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The number of cardiac patients (people 
with heart problems) is growing all the 
time.Given that any person who encoun-
ters a cardiac condition should undergo 
cardiac rehabilitation (CR), a program to re-
habilitate the heart and learn to manage 
it in daily life, it is expected that the health 
system will also grow exponentially in or-
der to meet the high care demand. How-
ever, this is not the case. Currently, only 28 
percent of the eligible patients get referred 
to CR because the health system does not 
have the capacity to include all of them 
(Van Engen-Verheul et al., 2012). Moreover, 
the full take-in and supervision of the car-
diac patients in CR lead them to find the 
transition to their daily life after finishing 
CR quite hard. 

One solution to tackle this problem is to 
delegate some of the care parts at home, 
called blended care, so that more patients 
can enter CR while learning to manage 
their condition early on. 

However, there are two main problems 
concerning this structural change in CR 
care. First, because of the loss of frequent 
contact with health professionals, imple-
menting blended care risks losing person-
alization in care.Secondly, when delegat-
ing care at home, health professionals lose 
insights and feedback into the care deliv-
ered at home. Therefore, patient health 
outcomes might become compromised.
In this regard, this project proposes a de-
sign concept to support the blended CR 
care for the patient (with an app) and phys-
iotherapist (with a dashboard) by homoge-
nizing the care delivered at home and the 
CR center while centralizing the patients 
by making them active and responsible 

for their care. Moreover, it personalizes the 
CR care path, not in terms of exercises or 
changes in the workflow, but in a way that 
makes sense to the patient following their 
CR interests. The concept is composed of 
an intelligent solution with three different 
modules that utilize the feedback loops in-
tegrated into it to understand the patients’ 
input and adapt to them, realizing the per-
sonalization effect. 

The first module concerns the personal 
goals that patients need to set as they 
enter the care path and explains the mo-
tivation and type of the goal the patient 
wants to achieve. The second module 
aims to engage the patients with their ex-
ertion data during the care path (a subjec-
tive score from six to twenty with which 
patients report how heavy they find an 
activity) by helping them actively reflect 
on their performance and goals to take 
necessary actions. It realizes this effect by 
understanding their exertion zones and 
asking patients subsequent questions to 
make sense of the data via a quick check-
in after rehabilitation. The third module 
uses the outcomes of the previous mod-
ules to provide personalised insights and 
advice.

CR cardiac rehabilitation 
CVD cardiovascular disease 
PSS product service system
DED data-enabled design
RtD research through design
NLP natural language processing
ML machine learning
AI artificial intelligence
ADL activities of daily living
PI personal informatics
RPE rate of perceived exertion
HR heart rate

Executive Summary Abbreviations
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Chapter 0

INTRODUCTION

This chapter aims to introduce the project by first presenting an overview 
of the CR care pathway and the project’s focus on it. Second, it presents the 
problem at hand in the introduced scope and the solution space envisioned 

to explore in order to tackle the problem.
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0.1 Cardiac Rehabilitation

0.1.1 Care Pathways 0.1.2 CR Care Pathway
There are several definitions for the term 
Care Pathway, one of which provided by 
Vanhaecht et al. (2007) is as follows:

“A care pathway is a complex intervention 
for the mutual decision-making and or-
ganization of care processes for a well-de-
fined group of patients during a well-de-
fined period.
 
Defining characteristics of Care Pathways 
include an explicit statement of the goals 
and key elements of care based on ev-
idence, best practice, and patients’ ex-
pectations and their characteristics; the 
facilitation of the communication among 
the team members and with patients 
and families; the coordination of the care 
process by coordinating the roles and se-
quencing the activities of the multidiscipli-
nary care team, the patients and their rela-
tives; the documentation, monitoring, and 
evaluation of variances and outcomes, 
and the identification of the appropriate 
resources.

A care pathway aims to enhance the 
quality of care across the continuum by 
improving risk-adjusted patient outcomes, 
promoting patient safety, increasing pa-
tient satisfaction, and optimizing the use 
of resources.” 

Care Pathways (as defined above) are in-
herently integrated, meaning that frag-
mented care pathways cannot exist 
(Schrijvers et al., 2012).

Cardiac Rehabilitation (CR) care pathway is 
a supervised program and a complex in-
tervention for people with cardiovascular 
(CVD) diseases such as heart attack, heart 
failure, cardiac arrest, atrial fibrillations, etc. 
It contains different care components, 
namely health education, cardiovascu-
lar risk reduction advice, physical exercise, 
and stress management (Dalal et al., 2015) 
(figure 0.2), which is aimed to help patients 
recuperate, build confidence and become 
stronger after the cardiac condition.

CR is considered an important part of the 
recovery of cardiac patients to help them 
become more competent and prevent 
another cardiac event by understanding 
their condition, making changes to their 
lifestyle, improving heart health, and deal-
ing with the psychological aspects of liv-
ing with a heart condition (Cleveland Clinic, 
2022). These phases in total make the complete 

CR care pathway, together with the steps 
that occur in each phase. According to 
Cowie et al. (2019), the complete CR care 
pathway has six distinct steps which can 
be seen within the aforementioned phas-
es, starting from referring and recruiting 
patients. 

Figure 0.3 shows an overview of the phas-
es and their comprising steps in the CR 
care pathway.

According to the Dutch CR guidelines 
(Multidisciplinaire richtlijn hartrevalidatie, 
2011), the CR care pathway has three main 
phases:

Phase 1 (clinical phase): 

Starts immediately after the cardiac 
event in the hospital, where the cardi-
ologist refers the patient to CR.

Phase 2 (after discharge): 

Takes place in the CR center which is 
an outpatient clinic, under the ultimate 
responsibility of the cardiologist.

Phase 3 (post-rehabilitation/aftercare): 
As a link to the previous phase, the aim 
is to maintain the activities done in the 
second phase. Here the care transfers 
to the GP (from the cardiologist).

Figure 0.2 : CR Care Components

Figure 0.1 : Care Pathway & CR Care Pathway Definition

CR Phases:
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0.2 Project Focus
This project started with the main focus 
on Phase 2 of the CR care pathway tak-
ing place at the CR center as an outpa-
tient clinic. Therefore, the CR care delivered 
in the center in the second phase and its 
comprising steps is chosen for the scope 
of this project which is researched in the 
set-up of Basalt Rehabilitation Center (Har-
trevalidatie - Basalt - de kracht van revali-
datie, 2022). 

This center, being one of the leading reha-
bilitation clinics with multiple branches in 
the Netherlands, offers different types of 
rehabilitation, including cardiac rehabilita-
tion. Thus, it was chosen to be the clinic in 
which the research and the design solu-
tion in this project are envisioned to be im-
plemented.

The scope of the project with regards to 
the big picture of CR already introduced 
can be seen in figure 0.3 (with orange high-
light). As seen in the figure, the care com-
ponent at focus in this project is Physical 
Exercise because it is the most integral 
part of the CR care pathway to which oth-
er care components are added based on 
the needs of the patients.

Figure 0.4 : Basalt Entrance, Delft Location

Figure 0.5 : Basalt Logo

Figure 0.3 : CR Phases & Steps, with the project focus in the orange highlight
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0.3 Problem

Because of the two aforementioned prob-
lems, the concept of blended care, which 
in the context of CR means deploying 

some of the care at home for patients has 
received much attention recently. Blend-
ing the care received at the CR center and 
home allows for potentially more patients 
to enter the program by reducing the load 
on the healthcare professionals and the 
system and also helps patients to have a 
smoother and a more gradual transition to 
phase 3 of CR which is about managing 
their condition at home by being more re-
sponsible and active in their care.

This type of care (blended care) has had an 
early initiation in Basalt due to the COVID-19 
Pandemic, during which patients could not 
visit the center to rehabilitate but had to 
do it at home instead. Although a brilliant 
initiation to tackle the aforesaid problems, 
it has brought new challenges because 
of not having a support system in place 
for transitioning to this care to assist the 
patients and the healthcare professionals 
with various needs.

As mentioned earlier, this project explores 
the second phase of CR in which the care 
is delivered to cardiac patients in the CR 
center. In this form of care delivery, pa-
tients follow the cycle of visiting the center 
2 or 3 times a week to receive the care (ex-
ercises, education about risk factors, etc.) 
and going home for 6-8 weeks, depending 
on their condition and comorbidities. Al-
though super beneficiary for the patients’ 
recovery, this type of care delivery has 
brought up multiple problems for both the 
patients and the healthcare system and 
professionals in place:

Patients: 

Patients find the transition from care 
at the CR center in the end of phase 2 
to home care in phase 3 very difficult 
because of being fully supervised, guid-
ed, etc. while in the center. Therefore, 
they reach a sharp finishing point of 
the program, which might leave them 
clueless and helpless about how they 
should proceed after rehabilitation. 

Healthcare professionals and the 

healthcare system:

Delivering the CR care physically at 
the center for 8 weeks per patient is a 
heavy workload on the healthcare pro-
fessionals and the system, meaning 
that fewer patients obtain the chance 
to enter the program in the first place. 
Therefore, the referral rate of eligible 
patients to cardiac rehabilitation is 
28.5% (Van Engen-Verheul et al., 2012), 
with one of the causes being the low 
capacity of the healthcare system and 
the ever-rising number of cardiac pa-
tients.

Patients: 

By transitioning parts of the care to the 
home context, patients have the risk 
of not receiving as personalization as 
if they were to be in contact with the 
health professionals most of the time 
at the center.

Healthcare professionals and the 

healthcare system:

By transitioning parts of the care to 
the home context, health care pro-
fessionals have little insight into what 
happens in the context of the home 
or if the patients follow the care plan 
because they cannot constantly su-
pervise them. Therefore, they cannot 
ensure the quality of care they deliv-
er and the outcomes the patients will 
have. 

Figure 0.6 : The problem space of this project

Thus, in this graduation project, I will explore how to support the transition 

of blending the care at the center and home while increasing the level of 

care personalization by having insights and feedback about how patients 

are doing in the home context. 

This is envisioned to be done by integrating the solution into the current 

ecosystem in Basalt Rehabilitation Center.

 

In this regard, the role of data and the potential value it could bring to the 

stakeholders involved will be explored to tackle problems.
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0.4 Solution Space
The envisioned design solution is a prod-
uct-service system (PSS) that falls under 
intelligent solutions, which are the sys-
tems that can perceive and respond to 
the world around them (Nevada, 2022). The 
design will follow the work of the data-en-
abled design (DED) department of Philips 
(as an involved party) in which intelligent 
solutions using data and artificial intelli-
gence are used to gain a detailed under-
standing of the users and their context to 
personalize solutions (Figure 0.7).

To simplify the overview of such a system, 
two main feedback loops are needed, be-
ing Understand and Adapt, enabling the 

solution to learn to Understand and Adapt 
to the user and their context in order to 
personalize. (Van Kollenburg et al., 2019) 

The Understand loop facilitates the sys-
tem to learn about the context, behavior, 
and experience of the users. While the 
Adapt uses the output of the previous loop 
to learn what to return to the user in terms 
of content, interaction, and role (Figure 0.7).

In the scope of this project, the solution 
revolves around the context of home and 
CR center with the main focus on the pa-
tients themselves.

Figure 0.7 : Intelligent solution space
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Chapter 1

METHODOLOGY

This chapter aims to present the main research questions with regards to 
the problem and solution space introduced in the previous chapter, and the 

methodologies implemented to answer the questions.
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1.1 Research Questions 1.2 Methodologies
As explained in the introduction chapter, in 
this project, I aim to support the blended 
care in CR while increasing the level of care 
personalisation using an intelligent solu-
tion for patients by allowing the health-
care professionals to have insights in to 
the care delivered at home so that more 
patients can enter CR while receiving good 
care resulting in good health outcomes. 

Therefore, the following research (sub)
questions were formulated:

This graduation project has one predom-
inant design and research methodology, 
research through design (RtD) which is an 
approach aimed to generate new knowl-
edge through design practice and pro-
cesses. Nevertheless, other data-centered 
methods were used to some extent as 
well. 

All of the methods were implement-
ed while working agile, in which the pro-
ject was divided into multiple iterations 
seeking to provide continuous improve-
ments by involving stakeholders. Figure 1.1 
shows the overview of the methodologies 
throughout the project.

A total of 7 iterations took place in this 
project. The first iteration sought to be an 
introduction to the topic and the project 
scope by exploring the patient experience 
and relevant literature.

Iterations 2 and 3 used the outputs of the 
previous research inquiry to come up with 
concepts and design opportunities to ad-
dress and discuss with the health profes-
sionals. Since the previous iteration only 
focused on the desirability aspect of the 
project scope, this iteration aimed to dive 
deeper into the context of CR and the eco-
system in place to deliver care to patients.

After this stage, I created the project’s de-
sign goal which was the result of having 
an understanding of the desirability of the 
first iteration and the viability of the sec-
ond iteration.

