as this study demonstrates, there is a fine line 
between the two worlds. This complexity stresses the importance of continuous stakeholders’ engagement, and alignment 
of their needs, wishes, and current possibilities. Service modelling is therefore, not set in stone but shapes along with the 
dynamics of the changing daily practice.
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