Iterations 4 and 5 brought the focus back 
again to the users after unraveling the CR 
ecosystem and the workflow in the center 
by conducting sessions with patients as 
well as health professionals to validate or 

Supporting the Care:

(1) Which parts of the CR care in the CR workflow should the intelligent solution support?
(2) Since CR is delivered in a multi-disciplinary team, which health professional stakehold-
er(s) should be involved in the solution?
(3) What data from the patient should be communicated to the health professional to 
support blending the identified care part?

Personalisation:

(4) What is the desired and relevant personalisation level in CR care?
(5) What should the intelligent solution learn from the patient to adapt?
(6) What should be adapted based on the identified nuances?

reject design directions to address the de-
sign goal.

Finally, after gathering all the necessary 
information and evidence regarding differ-
ent concept elements and parts, the last 
two iterations focused on developing the 
final concept with patients.

20 21



Figure 1.1 : Methodology Overview
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2.1.1 RtD & DED 2.1.2 Agile
Since the initiation of this project was by 
the collaboration of the Data-Centric De-
sign (DCD) lab in TU Delft, and the Data-En-
abled Design (DED) department of Philips, 
exploring the role of data in the design 
(process) and adopting data-centered 
methodologies, such as DED itself (which 
is about using data as creative material in 
the design process) and text mining (using 
text as the creative material) were used as 
well. 

It is important to note that RtD (figure 1.3) 
and DED (1.2) are not mutually exclusive 
methodologies. In fact, they both have 
the concept of practice-based research 
at heart, where RtD focuses on creating 
knowledge by speculative prototypes and 
artifacts that can be used as generative 
materials for the sessions with stakehold-
ers. On the other hand, DED follows the 
same vision but centralizes data in this 
process and brings it even further by de-
ploying prototypes into the context of the 
users so that their behaviors can be cap-
tured. Remote data collection in the DED 
method allows researchers to analyze 
and learn from a distance remotely in their 
workspace, enabling them to send up-
dates to the design interventions. 

Because of adopting RtD in the project as 
the design methodology, I started work-
ing following agile principles (figure 1,4) in 
which the project is divided into multiple 
phases where each iteration explored a 
certain part of the project. In each itera-
tion, I explored different possibilities based 
on assumptions at that certain moment 
in the project and set out to get feedback 
from the collaborations with stakeholders 
resulting in continuous improvements at 
every stage. This way of working not only 
accelerated the project in a way of under-
standing the context and making faster 
design decisions but also generated new 
and unintended knowledge around the 
topic which shows the value of such a 
working manner. 

Part of the agile working manner is to 
have retrospectives for the week. My retro-
spectives included ‘what went well’, ‘what 
needs improvement’, and ‘next steps’ for 
each week (figure 1.5) which helped me re-
flect on the past week and make tiny im-
provements. This technique also helped 
me mentally at the end of some weeks 
when I thought that I did not have that 
much progress seeing what went well al-
ready reassured me enough.

Figure 1.2 : DED Methodology

Figure 1.3 : RtD Methodology

Figure 1.4 : Agile way of working

Figure 1.5 : Weekly Retrospectives

Weekly Retrospective
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2.1.3 Text Mining
As explained earlier, aside from the over-
arching introduced methodology through-
out the project, I used other methods more 
centered around data, such as data mining 
which was used to gain insights into the 
experience of cardiac patients by analyz-
ing a dataset of online patient stories us-
ing NLP techniques and using relevant da-
tasets to do explorative data analysis. This 
was done because of the inaccessibility 
of patients and the fact that this method 
had the potential of quick embracement 
of the topic so early in the project.

Text mining could be defined as a process 
of analyzing a large collection of docu-
ments to uncover new information to help 
answer the formulated research ques-
tions (Linguamatics, 2022). Thus, I utilized 
this analysis method specifically to gain 
insights into the experience of the cardiac 
patients to accelerate the discovery pro-
cess of the project. This analysis was con-
ducted via artificial intelligence (AI) using 
Natural Language Processing (NLP) which 
transforms free and unstructured data (in 
this case, the text of the patient stories) 
into normalized, structured data suitable 
for analysis (Linguamatics, 2022).

In order to do this analysis, first, a data-
set (of the stories) was collected manual-
ly according to the selection criteria. Then 
a Proportionate Stratified Number of the 
stories was chosen as the representative 
sample of the population dataset to be 
analyzed by qualitative coding. Finally, the 
identified codes were used as “targets” to 
train a supervised ML algorithm following 
the NLP pipeline to classify the rest of the 
patient stories using Python to gain the 
desired insights. 

Figure 1.6 shows this procedure flowchart 
containing the NLP pipeline (Morioh, 2022). 

The complete procedure of the NLP pipe-
line can be found in Appendix B.

Figure 1.6 : Text mining procedure
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Chapter 2

LITERATURE

This chapter aims to present the relevant terminologies and literature that 
are used throughout the project. It starts with elaborate information regard-
ing blended and the vision that Basalt has developed for implementing it in 
their rehabilitation center. Then, it presents some notions in place for care 
personalization concerning Patient-Centered Care, the role of different types 
of data in the medical domain, and their analytical methods that could be 

potentially utilized for personalizing the blended CR care path.
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2.1 Blended Care
Chronic diseases are broadly defined as 
conditions lasting for at least a year, requir-
ing continuous medical attention, and lim-
iting the patients in activities of daily living 
(ADLs) (Chronic Diseases CDC, 2022). The 
number of patients suffering from such 
diseases is ever-growing due to the longer 
life expectancy and the rapid aging of the 
population. In the Netherlands alone, thir-
ty-two percent of the population were 
chronically ill in 2014, which is predicted to 
reach forty percent by 2030 (RIVM, 2014).

Cardiovascular diseases (CVD) are chronic 
conditions affecting the patients’ hearts 
that are not exempt from this continuous 
rise in numbers. This means that more 
and more people are becoming eligible to 
rehabilitate their heart in CR because of 
their condition while the capacity of the 
healthcare system and health profession-
als are not keeping up, leading to a high 
workload on the system (López-Campos 
et al., 2015), and low CR referral rates of pa-
tients (Van Engen-Verheul et al., 2012). 

Moreover, because of the long-lasting ef-
fect of the chronic disease (in this case, 
CVDs), patients need to learn to manage it 
themselves, meaning that patients should 
take more responsibility and be more au-
tonomous. In this regard, CR is envisioned 
to help patients learn to manage their con-
dition in the long run. However, currently 
due to the high supervision of the CR pro-
gram at the center, patients find the tran-
sition from center care to home care quite 
sudden, which could be because of their 
impaired sense of self-efficacy throughout 
the program (Carlson et al., 2001).

All in all, Because of the rising number of 
cardiac patients, the low capacity of the 
healthcare system and health profession-
als, and especially the fact that patients 

find the transition from CR center care to 
CR home care currently difficult, an emerg-
ing need for structural changes in the care 
delivery for chronic patients, in this case 
cardiac patients rehabilitating in CR, is 
needed to ensure the reduction of work-
load on the healthcare system and more 
personalization by placing the patient in 
the center of the care they receive.

In this regard, blended care, which is a 
combination of traditional and online care 
(Blok, 2022) with the use of digital tools 
known as eHealth and other web-based 
platforms, seems to be a solution to the 
aforementioned problems.

Although blended care seems to be a 
promising solution, introducing such a 
transition in the healthcare system has 
challenges of its own. Firstly, such care has 
a high probability of adoption by the stake-
holders only if it is perfectly integrated into 
the usual(traditional) care that is being de-
livered to patients requiring personal assis-
tance and coaching of the patients. Sec-
ondly, the allocation of time to introduce 
such a change should not be neglected for 
the patients to be able to use it and the 
healthcare professionals to change their 
role to fit this type of care delivery (Tal-
boom-Kamp et al., 2018).

2.2 Patient-Centered Care
Healthcare is currently shifting towards 
delivering care following patient-centered 
models instead of disease-centered (pa-
ternalistic) models in which the decisions 
made regarding the patient were cen-
tered around clinical expertise, medical 
tests, and evidence (Moustafa, 2021). 

Patient-centered care models are one of 
the ways of care personalization, which is 
realized by centralizing the patient in the 
care they want to receive. It concentrates 
specifically on the patients themselves 
and their particular health needs seeking 
to empower them to become active par-
ticipants in influencing their care rather 
than passive ones only receiving it (Reyn-
olds, 2009). Thus, following patient-cen-
tered care models can be of help when 
trying to personalize cardiac rehabilitation 
for patients so that they receive services 
focused on their individual needs and pref-
erences, informed by advice and oversight 
from their healthcare providers. 

One of the challenges of care personalisa-
tion by putting patients in the center falls 
on the shoulders of the healthcare profes-
sionals because they need to address the 
specific patient needs accordingly, which 
might take more time. This becomes even 
more challenging in blended care, in which 
some care parts are delivered remotely 
at home. In this case, patients expect the 
coaching and received advice to be still 
highly personalized because they are con-
cerned about losing interpersonal contact 
with healthcare professionals (Gabay et al., 
2022).

2.1.1 Vision of Basalt
Basalt, as the rehabilitation center which is 
interested to implement blended care, has 
set its own vision and desires for such a 
change in care delivery which are the fol-
lowing:

The vision of Basalt highly corresponds to 
the literature introduced earlier, which sub-
stantiates the need for such a transition in 
the CR care pathway in which the health-
care professionals and patients are sup-
ported and receive personalized care while 
not being in immediate and constant con-
tact with the healthcare professionals.

We want our patients to gain more 

control over their recovery.

Since we are facing a growing num-

ber of patients, we want to cope with 

the increasing complexity of care de-

mands and staff shortages.

We want to offer the patients the best 

possible care in a way that is person-

alized, suiting them in terms of place 

and time, needs, and abilities (Borging 

blended care - Basalt - de kracht van 

revalidatie, 2022).
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2.3 Data & Personalization
Whether the medical data at hand is ob-
jective or subjective, different data-driven 
approaches can bring value to the per-
sonalization of healthcare. For instance, 
the big data approaches process a huge 
amount of data for personalization by an-
alytical techniques, or even on a more per-
sonal level, personal informatics (PI) can be 
of use to personalize the care for patients.

2.3.2 Big Data

2.3.1 Data in Medical Domain

Recent development in the field of Big 
data and analytics have facilitated tech-
nologies detecting correlations from multi-
ple sources, which has given rise to Big-da-
ta-driven approaches to personalized 
healthcare contributing to patient- cen-
tered outcomes.

Big data in healthcare refers to the col-
lection, analysis, and leveraging of multi-
ple clinical data about the patient that is 
complex to be understood by traditional 
means of processing. Thus, the analysis 
is conducted with different ML algorithms 
bringing many benefits, one of which be-
ing improvements in care personalization 
and efficiency using comprehensive pa-
tient profiles (Mercury Healthcare, 2022).

Mustafa (2021) describes the personaliza-
tion using big data as making models act-
ing like recommendation systems current-
ly used for movies or books. This means 
that similarities across large pools of pa-
tients could be leveraged to personalize 
the care plan.

In the medical domain, objective data is 
defined as the information that healthcare 
professionals can either obtain via the five 
human senses or measure/observe from 
the patients (DuPont, 2021), for example, 
heart rate (HR) and blood pressure. On the 
other hand, subjective data is defined as 
the information told from the patient to 
the healthcare professionals that cannot 
be measured or observed (DuPont, 2021). 
Another definition by Mosby’s Medical Dic-
tionary (2022) describes subjective data as 
the information collected from a patient in 
the patient’s words. 

The data type (objective/subjective) as-
sists healthcare professionals and patients 
in different ways, such as decision-mak-
ing. In paternalistic care, mainly objective 
data is used for making decisions, while in 
patient-centered care models, subjective 
ones play a bigger role because the pa-
tients are positioned in the center of their 
care.

Regardless of the type of the data, they 
have the potential to be used as the base 
upon which the personalization of the care 
takes place for the patients.

2.3.3 Health Data Analytics
Big data in the healthcare domain has in-
troduced challenges in its management 
and analysis that inhibit the use of tradi-
tional methods to analyze them. There-
fore, analytics methods from the big data 
domain are to be used in this regard which 
is divided into four categories descriptive, 
diagnostic, predictive, and prescriptive (El 
Aboudi & Benhlima, 2018) (figure 2.1).

Figure 2.1 : Data Analytics

Descriptive Analytics: Describes current 
situations and reports on them. Differ-
ent techniques of data visualization 
are used in this type of analytics such 
as histograms or scatter plots.

Diagnostic Analytics: Explains why cer-
tain events occur and identifies the 
triggering factors. This analysis aims to 
understand the reasons behind certain 
behaviors.

Predictive Analytics: Predicts future 
events, and helps with the identifica-
tion of trends and determination of un-
certain outcomes. This analysis utilizes 
ML techniques to make predictions.

Prescriptive Analytics: Proposes suit-
able actions leading to optimal deci-
sion-making which also uses ML tech-
niques.
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2.3.4 Personal Informatics
Personal Informatics(PI) is an area of study 
in human-computer interaction (HCI), al-
lowing people to collect and review per-
sonally relevant information to create 
self-knowledge and self-reflection. These 
systems help people understand them-
selves and their behavior better, and that 
is the reason why they are in contrast 
with many other technologies that are de-
signed to inform people about the outside 
world.

Li et all. (2015) defines PI systems as a five-
stage model consisting of Preparation, 
Collection, Integration, Reflection, and Ac-
tion, with Collection and Reflection being 
the core components of any PI system 
(Figure 2.2).

Such systems can help users gain 
self-knowledge by facilitating the collec-
tion and storage of personal information 

for users and enabling them to explore 
and reflect on the gathered data.

Reflection, as a prominent component of 
PI systems, can be done both in the short 
and long term. Short-term reflection oc-
curs immediately after the collection of 
data, whereas long-term reflection can 
occur after days or weeks, which will en-
able the revelation of trends and patterns 
through the comparison of the data.

Reflection can also be described as Reflec-
tion-in-action or Reflection-on-action with 
regards to the action from which the data 
is collected. According to Schön (2017), Re-
flection-in-action occurs while still in the 
activity, helping the person modify it for 
completion. Whereas reflection-on-action 
is about recalling the experience in retro-
spect in order to see what things went the 
way they did.

Figure 2.2 : Personal Informatics Framework

The information found in the 
literature substantiates the 
earlier introduced need of im-
plementing blended care in 
the CR care path. 

However, it was argued that 
such a transition has the po-
tential of less personalization 
of the care because of fewer 
contact moments with pa-
tients, which were expressed 
by the patients as well. 

One method to introduce more 
personalization in the care is 
by utilizing the data in place 
in the medical domain (in this 
case, CR) that potentially can 
be done remotely through big 
data and its analytical meth-
ods or even by following the 
framework of personal infor-
matics.

All in all, centralising patients in 
the care they are about to re-
ceive is a general of method 
of personalisation envisioned 
to make them as active par-
ticipants in their care, but has 
challenges for the health pro-
fessionals regarding time and 
effort.

2.4 Takeaways
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Chapter 3

CR ECOSYSTEM 
AT THE CENTER

This chapter aims to present information related to the context of CR to de-
vise the ecosystem in place in the center. It starts with an explanation of the 
different stakeholders delivering the care, the medical data used in the care 
path, and finally, an overview of the workflow. The discussion section brings 
the information together to make conclusions and translate the gathered 
information back into the project scope to answer the formulated questions.
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Figure 3.1 : Health Professionals in the CR Ecosystem

3.1 CR Health Professionals3.0 Introduction

CR is delivered by a multidisciplinary team 
due to the complexity of the care and 
the different expertise playing a role in it, 
namely the cardiologist, physiotherapist, 
dietician, etc. (Mayo Clinic, 2020). They have 
different roles and interactions with each 
other and other patients throughout the 
CR program, which makes it very dynamic 
and modular.

The list of main CR stakeholders identified 
in the study is shown in figure 3.2, together 
with an overview of their role in the provid-
ed care at the center.

As shown, the CR health professionals 
have different interaction points with the 
patients throughout the care pathway, al-
though some have conditional or optional 
roles. The ones with the mandatory roles, 
are always present in the care pathway for 
the patients covering more general care 
components such as physical exercise. 

As the project scope had already indicat-
ed, the focus of this project is on physical 
exercise because of its integral role in CR. 
Therefore, the CR stakeholders present in 
that part, the ones with a mandatory role, 
are more of interest to the project.

Figure 3.2 : CR Stakeholders

This project started with the notion 
of understanding how to support 
the transition to blended care while 
making the care more personalized 
for patients by exploring the poten-
tial role of the data in CR and lever-
aging that for care personalization.

As said in the previous chapter, the 
integration of the solution to the 
aforementioned problem aiming to 
support blended care is of utmost 
importance for the uptake of the 
solution. Therefore, prior to having 
a design proposition, it is needed 
to uncover the current ecosystem 
in place at Basalt. This ecosystem 
consists of different CR healthcare 
professionals complementing each 
other and interacting in the work-
flow, providing care and value to the 
patients. 

The discovery of the current system 
is needed to also unearth the cur-
rent level of personalization in care, 
the type of data, and the role they 
play in the care. 

Therefore, this chapter aims to pro-
vide more information about the CR 
context and the current care deliv-
ered at the center.
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Figure 3.3:  The Borg Scale at the rehabilitation center

3.2 CR Medical Data
There are multiple data integrated and 
used in the CR care pathway, either objec-
tive (performance measures) or subjective 
(patient-reported outcomes), all having 
different purposes. They can range from 
the data resulting from a test as a meas-
urement tool to assess patients to using 
scores as indicators of the progress of pa-
tients. Figure 3.5 shows the overview of all 
the tests and scores playing a role in the 

CR care path with more detailed informa-
tion. 

Figures 3.3, and 3.4 show two of the tests 
and score in CR, The BORG scale which is a 
subjective measure for patients to report 
how heavy they find an activity, and Exer-
cise Test which is used to determine the 
heart capacity of patients.

Figure 3.4:  Exercise Test room at Reinier de Graaf hospital
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Exercise Test 
(Krans, 2021)

Test/score What? How? Why? When?

Objective

Objective

Objective

Objective

Subjective

Subjective

  This test is used to determine 
the heart’s response in high 

exertion activities in which it is 
working its hardest.

The test is conducted when patients 
exercise following a protocol on a treadmill 
while connected to the electrocardiogram 

(EKG) machine so that the doctor can 
monitor the heart.

One-repetition maximum (1RM) 
is an assessment of the capac-
ity of the patient to lift weights 

using certain muscles.

This test is used to determine 
how well patients can stand 

on one leg, which defines their 
balance level.

Karvonen is a formula used 
to determine the HR zones in 
which the workouts should be 

performed.

The Borg Scale is a 15-point 
scale (6 to 20) used to rate sub-
jective experiences during phys-
ical exertion, also called Rate of 

Perceived Exertion(RPE). 

The patient-specific goal-setting 
method is a scale from 0 to 10 with 
which patients rate how attaina-
ble they find their goals. 0 means 
not attainable at all, and 10 means 

already reaching the goal.

1RM 
(Heath, 2005)

PSG
 (Stevens et al., 2017)

BORG 
(Meetinstrumenten in de 

zorg, 2020)

BALANS TEST 
(Sporttesten, 2022)

KARVONEN
(Drogespieren, 2021)

This test is done in the physical 
intake with the physiotherapist prior 

to the start of the rehabilitation 
training for the first time.

In order to examine the strength capac-
ity of individuals in non-laboratory envi-

ronments, which measures the maximal 
weight that an individual can lift for one 

repetition with the correct technique.

In order to determine if the heart re-
ceives enough oxygen and proper blood 
flow at high exertion activities. Moreover, 
it is used to determine the patients’ VO2 
max, which could be translated into the 

heart capacity.

This test is done at the start and finishing 
points of the CR. The purpose at the start is 

to understand the heart intensity level of the 
patients to categorize them into the appropri-
ate exercise group. The purpose at the end of 
CR is to evaluate how the heart capacity has 

increased during rehabilitation.

This scale is used as a tool for reflection for 
patients to keep giving a number from 0 to 10 to 

their goals throughout CR.

In order to reflect on the progress of 
reaching the goals made in the physical 

intake with the physiotherapist.

In the evaluation sessions with the 
physiotherapists at the start, middle, 

and ends of the CR care path.

Patients are asked to report a number 
from 6-20 to different exercises they do at 

the rehabilitation center.

To know howheavy patients find the exercises during 
rehabilitation training so that exercises can be adapt-
ed to their needs and capabilities. This subjective load 
scale can help estimate load symptoms, such as the 

degree of exertion, the degree of load, and fatigue. 
The Borg scale can, among other things, support 

heart patients in exercising responsibly. 

During or after each exercise in the 
rehabilitation training.

The test is done by the judgment of the 
physiotherapist empirically by observing 

and doing examinations.

To prevent injuries during training and 
determine if patients can do certain 

exercises.

To determine the best optimal HR 
zone for patients during training.

This is done before starting reha-
bilitation training sessions at the 

center.

The test occurs in the physical in-
take with the physiotherapist at the 

start of the CR care path.

The resting HR is used in the formula to 
determine the different heart thresholds, 

for example, the anaerobic threshold.

The test starts with the patient lifting a weight 
that they perceive as 50 – 70 percent of their 

capacity. Then the resistance is increased 
incrementally until they cannot complete the 
selected repetition. That weight would be re-

corded as the result of the 1RM test.

Figure 3.5 : Overview of CR Data from different tests & scores
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Figure 3.6 : CR Pre-Program Stage

3.3 CR Workflow
After identifying the stakeholders and the 
medical data in place in CR, the workflow 
is the final item in the CR context bringing 
the first two ones together by making an 
overview. 

Based on the findings, CR can be divided 
into three major stages of Pre-program, 
Program, and Post-Program, all having 
their own multiple sub-stages, stakehold-
ers, and data involved.

In order to paint a clearer picture, the stag-
es are presented separately but the over-
view can be found in figure 3.16:

3.3.1 Pre-Program
Prior to starting the actual rehabilitation 
program at the center, patients undergo 
a series of quick sub-stages making the 
pre-program stage. This stage is quite in-
tense because of the multiple sub-stages 
patients have to go through and the dif-
ferent stakeholders they interact with in a 
short time (it could be even half a day). 

The purpose of this stage is to prepare and 
assess the patient to personalize the care 
with the relevant data used in this regard. 
The details of the workflow realizing this 
purpose are shown in figure 3.6.

Figure 3.7 : CR Program Stage

3.3.2 Program
After the pre-program, patients start the 
rehabilitation training at the center and fol-
low different modules previously assigned 
to them. At Basalt, where this workflow is 
based on, patients train at home using a 
website called Physitrack as well as the 
center. The cycle of training at home and 
center lasts for about 8-12 weeks, depend-
ing on the condition of the patient (figure 
3.7).

The purpose of this stage is to train the 
patients to do exercises to enable them to 
resume a somewhat normal life and deal 

with the complications of their condition. 
The medical data are used concerning this 
purpose and also to adapt the training to 
the changing needs and capabilities of pa-
tients.

In the program stage, understanding the 
two “training at center” and “training at 
home” sub-stages are important to have 
an overview of the context because they 
are the initiation of the blended care by 
Basalt. Here, they are presented separate-
ly:
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Figure 3.9:  Strength Training

Figure 3.10: Endurance Training 

Figure 3.11: Functional Interval Training

There are three types of rehabilitation 
training that patients undergo on the days 
that they train at the center being strength, 
endurance, and functional interval training.

Strength training (figure 3.9) concerns train-
ing the muscles to become stronger using 
gym-like equipment. In this regard, the 1RM 
test is used (in pre-program) to identify the 
patient’s limit regarding the strength and 
weight they can handle. After that, the 
Borg scale is used to adapt the exercises 
to the patient’s progress.

Endurance training (figure 3.10) concerns 
training the heart as a muscle to expand 
its capacity using fixed bicycles. The Exer-
cise Test (in pre-program) is used to iden-
tify the patient’s heart capacity and Vo2 
max. They start cycling on the 70 percent 
of their capacity (bicycle’s voltage), and the 
Borg scale is again used to adapt the exer-
cises to the patient’s progress.

Functional interval training (figure 3.11) is 
flexible and includes free and fun exercis-
es such as playing basketball and other 
group games. In this training, the tests/
scores are not used regularly because of 
its free and flexible nature.

Training at the center

Figure 3.8 :Training at the Center

Figure 3.12: The flow of reporting RPE while training 

at the center

For physiotherapist

The physiotherapist, the health profes-
sional present giving the training at the 
center, measures the patient’s HR before 
and after training to use in the Karvonen 
test. Thereafter, they adjust the intensity 
and heaviness of the exercises to match 
the target HR that was the outcome of the 
Karvonen. However, Karvonen is not the 
only thing that the exercise adaptation is 
based on. The Borg is also used by the pa-
tients to adapt the exercises.

For patients

Patients are asked about their Rate of 
Perceived Exertion (RPE) using the Borg 
scale during training, which is the ultimate 
measure based on which the adaptations 
are implemented.

For the first two training types (strength 
and endurance) in which the tests/scores 
are used, there is a flow in place for pa-
tients (figure 3.12):

1- Patients wear a bracelet containing 
their personal identifiable information, 
as well as the history of their training 
with equipment and the associate 
Borg scores reported.

2- In order to start the training, they 
use the scanner on the equipment 
to load the last training setting from 
the bracelet. This can be for instance 
the voltage on bicycles for endurance 
and the weight on gym equipment for 
strength training.

3- After the exercise is finished (and 
sometimes also during the exercise), 
the physiotherapist asks the patients 
to report a number from 6-20 (Borg) in-
dicating how hard they found the ex-
ercise.

4- Finally, patients log the number in 
the bracelet and move on to the next 
exercise in the training until finished. 
Then they take off the bracelet con-
taining the new training setting and 
the associated Borg scores for next 
time.
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Figure 3.14:  physiotherapist’s dashboard on Physitrack website

Home rehabilitation training is a relatively 
recent development in the delivered care 
at Basalt that is initially in place because of 
the long waiting list of referred patients to 
CR and the COVID-19 pandemic. However, 
it is now an official part of the CR care be-
cause of the patients’ feedback and their 
adherence to it in the post-rehabilitation 
stage. The method of delivery of this train-
ing is via a website called Physitrack (Phys-

itrack® - The World Leader in Remote Pa-
tient Engagement and Telehealth, 2022), 
which is a service aimed at providing re-
mote care. There are three pre-made ex-
ercise programs (low, medium, and high 
intensity) in Physitrack at Basalt assigned 
to patients based on their initial assess-
ment in the pre-program stage, which is 
not adapted throughout the program.

At the moment, Physitrack is mainly used 
to merely give exercises to patients, but 
they are not monitored and tracked by any 
health professional. Therefore, it is mainly 
the patient’s responsibility to keep using it. 
Moreover, no tests/scores are used in the 
home training.

Figure 3.14 shows the physiotherapist’s 
dashboard on Physitrack accessed in their 
office. This view shows the exercises that 
is set for a certain patient. 

Training at Home

Figure 3.13: Training at Home

Figure 3.15: Post-Program Stage

3.3.3 Post-program
After the program finishes (8-12 weeks), pa-
tients stop training at the center and the 
program officially finishes. However, there 
are options for patients to continue with 
exercises such as continuing using Physi-
track or joining other gyms (figure 3.15).

The physician assistant calls the patients 
2-3 months after the program to see how 
the transition from CR to home is go-
ing and whether they still continue doing 
sports. 

The most received response is that not 
many patients continue with it. A few pa-
tients join other gyms which offer super-
vised group lessons similar to what they 
experienced at the center. Some of them 
continue with Physitrack, and some stop 
exercising completely, except for daily ac-
tivities such as cycling.

All in all, the post-program stage is main-
ly about the patients themselves and the 
health professionals are not included as 
much as before. 

This stage is the official start of the third 
phase of CR in which patients have to be 
more on their own and managing their 
condition.
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Figure 3.16 : Overview of the CR care pathway
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Figure 3.17 : CR Ecosystem in Center

3.4 Discussion
This chapter aimed to understand the current 
CR ecosystem at the center. However, while 
discovering this context, other topics were also 
brought up, which are presented in this section.

3.4.1 CR Ecosystem in Center

The current ecosystem of CR in place con-
sists of multiple health professionals in-
teracting with patients in the CR workflow 
using different medical data while they 
use certain devices to complete their care.

CR Healthcare Professionals

The interdisciplinary team delivering CR 
care consists of the physiotherapist, social 
worker, psychologist, dietician, physician 
assistant, cardiologist, specialist nurse, and 
functional laborants. An overview of the 
stakeholders with their role in the care can 
be found in figure 3.2.

CR Workflow

CR can be divided into three major stag-
es. 1. Pre-program is when patients are 
assessed and prepared to start the CR 
program. 2. Program is the main stage in 
which the actual CR care, rehabilitation 
training and other modules takes place. 
The purpose of this stage is to enable the 
patients to resume their normal life with 
their condition. 3. Post-program starts af-
ter the finishing of the actual program, in 
which patients have to self-manage their 
condition and continue training if they 
want to. A detailed overview of these stag-
es can be found in figure 3.16.

(Medical) Data

There are different tests and score in place 
generating different data in the CR care 
path, all having different purposes. Exer-
cise test, 1RM, Balance test, and Karvonen 
are the objective tests, and Borg and PSG 
are the subjective ones. The detailed de-
scriptions of these tests and scores can 
be found in figure 3.5, and the sub-stages 
of the workflow in which they play a role 
can be found in figure 3.16.

Devices

Different devices and platforms are used 
by the patients when they train at the 
center and home. At the center, they use 
special bracelets with which they report to 
the physiotherapist how hard and heavy 
they find certain exercises, after which it 
is recorded for next time. At home, a plat-
form for exercise called Physitrack is used 
by the patients to train and rehabilitate.

3.4.2 Supporting Blended Care

(a) What is the current state of the 

blended care? 

Currently, as shown in the workflow, the 
only element in place in the care path 
enabling blended care is the Physitrack 
website with which patients exercise 
at home. In this care, patients rehabil-
itate two times at the center and one 
time at home for a few weeks (figure 
3.14).

Figure 3.19 : (a) the current state of blended care, (b) the preferred state of blended care

(b) What is the preferred state of the 

blended care? 

During sessions with the healthcare 
professionals, their vision for blended 
care was devised.

According to the cardiologist and as 
shown in the figure 3.19-b, in the envi-
sioned blended care, patients will have 
to come to the center less frequent-
ly throughout the program with ses-
sions with the physiotherapist. This 
means that the physiotherapist (from 
the introduced CR health profession-

als) would be the one subject to the 
changes in the workflow and the one 
interacting with the intelligent solution 
supporting the blended care. 

This gradual transition from center care 
to home care is envisioned to ensure 
that patients keep learning how to deal 
with their condition and its complica-
tions at home as early as possible by 
increasing their responsibility and ac-
tiveness in the care.

We want Physitrack to be not 

something just on the side (like 

it is now), but to be something 

that gives more responsibility to 

patients. In the future, we envi-

sion that patient come to the 

center less frequently as they go 

through the CR program. With 

scheduled sessions with physio-

therapists, of course, to see how 

they are doing at home.

[Cardiologist]

Figure 3.18:  Session with cardiologist 5352



3.4.3 Care Personalisation

(1) At the start of the care path, patients 
make personal goals to reach through-
out and after rehabilitation. However, 
this does not change much in the care 
and exercises they receive, except for 
the reflection they will have on their in-
itial goals in the middle evaluation sub-
stage and the advice received from 
the physiotherapists.

After researching cardiac rehabilitation, 
it was revealed that there are not many 
personalization points in the care path, es-
pecially regarding physical exercises. The 
main identified personalizations are as fol-
lows:

Patients come up with SMART 

goals for their rehabilitation on 

their own, and we are a bit out 

of that process because it is for 

themselves. So, for the training, 

it does not differ that much, I 

guess. 

[Physician Assistant]

(2) The other personalization in the (tra-
ditional) CR care is the intensity group 
level allocation as the result of the Ex-
ercise Test and the assignment of dif-
ferent care components based on the 
patient’s needs in the Pre-program 
stage.

Other personalizations in place are 
somewhat empirical and unofficial 
parts of the care path. They usually 
take place when the health profes-
sionals, especially the physiotherapists 

who are in most contact with patients 
during rehabilitation, see and interact 
with patients so they detect what pa-
tients might need.

Yesterday, I was giving training 

at the center and told patients 

to do some lunges with a stick 

for support. Then we tried to 

make it look like vacuuming 

because patients have house-

hold goals as well. 

Some patients are scared and 

when we see them, they ad-

mit it. But if they are scared and 

do not admit it, they ask a lot of 

questions from us. But you can 

see that they are afraid and 

see the insecurity in their eyes. 

[Physiotherapist]

[Physiotherapist]

Sometimes the patient is not 

doing anything in the house-

hold anymore because the 

partner is all doing it or is taken 

over by a sister and or aunt or 

so that is something that we 

also really try to understand 

during the training and phys-

iotherapists are playing a big 

part of it of course because 

they see them. Then we refer 

them to psychologists. 

[Physician Assistant]

As explained above, many personalization 
points are implemented by seeing the pa-
tients regularly and interacting with them, 
which is something that has the potential 
of being missed when enforcing blended 
care. Therefore, the challenge of person-
alization while blending the care is still 
deemed very valid.

I used to work in another reha-

bilitation center, where the pa-

tient used a band with a sen-

sor for their heart rate during 

exercise. There we color-coded 

the heart zones and told the 

patient to work hard until they 

reach a certain color on the 

band. But after a while, they 

got so medicalized in a way 

that they had the feeling that 

they always needed to track 

their heart rate, and we noticed 

that they got a lot of fear if they 

did not reach the desired color. 

In the case of a patient who 

ends up with a fantastic VO2 

max where we all say wow! We 

have saved this patient, while 

from our perspective the car-

diac risk of the patient is lower 

and the patient has very good 

health improvements after re-

habilitation. But if it means that 

they still cannot clean their car, 

or do their household. It is fan-

tastic that the risk is lower but 

that is not why patients come 

to rehabilitation.

[Physician assistant]

[Physician assistant]

3.4.4 Patient-Centered Care
In the recent past, there has been a shift in 
place from the paternalistic/disease-cen-
tered to patient-centered care models in 
cardiac rehabilitation. Paternalistic care fo-
cused on objective data as the result of 
multiple tests and scores in CR to adapt 
care for the patients, meaning that the 
healthcare professionals were the ones 
scoring patients. Whereas, in patient-cen-
tered models, care is adjusted based on 
both the objective data as well as self-re-
ported subjective data from the patients. 
Presently, both types of data are used in 
the CR care path. However, the objective 
ones are used mainly at the start of the 
program for personalization, and the sub-
jective ones are used for adaptation during 
the program.

The main reasons for such a transition are 
as follows:

(1) Developing trust in the body

Centralizing objective data in the care 
had led patients to become not only 
insecure and uncertain because they 
felt the pressure to reach a particular 
score to be accepted in the care, but 
also left them feeling incompetent af-
ter rehabilitation. This is in contrast to 
using more subjective data so that pa-
tients learn to trust their own bodies 
and feelings instead of relying solely on 
medical (objective) data.
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(2) Centralising the Patients

From the patient perspective, it is also 
much more helpful to deal with sub-
jective data because they understand 
it better, and they are the ones scor-
ing themselves, so they do not have 
to participate in a competitive atmos-
phere.

Of course, having more objective data 
in the care is preferred by the health 
professionals because they can re-
late to it better. However, as they have 
the interest of the patient’s benefit 
at heart, they admit the advantages 
of the subjective data included in the 
care path regardless of the challenges 
it has brought. 

We prefer self-referenced eval-

uation above other-referenced 

evaluation because this stim-

ulates a goal-oriented mindset 

and a learning climate. Where-

as an other-referenced evalu-

ation could potentially result in 

a competitive mindset, which 

could be unhelpful in a rehabili-

tation setting. 

[Physiotherapist]

After introducing more subjec-

tivity, in the beginning, I was a 

bit unsure because one per-

son finds the exercise already 

super hard while from my 

perspective it is not training 

enough. But over time, I noticed 

that this is actually working 

better because at the end of 

the course the goal is that they 

can do whatever they want at 

the end in their daily life. 

[Physician Assistant]

Some patients, while they are 

doing exercise and you ask 

them for the BORG score, and 

they say that I am at 13. Then 

you look at their heart rate and 

the physical data and realize 

that what they are saying does 

not really fit from a clinical view. 

[Physiotherapist]

(3) The untrustworthiness of objective 

data in CR

Related objective CR data such as the 
heart rate is deemed unreliable as an 
evaluation criterion to adapt the exer-
cises for patients because of the im-
posed effect of the medicine. For ex-
ample, a patient sitting on a chair could 
have a high heart rate, which makes a 
monitoring device that checks the pa-
tient objectively understand that they 
are training and exerting themselves, 
while that is not true.

We ask patients to report how 

hard and heavy they find the 

exercise because we cannot 

tell this only based on their 

heart rate because of the con-

ditions of the patients and the 

sort of medication they are 

taking. Besides, we add this 

also because it is in line with 

the aims of rehabilitation. That 

people learn to trust their body 

and what they feel and not 

trust a measurement or some-

thing. They should learn how 

high they sit in their energy ex-

ertion. 

[Physiotherapist]

All in all, the healthcare professionals were 
happy about the inclusion of subjectivi-
ty and supported the idea of intensifying 
that in the care because of the aforemen-
tioned reasons. Not only does it help them 
deal with less scared and uncertain pa-
tients, but it also helps patients to learn 
about their bodies.
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Personalization is time-consuming:

Although the physiotherapists are 
super inclined to introduce more per-
sonalization for the patients, they are 
afraid that it would take more time 
from them.

There is little idea about what happens 

at home:

The physiotherapists have no clue 
what happens at home, and whether 
patients follow the care plan and ad-
vice they had received. Therefore, pa-
tients are again suddenly on their own, 
only doing some exercises at home 
while officially in the CR program.

I think if we could change their 

exercises throughout the pro-

gram based on what they like, 

they would end up doing more 

of them. That would take so 

much time of course, but may-

be we can do it at least in the 

intake. 

[Physiotherapist]

We have 3 pre-made pro-

grams of exercises on Physi-

track for low, moderate to high 

intensity, but we usually give 

out the second program to all 

patients to cover the big range 

of patients, and patients do not 

get a say in it.

I see these exercises for pa-

tients, and they are like nothing 

from a medical point of view. 

I do not think they will get the 

patients to train enough, only to 

get them moving a bit, I guess.

[Physiotherapist]

[Physiotherapist]

At the start, we give it to them 

and say good luck with it. We 

have no idea whether they do 

it or not. Sometimes we give 

them a call to see how things 

are going, but that is it. 

[Physiotherapist]

The CR (blended) care is currently con-

sidered not personalized enough:

According to the physiotherapists, 
there is a one-size-fits-all approach to 
the exercises currently given to the 
patients in which they do not decide 
much.

Due to this generic approach to pre-
scribing care plans, the health out-
comes of the patients can be com-
promised because they would not be 
training enough (the range of 11-15 on 
the Borg score) if the exercises are too 
easy or too hard for them.

3.4.5 Current Pain Points
Health professionals expressed some con-
cerns about the personalization of the cur-
rent care and the complications as the re-
sult of blended care, which are as follows:

Patients want feedback on their perfor-

mance at home

The fact that physiotherapists have no 
insights coming from the home con-
text also concerns the patients, which 
could be because of their desire to be 
supervised and keeping the health 
professionals in the loop of how they 
are doing to feel safer.

Yesterday, I had a call with 

this patient, and he asked me 

whether we see how they are 

doing at home. I told them no, 

it is for yourself you have to do 

it. But I guess then they have 

less motivation. 

[Physiotherapist]

The CR ecosystem was unraveled 
so that it can be used for the inte-
gration of the future concept and 
proposing subsequent changes 
concerning the CR workflow in the 
care path.

The vision of blended care with 
more details regarding stakehold-
ers and workflow was created in 
collaboration with the lead cardi-
ologist of Basalt in which patients 
have to come to the center less 
frequently as they undergo the 
program with scheduled appoint-
ments with physiotherapist.

The current personalization level 
of the CR care path was identified 
to be low already (making goals 
and reporting RPE), and it was ar-
gued that leveraging CR subjec-
tive data could potentially contrib-
ute to personalization because it 
centralises the patients.

The pain points and concerns of 
the health professionals regarding 
personalization and blending the 
care at home and center were 
elicited with the most important 
ones being the time consump-
tion of personalisation, demand of 
patients for feedback while heath 
professionals have no insights 
into that.

The conversations with the health 
professionals mainly consisted of 
the exercise part of the CR care 
path as it projects how they see 
rehabilitation. However, it did not 
help with understanding what 
needs to be personalised in the 
CR care path for patients. There-
fore, the next chapter focuses only 
on the patients to see what the 
personalization level in CR could 
be using the subjective data.

3.5 Takeaways
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Chapter 4

USER RESEARCH

This chapter aims to present all the research conducted to understand the 
patients to determine the level of personalization needed in the care which is 
divided into two parts. The first part presents the CR patient experience and 
the contextual factors influencing their transition from phase 2 to phase 3 of 
CR (moving from CR center care to home care while learning to manage their 
condition) which are the results of the text mining analysis of online patient 
stories. The discussion and conclusion of this analysis were used as the input 
for the second part of the user research in which sessions were conducted 
with stakeholders to explore the level of personalization evident in the care 
using the patients’ CR subjective data. Finally, the chapter concludes by bring-
ing all the results of the user research together to shape profiles of patients 

used for personalization and adaptation.
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4.0 Introduction 4.1 Patient Stories
The study thus far has unearthed 
several factors relating to health 
professionals and the system to 
shed light on the project’s viability 
and feasibility. 

In order to better understand pa-
tients and the appropriate person-
alization window in the care, this 
chapter is devoted to user research 
to address the desirability as well as 
other aspects. 

Thus, this user research started 
with the purpose of understanding 
the experience of cardiac patients 
during CR using the patient stories 
and identifying the personalization 
degree desired by the stakeholders 
via sessions with stakeholders.

To start the analysis, I collected a dataset 
of online patient stories and analyzed them 
using text mining techniques (see Appen-
dix B). The first result of the analysis was 
zoomed-out perspective of the recovery 
journey of cardiac patients in which CR 
makes just a portion of it. 

While examining the experience of pa-
tients, I identified three main phases in the 
recovery of cardiac patients being the fol-
lowing:

The names were inspired by the quotes 
of patients in which they implied that their 
recovery process was a journey to get to 
know their new self in the new normal. In 
this recovery overview, CR was considered 
in the middle, where it helped patients to 
transition to their new normal to some ex-
tent. The recovery period can be found in 
Appendix C with more details.

After empathising with the overal recovery 
experience of patients, I zoomed-into the 
experience of CR itself, which showed the 
CR specifc experience of patients as well as 
the contextual factors influencing their re-
covery and the aforementioned transition 
in the CR center and home context.

1- Towards the New Normal.

2- Transition to the New Normal.

3- Experiencing the New Normal.

Figure 4.1: User research results from patient stories Figure 4.2: CR key-moments from the patient experience

4.1.1 CR Patient Experience
The CR journey consisting of the experi-
ence of patients in the second phase of 
CR from the start to the completion point 
at the rehabilitation center contains sever-
al key moments shown in figure 4.2. These 
moments correspond to the CR workflow 
devised in the previous chapter, which 
shed light on the experience of patients 
during the care.

The CR care pathway occurs when pa-
tients are transitioning to their New Nor-
mal, in which they start to learn about 
their body and condition and how to man-
age them. In order for them to continue liv-
ing their lives, CR plays a significant role in 
assisting them in realizing their capacities 
and limitations. 

However, they find their transition at the 
end of CR quite hard, feeling clueless and 
unsure about what they can or cannot do. 
Moreover, according to patients, the over-
all perceived personalization level of the 
care is considered rather low, except when 
they make goals to reach throughout re-
habilitation. 

Therefore, CR is considered more than only 
doing exercises for patients in contrast 
with how health professionals mainly ad-
dress it (CR being more about the exer-
cises), as patients see it as a few weeks 

of learning about their body and how to 
manage their condition.

The complete CR experience journey can 
be found in Appendix D.
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4.1.2 Contextual Factors
The context for the patients starting in the 
CR care pathway is not only the center 
they receive the care, but it is also their 
home context and environment during 
the 6-8 weeks of CR. 

The notion of blended care, in which some 
of the patient’s care is delivered home, 
places a high value on the home con-
text. In this case, the contextual factors 
at home become of utmost importance, 
especially because of the fact that the 
health professionals are unfamiliar with 
what occur there. Thus, these factors can 
compromise the recovery of the patients 
envisioned in CR.

However, context is in itself very nuanced 
and difficult to capture. Ovretveit (2011) de-
fines context as “all factors that are not 
part of a health quality improvement in-
tervention itself.” According to ASHA (2022), 
these (contextual) factors include, but are 
not limited to:

One way to look at these factors is to see 
them as facilitators and barriers not only 
to the received care but also to the imple-
mentation of the future solution. Another 
viewpoint is to consider them as some of 
the factors based on which the intelligent 
solutions learn and adapt. The second per-
spective is adopted in this project. These 
are the factors that might potentially hin-

der the transition of patient to their normal 
daily life in CR phase three that need to be 
ideally captured in the home context.

As stated earlier, the factors influencing 
the care and transition of patients in both 
contexts of home and center were elicit-
ed from the experiences of patients in the 
online stories. 

Appendix E presents explanation about 
the factors pertinent to the project scope 
visible in figure 4.3.

“Environmental Factors—factors not 
within the person’s control, such as 
family, work, government agencies, 
laws, and cultural beliefs.

Personal Factors—include race, gender, 
age, educational level, coping styles, 
etc.”

Figure 4.3: Project-scope Relevant Contexual Factors
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4.1.3 Discussion
The first part of the user study was car-
ried out by analyzing online patient stories, 
which resulted in insights into the CR ex-
perience of patients and the contextual 
factors in place in the center and home 
context of the patients, which is crucial 
to consider when implementing blended 
care while personalizing the care.

The experience of patients showed that 
the current status of traditional CR is per-
ceived already not personalized by the pa-
tients. This means that it might become 
even less personalized when they have to 
do most of it at home when blending the 
care.

Moreover, according to patients, CR is seen 
as a part of the bigger picture of recovery 
and means more to patients than solely 
some exercises as opposed to how health 
professionals generally see CR.

The difference in perceiving CR between 
the two main stakeholders of health pro-
fessionals and patients is evident. From 
the medical point of view, patients need to 
“train enough” (range of 11-15) on the borg 
in order to have health outcomes at the 
end of rehabilitation and that is what they 
should work towards. However, patients 
see CR as means to reaching their per-
sonal and subjective goals in rehabilitation. 
This different perspective on rehabilitation 
might cause some friction between the 
stakeholders resulting in the CR not being 
personalized from the patients’ viewpoint.

Identification of the influencing factors in 
the home and center context revealed 
several aspects that affect patients’ recov-
ery. One of the factors was that patients 
find the CR data hard to relate, especially 
to the home context. This might be one of 

the reasons for the shift from the pater-
nalistic to patient-centered model in CR in-
troduced earlier, in which more subjective 
data is used with patients for personaliza-
tion.

As a measure to combine the results ob-
tained from the patient stories, I set out to 
explore whether (subjective)data current-
ly in place in CR can be utilized and lever-
aged to increase personalization for pa-
tients while not increasing the workload of 
the CR health professional and the system 
in the blended care. 

Therefore, I conducted sessions with the 
stakeholders specifically to explore wheth-
er using the CR data can bring any value 
to the stakeholders by increasing the per-
sonalization level.

4.2 Sessions with Stakeholders
After having a general knowledge and un-
derstanding of the pain points and the 
context in place from the patient stories, I 
approached the patients and health pro-
fessionals specifically to understand the 
new possibility introduced earlier, which is 
to explore whether CR subjective data can 
be leveraged to introduce more personali-
zation for patients.

As mentioned earlier in chapter 3, the sub-
jective data in CR are the PSG, which is used 
to make goals at the start of the CR care 
path, and the BORG, which is used to adapt 
the exercises to patients’ limits through-
out the care path. The reason for choosing 
these two data was the insights and ben-
efits of this score already mentioned in the 
patient stories and the fact that it supports 
the concept of patient-centered care need-
ed for personalization in blended care.

Thus, these two data were used as the con-
versation-starters with stakeholders in the 
sessions conducted with the physiothera-
pist and patient. The general procedure for 
these sessions contained facilitation of dis-
cussion using different scenarios concern-
ing the data (visualization), which sparked 
new and unexpected notions. 

The result of this activity is presented in the 
discussion.

66 67



4.2.1 Physiotherapist 4.2.2 Patient
From the context inquiries through CR 
healthcare professionals introduced in 
the previous chapter, I discovered that the 
physiotherapists were the ones in most 
direct and continuous contact with pa-
tients throughout the care path, while the 
cardiologist or the physician assistant are 
the ones having the overview of the care 
for the patients. Thus, for this session, I de-
liberately approached the physiotherapist 
since they have observed all types of pa-
tients, and they can have more close opin-
ions and be more accurate. 

The session with the physiotherapist con-
sisted of showing different types of hypo-
thetically logged-in data with regards to 
the aforementioned two scores and ask-
ing about the type of patients they have 
observed who demonstrate such behav-
ior with the aim of understanding nuanc-
es and opportunities for personalization.

The approach taken towards the physio-
therapist’s session was also taken with 
the patient’s one. The interactive session 
consisted of the patient seeing multiple 
ways that the data could be used and giv-
ing meaning to it, intending to understand 
what is personal in this data for the patient.

The patient that participated in the ses-
sion had already finished their rehabili-
tation a few months back, meaning that 
she had to be sensitized to recall her ex-
periences with the data during CR. As a re-
sult, I had pre-made different scenarios in 
which different data was logged in based 
on the assumptions elicited from the pre-
vious research. This session, similar to the 
one with the physiotherapist, was aimed 
at understanding whether utilizing the CR 
subjective data could be of value for per-
sonalization.

Figure 4.4: Session with Physiotherapist

Figure 4.5: Session with Patient
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4.2.3 Discussion
After facilitating sessions with the stake-
holders regarding the different scenarios 
that could possibly happen with this sub-
jective data in CR, I discovered that these 
data are indicative of more behaviors, nu-
ances, and traits than initially assumed. 

A certain process of reporting the data by 
the patients helped the physiotherapist 
recognize a certain type of patient, which 
triggered how they should be treated. The 
patient also explained her experiences 
with stories fitting the presented scenar-
io in which most of my assumptions were 
validated. 

Although the sessions validated many 
of the assumptions, they created a new 
knowledge that I did not set out to uncov-
er, and it was solely created by seeing the 
data. 

I started this study with a (sub)goal (as an 
assumption) to see whether the scenari-
os of different logged-in data could distin-
guish the fearful patient as this trait was 
initially assumed as the personalization 
level and the main identified difference 
between patients. Nevertheless, it was 
revealed that patients have more profiles 
than only the insecure ones, and it would 
be naive not to take them into account. 
These differences can occur with what 
patients do in CR, which is reflected in their 
exertion and goal data, and some uncon-
trollable factors such as age, condition, etc.

These data points can potentially consti-
tute the Understand loop of the intelligent 
solution so that the system can detect 
certain behaviors and traits of the pa-
tients to personalize the solution using the 
Adapt loop. 

Therefore, the insights in this section are 
presented as “what you have” and “what 
you do” which are envisioned to be used in 
the Understand loop to detect nuances of 
patients, and “what you need” which are to 
be used in the Adapt loop of the intelligent 
solution for personalization.

Figure 4.6: Three categories of data points

What you have: (input)

‘What you have’ refers to the (more ob-
vious) data points belonging to the de-
mographic, condition, age, and gender 
of the patients, which is needed for the 
intelligent solution to Understand the 
patient. 

What you do: (input)

This one on the first level refers to the 
data points needed to Understand the 
patients’ behaviors, experiences, and 
context. Second, it is used by the sys-
tem to understand whether the adap-
tation resulting from a previous Under-
stand loop is adopted or even accurate 
to learn to make itself better.

What you need: (output)

The data point from the previous two 
items, “What you have and do,” deter-
mines what a certain patient needs, 
which is contained in the Adapt loop. 
It indicates the adaptations of the in-
telligent solution with regards to the 
design and also the made decisions in 
response to the Understand loop.

Therefore, the intelligent solution could be 
considered as figure 4.7. The ecosystem 
(inside the loops shown in the figure) is the 
result of the previous chapter in which the 
current CR ecosystem was uncovered in 
the center.

The following two subsections present the 
results in terms of the three aforemen-
tioned categorised data: 

Figure 4.7: Intelligent solution with data points
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As previously mentioned, the BORG is 
a scale from six (minimum exertion) to 
twenty (maximum exertion) with which 
patients rate the heaviness of exercises 
and activities in CR. However, the result of 
the sessions revealed that more meaning 
could be derived from this scale, and it has 
more value than solely assigning a num-
ber to an activity. 

If we divide the Borg scores into three re-
gions of under-training, enough-training, 
and overtraining, the zone that the pa-
tients usually train there says a lot about 
them. For example insecure/scared type 
of patient tends to under-train, and the 
fearless kind of patient tends to overtrain, 
and the person enough training is already 
doing a very good job. 

The differences between the behavior of 
such patients require them to need some-
thing different from the rehabilitation, 
which can the personalisation level miss-
ing currently.

The overview of the insights with regards 
to the scale are shown in figure 4.8.

Exertion Level

When we see a patient report-

ing a number on the Borg dur-

ing exercise, and they keep in-

creasing it rapidly, for example 

one minute it is 9, the next 12, 

and then 15. Then we know the 

patient is scared because they 

are reporting and increasing 

the number frequently. 

Some patients do not exert 

themselves above a certain 

number, then we know that 

they are the scared type. On 

the other hand, you have to 

put a break on some patients 

because they are fearless and 

want to do as much as pos-

sible like +17 ,but then it might 

become very dangerous for 

certain cardiac conditions, and 

they might end up being tired 

all the time. 

[Physiotherapist]

[Physiotherapist]

Figure 4.8: Insights regarding the Borg scale
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The physiotherapist, who deals with pa-
tients when they need to make some 
physical goals at the start of the rehabilita-
tion, shared stories of different patients in 
this situation. The aggregation of the sto-
ries revealed that patients exhibit different 
behaviors toward making rehabilitation 
goals depending on their motivation level 
and referral method to CR.

As mentioned in chapter 2, the referral to 
CR is currently a significant problem be-
cause of the shortage of CR health pro-
fessionals and the capacity of the system, 
meaning that very few people are referred 
to CR in the first place. However, the ones 
who do get referred, have different meth-
ods of referral which could be initiated by 
the doctor or the patients themselves. 

For example, a patient could be the one 
asking their doctor to refer them to CR in 
which case they have the highest moti-
vation to undergo CR. On the other hand, 
there are some patients as well who get 
referred to CR by their doctor while they do 
not see the relevance and do not think that 
they need it. Thus, they feel much more 
difficulty coming up with goals in the first 
place, and as a result, feel less motivated 
to undergo CR.

The range of the patient’s motivation con-
cerning the data points already mentioned 
can be seen in figure 4.9.

Goal Making

I sometimes see patients who 

get referred by their cardiolo-

gist to CR, and they cannot re-

ally see why they are there. We 

have a lot of difficulties with 

such patients because they 

cannot come up with a goal 

themselves, and they keep 

coming to CR less and less be-

cause they do not feel internal-

ly motivated. 

[Physiotherapist]

Figure 4.9: Insights regarding the goal making
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4.3 Patient Profiles
In order to combine the two earlier-pre-
sented figures, I devised profiles of patients 
(figure 4.10-11) which were elicited from the 
data gathered from the user study in this 
project, reflecting the different sorts of pa-
tients starting CR.

These need-based profiles are aimed to 
cluster representative profiles based on 
their needs and behaviors to detect arche-
types with two main axes for the goal/mo-
tivation, and the exertion level.

Usually, profiles are used to tailor the de-
sign solution as a measure to personalize 
the design. While that is still true, here I did 
not mean to label or stigmatize patients by 
giving them a type and making a one-time 
adaptation based on the profiles. Due to the 
long period and the exploratory nature of 
CR, patients might navigate between pro-
files because they are still experimenting 

Figure 4.11: Patient profiles

to identify their capabilities and limitations, 
meaning that the solution should detect 
these changes and adapt to them. This is 
best explained by the patient’s case:

Case of the patient:

The interviewed patient started rehabilita-
tion with profile (2) consisting of high moti-
vation and fear, indicating that she overesti-
mated many activities and underestimated 
her capabilities. In the first weeks of rehabil-
itation, the training went better and easier 
than expected and she did more exercises 
because she liked them. Thus, she felt re-
ally confident that she is now capable of 
doing many things. This resulted in her do-
ing more than usual which left her tired, out 
of energy, and confused about why that 
was happening. Here she had transitioned 
to profile(1), in which she was still with high 
motivation, but her insecurities were gone, 
so she kept doing things and feeling tired.

( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 )

Figure 4.10: Patient profiles on the matrix
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Chapter 5

DEFINE

This chapter aims to bring all the research conducted thus far together in 
order to answer the research questions initially formulated for the project. 
Therefore, it starts with a quick recap of the stated problem and the research 
questions, after which it provides answers to all the questions, while the per-
tinent insights from the previous chapters are also presented in summary to 
get the overview. Finally, the chapter finishes by stating the vision and design 

goal set for the project.
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5.0 Introduction 5.1 Answering RQs
This project started with the initial problem 
framed as how to support the transition 
of blended care while increasing the per-
sonalisation level by exploring the role of 
data in order to help patients with having 
a smoother transition to the home care, 
allowing more patient to enter the CR care 
path while having good health outcomes. 
In this regard it was envisioned to utilise 
intelligent solutions to realise the person-
alisation of the design for the patients.

According to this problem framing, the re-
search questions were formulated which 
are as follows:

(1) Which parts of the CR care in the CR 
workflow should the intelligent solution 
support?

In order to answer this question, I dis-
covered three things about the care, 
being the vision of Basalt for blended 
care, the current workflow in the center, 
and the CR ecosystem.

Firstly, I unraveled the vision of Basalt 
for blended care with the lead cardiol-
ogist (figure 5.2), in which patients will 
have to come to the center less fre-
quently as they go through the pro-
gram, with regularly scheduled ses-
sions with the physiotherapist to have 
check-in moments with the aim of 
making the transition to home care 
smoother.

Secondly, I mapped the current CR 
workflow and care (chapter 3, figure 
3.16) to understand which part should 
be supported mainly by the intelligent 
solution to help the transition to blend-
ed care.

Thirdly, I uncovered the CR ecosystem 
at the center and home in order to fa-
cilitate the integration of the future 
solution to ensure its uptake by the 
system.

All in all, the future solution is envi-
sioned to support blended care at the 

center and at home, which according 
to the scope of the project, is about 
the exercises given to patients to do at 
home while involving the physiother-
apist, which is the minimum support 
that the solution can offer. (Figure 5.5 
shows the overview of the focus of the 
project on the workflow with the cho-
sen data in CR to focus on)

Aside from supporting the envisioned 
workflow for blended care, the future 
solution should also support the differ-
ences of the patients in CR and adapt 
itself to them to increase personali-
zation. In this regard, I argued that the 
intelligent solution should detect the 
data points relevant to the profile of 
the patients (figure 5.3) by utilizing its 
Understand loops to capture “what 
they have, & do “ to personalize itself 
using the Adapt loops (figure 5.4).

Figure 5.1: Initial Problem Statement

Figure 5.2: Vision for Blended Care at Basalt

Start Finish

Figure 5.3: Patient profiles on the matrix

Supporting the Care:

(1) Which parts of the CR care in the CR workflow should the intelligent solution support?
(2) Since CR is delivered in a multi-disciplinary team, which health professional stakehold-
er(s) should be involved in the solution?
(3) What data from the patient should be communicated to the health professional to 
support blending the identified care part?

Personalisation:

(4) What is the desired and relevant personalisation level in CR care?
(5) What should the intelligent solution learn from the patient to adapt?
(6) What should be adapted based on the identified nuances?
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Figure 5.5 : Scoping down on the CR workflow and data (highlights)

Figure 5.4 : Intelligent solution integrated in the ecosystem

82 83



(2) Since CR is delivered in a multi-disci-
plinary team, which health professional 
stakeholder(s) should be involved in the 
solution?

(4) What is the desired and relevant per-
sonalisation level in CR care?

(5) What should the intelligent solution 
learn from the patient to adapt?

(3) What data from the patient should be 
communicated to the health profession-
al to support blending the identified care 
part?

(6) What should be adapted based on the 
identified nuances?

Defining the scope on the CR workflow 
helped with identifying the relevant 
stakeholders involved in the selected 
care part. As the solution is envisioned 
to support the exercises at home as 
part of the care delivered there, the 
physiotherapist who is in charge of 
this care part should be involved in 
the solution to support the transition 
to blended care. Therefore, as seen in 
figure 5.5, the physiotherapist’s role has 
been highlighted as the one involved in 
the design. 

The patient profiles consist of three 
categories of data points: ‘What you 
have’, ‘What you do’, and ‘What you 
need’ (example in figure 5.6). This in-
dicates that the intelligent solution 
should learn from the patients by un-
derstanding the first two datapoint 
categories.

Presently, the physiotherapists have 
no clue what happens at home and 
if patients follow the care plan and 
advice they have received. This indi-
cates that no insights into the relevant 
home contextual factors are available. 
Therefore, it is desired that the physi-
otherapists would be informed of the 
irregularity and diagnosis of the perfor-
mance data (home and center) shown 
in the Borg scores of the patients’ per-
formance during the planned sessions 
to support blending the care as well as 
personalization.

This question is not completely an-
swered as the efforts thus far were 
towards understanding the personali-
zation level. Therefore, this question will 
be answered in the rest of the project, 
where adaptation will be explored in 
ideation.

By exploring the CR subjective data 
with the stakeholders, I sought to de-
termine the appropriate level of per-
sonalization, which produced various 
patient profiles. The profiles classify the 
patients based on their motivation lev-
el to start CR at the beginning and their 
insecurity level during the care path, as 
these two factors were the major dif-
ferences that came out of the user re-
search.

Figure 5.6 : Example of a detailed patient profile

5.2 Designer Vision

5.3 Design Goal

Based on the aforementioned evidence 
which aimed to inform the initially formu-
lated problem, I set my own designerly vi-
sion for the rest of the project:

Herewith is my design goal envisioned for 
the stakeholders:

The intelligent solution should sup-

port the patients in blending the CR 

care at home and center in a per-

sonalized manner so that they can 

learn about their bodies by becom-

ing more active and responsible in 

their care, enabling them to have a 

smoother transition to home care 

once the CR is complete.

The goal for the patients is to per-

ceive the CR care as homogenous 

at the center and at home while 

it is personalized and relevant for 

them to engage in their care while 

learn about their bodies, while part 

of this personalisation and the ho-

mogeneity of the care is enabling 

the physiotherapists to have some 

insights into the care delivered at 

home. 

The health system will then be 

able to accommodate more CR-el-

igible patients while maintaining 

thehealth outcomes & personal-

ized nature of care along the CR 

care pathway by providing some of 

the care at home.
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Chapter 6

IDEATION

This chapter aims to present firstly the general approach towards the idea-
tion in this project, and secondly the concept aggregated from the previous 

iterations is presented.
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Figure 6.1: Impression of the ideation (iteration 5)

6.0 Introduction
Due to the chosen methodology, be-
ing research through design, I start-
ed ideating very early in this project 
from the first iteration. Therefore, 
the ideation process did not occur 
linearly after the define stage, but 
through different iterations of ex-
ploring possibilities and receiving 
feedback, which helped with mak-
ing certain design choices and re-
jecting some design and concept 
directions because of not providing 
value in terms of desirability, feasi-
bility, or viability. Appendices F-J in-
clude details of ideas in iterations.

Before setting the design goal, the 
first three iterations produced many 
concepts. Then, after breaking each 
concept down into few elements 
that captured their core, I set out to 
get feedback on them. This helped 
with putting together the effective 
and appropriate elements shaping 
the final concept.

As a result of the accumulation of 
all the concepts and tests conduct-
ed up until this point, I decided to 
use everything that worked well, 
was preferred by the stakeholders, 
and also matched the design goal 
and problem earlier identified, to be-
gin shaping the final concept.
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6.1 Concept
The concept chosen to continue with is an 
intelligent solution comprised of an app for 
the patient to use at home and a dash-
board for physiotherapists supporting the 
home care part of CR. The concept has 
three main modules to realize the design 
goal formulated earlier for the project, in 
which integrated feedback loops allow the 
understating and adapting capabilities of 
the solution needed for personalization.

It is envisioned that patients start using 
the concept when starting in the care 
path to make goals and engage with their 
exertion data and reflect on it to better un-
derstand their body and take subsequent 
actions. The further patients go into the 
program, the more responsibility they will 
have to do the things that otherwise the 
health professionals would do for them at 
the center. 

This concept supports blended care in a 
way that enables the patients to log their 
exertion data at home so that the phys-
iotherapist is aware of their performance 
and allows integration of the data coming 
from the center and home to do deeper 
reflections.

The following sections provide the es-
sence of the concept, the concept mod-
ules, the integrated intelligence, and finally, 
a user storyboard providing an overview of 
the concept as a service.

6.1.1 Concept Essence

Supporting blended care by enabling 
the patients to do the same procedure 
as the center at home (doing exercises 
and reporting exertion) while informing 
the physiotherapist about the perfor-
mance so that the patients feel that 
the home care part is still part of their 
rehabilitation.

Activating patients and giving them 

more responsibility by allowing them to 
reflect on their experience of rehabilita-
tion training and the actions needed to 
make their condition better.

Personalising the concept by under-
standing their profile using the Under-
stand loops of the modules to adapt 
according to their needs.

Facilitating making personalized goals 

fitting their profile.

6.1.2 Concept Modules
The concept has three main modules re-
alizing the envisioned effect on the stake-
holders, each presenting a certain func-
tionality of the concept, where each of 
which has its own Understand and Adapt 
loop to learn from the patient.

(1) Goal setting: 

This module takes place in the pre-pro-
gram phase of CR where patients 
make goals for their rehabilitation, and 
evaluate them during the care path as 
well as in the sessions with the phys-
iotherapist. This module tends to posi-
tion the patient on the vertical axis of 
the patient profile at the start of CR by 
understanding the CR referral meth-
od which presumably conveys much 
about the patients’ goals and motiva-
tion.

(2) After rehabilitation check-in: 

This module is intended to be used af-
ter the CR training sessions either in 
the center or home rehabilitation. This 
module understands the logged-in 
Borg scores at home and center and 
tries to either give meaning to it or fa-
cilitate the patient to make sense of 
it. The input for this module is wheth-
er the accumulation of the scores 
states that the patient is undertrain-
ing, enough training, or over-training to 
position them on the horizontal axis of 
the patient profile, which is assumed 
to occur during the rehabilitation care 
path as the result of the reflection on 
the Borg scores.

(3) Everyday life: 

This module is meant to help patients 
transition to home care and build trust 
in their bodies by seeing their progress 
or the personalized content and in-

sights. This module is meant to use 
the output of the first two modules 
(their position on the motivation and 
the insecurity level) to make personal-
ized content.

Figure 6.3  shows the modules with 
their feedback loops in the service 
alongside the CR care path.

Figure 6.2: Patient profiles on the matrix
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Figure 6.3: Concept Modules in the service

6.1.3 Concept Intelligence
One of the effects of this concept, being 
care personalization for the patients, is 
envisioned to be shaped and modified 
according to the patient profiles, which is 
achieved by the Understand loop in each 
module. 

The idea is that patients starting in the 
service do not have a certain profile at first, 
but it gets shaped based on their ranks in 
the first two modules (their motivation 

levels and goals, and their insecurity level), 
which will shape the profile throughout the 
program. The former positions patients on 
the vertical and the latter on the horizontal 
axis of the profile matrix (figure 6.4).

Figure 6.4: Patient profiles on the matrix
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6.1.4 User Storyboard
Figure 6.6 (on the next page) shows one 
scenario using the concept in which 
the patients start CR by undergoing the 
pre-program stage (intake, etc.). 

Before going to the center, they already 
use the app to make some goals, then 
they will discuss this during the physical 
intake with the physiotherapist

After this stage, they are ready to start CR 
training rehabilitation. Therefore, they go 
through the cycle of doing an exercise, giv-
ing a Borg score to it, and logging it in on 
the bracelet. 

When they come home, they receive a 
notification from the app that they can see 
their recent performance, and it would be 
helpful to do a 5-minute check-in in which 
they are asked about their experience as 
well as the reason for the reported num-
ber to diagnose their data. 

The next training session is scheduled to 
be at home; therefore they open the Phys-
itrack app to exercise, after which they 
report Borg scores on their app and are 
asked to do a check-in again to see how 
they did today.

Based on the data coming from the diag-
nosis of the check-in module some actions 
are proposed or facilitated for the patients 
in the Everyday Life module to help them 
diagnose their performance and take rele-
vant actions based on their goals.

Figure 6.5: Concept Modules

This chapter presented the ap-
proach taken towards ideation 
which resulted in a somewhat 
final concept which was the as-
semblage of different concept 
parts of earlier ideas that had re-
ceived positive feedback and had 
the potential to create value by 
addressing the design goal.

The concept was elaborated in 
terms of its envisioned effect, the 
modules realizing those effects, a 
user storyboard, and finally, it was 
argued that the intelligence of the 
solution would be realized by the 
feedback loops integrated into the 
modules to provide care person-
alization according to the patient 
profiles.

The concept at this stage was de-
liberately not made very concrete, 
but it showed a general idea of the 
effect it is envisioning. This was 
due to an extensive development 
and evaluation iteration planned 
with the users following RtD prin-
ciples to make the final decisions 
regarding the design choices in 
collaboration with patients over a 
course of two weeks.

6.2 Takeaways
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Figure 6.6: Concept use scenario
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Chapter 7

DEVELOPMENT & 
EVALUATION

This chapter aims to illustrate the testing and development of the concept 
introduced in the previous chapter which occurred over the course of two 
weeks. To make the information sensi-ble as it was a tense and insight-dense 
iteration, I decided to present the chapter chronologi-cally as the activities oc-
curred. Therefore, firstly the aim and method of the testing in the first week 
is presented followed by the insights and the consequent design changes. 
Then the chap-ter continues with presenting information regarding the sec-

ond week of testing and the final conclusion.
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7.1 Participants
Ten patients, ranging in age from 55 to 75, 
took part in the study over the course of 
two weeks, two of whom were male and 
eight were female. They had not yet start-
ed rehabilitation at the point of recruit-
ment, but already had their intake session 
at Basalt and were at the hospital to do 
the Exercise Test to start rehabilitation 
shortly. 

The recruitment moment of the patients 
brought challenges to testing the mod-
ules earlier introduced. Although it was 
beneficial to test the first module, it was a 
disadvantage for the second one. 

It brought value to testing the first mod-
ule, which is about making goals because 
patients were exactly at the point in the 
care path in which they had to make goals 
for CR. On the other hand, it brought a dis-
advantage to testing the other module, 
which is focused on the Borg scores of 
patients and what meaning it could bring. 
The reason is that at that point patients 
had not yet been familiarised with the 
Borg score. 

I had to explain the score to them Of 
course, but that could never be as good 
as the health professionals explaining it 
and patients trying and reporting it a few 
times at the center themselves.

Figure 7.1:  My workspace at the hospital for the two weeks of testing

7.0 Introduction
Research through design necessi-
tates involving the stakeholders in the 
development of the concept to vali-
date or reject assumptions regarding 
the design that might otherwise not 
be discovered before the complete 
development and implementation of 
the concept. This is in contrast with 
designing a concrete concept and do-
ing an evaluation at the end of the de-
sign process. 

This method of working is also one of 
the core elements of the data-ena-
bled design methodology in which us-
ers interact with the product remote-
ly, enabling the researchers to learn 
about the users from a distance to 
have a desirable solution at the end.

Therefore, the focus of this iteration 
is the desirability of the users and I 
brought the concept introduced in 
the previous chapter to the users and 
started studying and developing it dur-
ing a two week-period assigned to this 
activity while doing iterative testing 
with the patients at the hospital (fig-
ure 7.1). A total number of 10 patients 
participated in the study which were 
recruited after their Exercises Test at 
the Reiner de Graaf hospital, meaning 
that they had not yet started their CR 
at Basalt.

The first week started with testing 
the concept introduced in the previ-
ous chapter. It focused on the testing 
Understand loops of the concept and 
exploring what could be adapted as 
the result of the personalisation. After 
making conclusions in this regard and 
implementing the necessary design 
changes, the second week started 
with testing the Adapt loops and the 
effect of the design changes. 
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7.2 Week one
The first week’s iteration started with test-
ing the overview of modules presented 
in figure 6.3 (previous chapter), which was 
focused on the Understand loops of the 
solution to see whether the data points 
can be captured to personalize the con-
cept based on the patient profiles. Accord-
ingly, this iteration was also aimed to vali-
date the patient profiles.

The exploration aimed to answer the fol-
lowing questions:

1: Are the devised patient profiles with 
the associated ‘what you have, do, and 
need’ data points valid with real pa-
tients? If yes, how much is their level of 
perceived personalization?

2: Is any adjustment needed for the 
data points (for the understand loop) 
acquired from the patient in the entry 
phase for personalization?

3: What could be adapted (as output) 
to what is understood (as input) to per-
sonalize the concept?

4: What is the general opinion about 
the blended care concept?

7.2.1 Module 1: Goal Setting
This module is about making goals at the 
start and tracking them during CR. The in-
itial level of understanding regarding this 
module is about how much motivation 
the patients have towards rehabilitation. 

The assumption was that the referral 
method to CR as a captured data point 
from the patients already reveals much 
about this trait, positioning them on the 
vertical axis of the profile. 

Therefore, in this test, I aimed to under-
stand whether that datapoint even re-
veals anything about the profile of the 
patients (to adjust my assumption). And if 
yes, what sort of adaptation would be suit-
able for different patient profiles to make 
goals (figure 7.2).

Accordingly, at the start of the session, I 
simply asked them a multiple-choice ques-
tion to understand their referral method 
and gave them a tool (from the concept, 
figure 7.3) to make goals with, after which I 
observed and inquired about whether this 
was personalized for their needs. 

In this activity, the goal-setting tool was 
generic for all the patients, and there were 
no adaptations in place in this regard.

Aim

Method

Figure 7.2: Testing procedure of module 1 Figure 7.3: Goal-setting tool

Patients were asked to make goals for 
their rehabilitation using a tool shown in 
figure 7.3. The tool allowed the patients to 
set three activities that they want to be 
able to do after rehabilitation as their goals 
which are as SMART(specific, measurable, 
actionable, realistic, and timely) as possi-
ble. Then, they were asked to rank the goal 
using the Borg scale to rate how hard and 
heavy they think that activity is for them 
at that certain moment.

The design of this tool was inspired by the 
research insights in which patients were 

motivated and happy to see that their lev-
el of perceived exertion for an activity is 
decreasing with time. Thus, I designed this 
tool for them to make goals at the start, 
and keep track of them and see their pro-
gress during the course of CR.

The tool was used on the phone by the 
patients during the interviews in which 
they had to type the name of their goal 
activities, then use the slider for each goal 
to rate their expected perceived exertion. 
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7.2.2 Module 2: Check-in
This module is about giving meaning to 
the Borg scores logged in by the patients 
at the center and home by allowing them 
to do a check-in after their rehabilitation to 
review their data. The initial level of under-
standing regarding this module is about 
how much patients tend and actually do 
exert themselves during rehabilitation. 
More specifically, the solution needs to un-
derstand whether patients are under, over, 
or enough-training according to their data. 

The assumption was that the logged-in 
Borg scores as captured data points from 
the patient at the center and home could 
potentially to some extent reveal if pa-
tients are fearful, fearless, or just doing fine. 

Therefore, in this test, I initially envisioned 
to understand if there is the assumed cor-
relation between the logged-in numbers 
and the fear level of the patients, position-
ing them on the horizontal axis of the pa-
tient profiles. Due to the nature of this ex-
ploration and the objectives set for it, DED 
methods seemed sensible to use, which 
involve conducting the inquiry remotely.

According to the concept, the transmission 
of the Borg data logged in at the center 
via the bracelet to the patient’s app will be 
done automatically after their rehabilita-
tion session. However, because there was 
no access to this data at that moment to 
do the test, I initially planned to ask this via 
a simple form submission (Appendix K) af-
ter the rehabilitation from the patients(fig-
ure 7.4). 

Then I, as the AI, would do the processing 

Aim

Method

and act as the classifier to understand 
the training zone of the patient and finally 
send back the adapted version of the re-
habilitation check-in for the patient to in-
teract with remotely (figure 7.5). The three 
adapted prototypes of the check-in mod-
ule, which include asking relevant data 
points to make sense of the logged-in 
data, can be found in Appendix L. 

The data collection tool set up in this test 
is the Data Foundry which is an infrastruc-
ture for prototyping and designing with 
data originally made in Eindhoven Univer-
sity of Technology. More details about con-
necting the digital tool for remote data col-
lection can be found in Appendix M.

Figure 7.4: Initial testing procedure of module 2

In the end, unfortunately, I was not able to 
conduct the test set-up with patients due 
to an unexpected issue that concerns the 
point of recruitment of the patients and 
the holiday season (July & August). 

As mentioned earlier, the patients were 
recruited when they were still in the 
pre-program phase (doing the exercise 
test), meaning that they had not yet start-
ed rehabilitation. The assumption was 
that they would start CR almost immedi-
ately after the Exercise Test therefore,they 
could participate in the study. 

However, due to the holiday season, al-
most all patients were doing the Exercise 
Test earlier than the start of their CR be-

cause they were going on holiday.
 
This prevented the test from being con-
ducted as intended since patients would 
have begun CR at least two weeks after 
their scheduled interview with me, which 
would have taken longer than the pro-
ject’s allocated period. Therefore, in the 
first week, no element of this module was 
tested.

Figure 7.5: Impression of the check-in module for under-training (more in Appendix L)
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7.2.3 Discussion
In the first part of the study, I set out to ex-
plore the concept further and answer the 
formulated questions as the iteration goal. 
Therefore, the results of the study are pre-
sented here by answering the formulated 
questions to adjust the assumptions, fol-
lowed by introducing the design changes 
to the concept.

1: Are the devised patient profiles with the 
associated what you have, do, and need 
data points valid with real patients? If yes, 
how much is their level of perceived per-
sonalization?

Fortunately, most of the assumptions 
regarding the patient profiles were ac-
curate, and this level of personaliza-
tion was indeed considered the most 
prominent distinction among patients. 
This was a positive outcome that al-
lowed me to proceed with the concept 
because one of the main objectives of 
this study was to identify and under-
stand the distinctions between the 
patients. Figure 7.6 shows the distribu-
tion of the ten patients participating in 
the study on the patient profiles. The 
judgment of assigning patients to pro-
files was done by me based on the in-
terview results and the traits given to 
patients in each profile. However, this 
classification is envisioned to be done 
by the Understand loop of the intelli-
gent solution capturing relevant data 
points.

One interesting finding of this iteration 
regarding personalization is that the 
profiles are more separate and unique 
than previously assumed. This means 
that the patients from one profile had 
needs and interests in CR that the pa-
tients from other ones could not relate 
to. 

This was evident when patients from 
different profiles started making goals 
with the tool. The design of the tool 
made more sense to the insecure 
patients having high levels of fear (re-
gardless of their motivation). This was 

Figure 7.6: Profiles of patients participating in the study

due to the patients’ partial incapability, 
which prevented them from perform-
ing particular activities either because 
they found them difficult or out of fear. 
As a result, the tool, which involved set-
ting goals for things patients wanted to 
be able to perform by undergoing CR, 
made sense to them since it met their 
needs.

On the other hand, patients from other 
profiles could not relate to this way of 
setting goals. For example, P4 already 
could do everything and did not have a 
certain activity that they were not able 
to do. Therefore, they did not see the 
relevancy of the tool. This means that 
the facilitation of goal-setting should 
be adapted for different profiles detect-
ed at the start of the care path.

This changes the concept in a sense 
that I had previously assumed that the 
profiles would take shape over the peri-
od of rehabilitation as the design learns 
from the patient. However, this test 
showed that the personalization level 
should be done at the start as strong 
as during CR.

The above-mentioned points made 
the personalization level perceived for 
patients quite low in the first week be-
cause my initial assumption with the 
concept was that all patients start at 
the same level and the changes can 
happen throughout time. However, it 
was revealed that the patient distinc-
tion at the start of the care path was 
already tangible.
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Figure 7.7: Goals set

2: Is any adjustment needed for the data 
points (for the understand loop) acquired 
from the patient in the entry phase for 
personalization?

In the first module, the level of initial 
motivation was envisioned to be cap-
tured with the referral method report-
ed by the patient. I came to under-
stand that simply inquiring about the 
referral method already reveals a great 
deal about their motivation. For exam-
ple, a fearless patient who was referred 
by the Dr did not think that he needed 
rehabilitation at all.

There is no activity that I can-

not do, everything is alright. I 

do not have any limitations. 

Honestly, I do not think I even 

need rehabilitation. 

Therefore, it was validated that the re-
ferral method highly correlates with 
helping to understand the motivation 
of the patient, which influences the 
goals they desire to make.

Other data points were envisioned to 
capture the insecurity level of the pa-
tients, such as whether patients got 
their condition as a shock. From the in-
quiries with the physiotherapist, it was 
noted that patients suffering from car-
diac arrest (usually occurring suddenly) 
have a lot of insecurities because usu-
ally, their condition comes to them as 
a surprise leading to losing trust in their 
body. Based on this insight, I assumed 
that this datapoint could reveal the 
insecurity level of the patient (on the 
horizontal axis of the profile).

Consequently, I asked this question 
from the patients, however, I did not 
see any correlation between these 
two points. Therefore, the patient who 
got their condition as a surprise could 
eighter be fearful, fearless, or even neu-
tral. As a result, I neglected this data-
point because it did not reveal anything 
(like the referral method did).

All in all, asking about the referral meth-
od and their complaints in the entry 
phase already put patients some-
where on the profile matrix with suffi-
cient accuracy to implement the first 
adaptation to make goals.

On the other hand, a patient whose 
interest in CR was to regain her daily 
energy and had asked for rehabilitation 
from his doctor and was super moti-
vated to start rehabilitation.

After my vacation, I am start-

ing rehabilitation, and I want 

to do as much as possible to 

have a better condition be-

cause although I am 63, I am a 

very busy woman and need to 

improve. 

Figure 7.8: Patients in the session
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3: What could be adapted (as output) to 
what is understood (as input) to personal-
ize the concept?

4: What is the general opinion about the 
blended care concept?

In the study, patients appeared to be 
much more conscious of their needs 
and their goals had a greater impact 
than I initially thought which made it 
simpler to capture their differences. 

Moreover, patients seemed to have 
distinct CR interests (a general inter-
est that drives them to do rehabilita-
tion) while having different goals. Their 
CR interest has a lot to do with their 
complaints, and it is different than the 
SMART goals patients set at the start of 
rehabilitation. For example, one patient 
was interested to gain more energy 
in her day and wanted to accomplish 
this by CR, but their goal was to do her 
laundry in one go (instead of breaking it 
down into parts). Therefore, their CR in-
terest changes the goals they want to 
make, meaning that first and foremost 
in the service, the goal-making module 
should be adapted based on the earlier 
introduced data points.

In the proposed concept, the two mod-
ules were considered separate and 
had their own Understand and Adapt 
loop, which allowed the testing to run 
in parallel. However, from the learnings 
of the first week, it was revealed that 
the CR interest of patients changes 
the way they look at their Borg data. It 
seemed that they wanted to translate 
their data into their own CR interest 
to give it meaning, otherwise they did 
not find it relevant. As a result, the two 
modules cannot be considered sepa-
rate anymore as the first one chang-
es the second one in terms of content 
and the reflection on the data.

The patients were unaware that they 
needed to exercise at home because 
they had not yet begun their rehabili-
tation at the time of recruitment. After 
my explanations about the concept, 
they readily accepted it and thought 
that this is how it should be. The rea-
son for that could be that patients who 
have not started in CR are not aware 
how what the care path is like, and at 
this point they accepted it.

7.2.4 Design Changes
The insights presented in the previous 
sections inspired some design changes in 
the concept which are at this point some-
what abstract and on the system level, 
but will become more tan-gible in the sec-
ond week.

Bringing personalization to the forefront:

As it was discovered that patients are rea-
sonably distinct even at the very start of 
the care path, the adaptations should take 
place early on. Moreover, I realized that Un-
derstanding the patients at the start of 
the care path is easily detected because 
of their clear distinctions. Therefore, I de-

signed an onboarding part in the concept 
which happens after patients are enrolled 
in the program and start with their app. 
It comprises a checklist of questions to 
reveal the aforementioned data points 
(which are comparable to the features of 
a dataset) to classify patients (their label 
profiles).

Adding more loops:

Based on the results of this test, the two 
modules cannot be seen as separate an-
ymore. Therefore, it is needed to add more 
feedback loops so that the identified pro-
file of the patient influences the adapta-
tions of other modules (figure 7.9).

Adaptation of the goal-setting module:

I discovered that patients from different 
profiles had certain needs and wanted to 
make goals in a different manner. 

For example, patients with low insecurity 
and high motivation level on the profile 
(green) have a complaint of being tired all 
the time because they are capable of do-
ing everything and they actually do them. 
Therefore, because of their lack of energy, 
they divide the activities into many parts. 
Interestingly, the goal they wanted to 
make was to do activities in one go. On the 
other hand, patients with low motivation 
and low insecurity level (purple) wanted to 
make goals more related to exercises and 
wanted to break their records because 
they were fearless and unmotivated so 
the meaning and the role of the app was 
perceived different by them. However, re-
gardless of the profile patients general-
ly were happy to see that the Borg score 
for the activities was dropping as they felt 
progressing and getting stronger.

Figure 7.9 : Module feedback loops updated from figure 6.3
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7.3 Week two
The second week of testing aimed to fo-
cus more on the adaptation part, while 
examining the effect of the design chang-
es to check the perceived personalization 
level. The other focus of this iteration was 
on the understanding and visualization of 
the Borg data and perceiving the overall 
service instead of only parts of it. The sec-
ond week was not as fruitful as the first 
week as two of the patients did not come 
to their appointments at the hospital, and 
there was one patient who did not speak 
English, so the test could not be done. 
Thus, there were fewer participants in the 
second week.

7.3.1 Method
First of all, patients were given a scenar-
io (figure 7.10) of being in the blended care 
path, which was explained by me (figure 
7.11). 

Then, they were given the onboarding 
prototype (figure 7.12), which aimed to un-
derstand the previously mentioned data 
points. The reason for testing the onboard-
ing was that I wanted to not use my un-
derstanding of the patients based on talk-
ing and empathizing with them because 
I have been researching the experiences 
of cardiac patients, and I can easily distin-
guish their type. Therefore, I set out to see 
whether only doing the onboarding, which 
is simply answering a few questions with-
out the inclusion of my own intelligence as 
a classifying party could be enough for the 
solution to Understand the patients. 

After this part, I acted as the AI and gave 
them the adapted version of the goal-set-
ting module (figure 7.14).

Finally, I would take them over the scenar-
io in which they had rehabilitated at the 

center and see the visualized Borg scores 
on their app and ask their opinion (figure 
7.15).

 

Figure 7.10 : Scenario of blended care

Figure 7.11: Me explaining the scenario

Figure 7.12: Onboarding prototype
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Figure 7.13: Patient doing the onboarding

Figure 7.14 : Goal setting with the app

What you see before going to 
the center to rehabilitate

What you see after what you see when you 
check-in

Figure 7.15 : Seeing the Borg data and checking-in
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7.3.2 Discussion

7.3.3 Limitation

As mentioned earlier, due to fewer partic-
ipants in the second week, I had fewer in-
sights to work with. Therefore, I aimed to 
dedicate most of the test to familiarising 
patients with the entire service by taking 
them through a scenario of use.

Acceptance of the blended care:

All in all, patients accepted the idea of 
blended care as it was the only thing they 
knew about their CR care path. The fact 
that they yet had not started rehabilitation 
helped with this acceptance.

Easy understandability of the Borg data:

As patients were not familiar with the Borg 
score, I had to explain it to them using a 
visualization that I had made in this re-
gard(figure X). To my surprise, patients im-
mediately connected with this score and 
easily gave examples of home activities 
that they perceived to be exerting a cer-
tain number on the scale. This was the 
opposite of my assumption in which I im-
agined that it is hard for them to associate 
the heaviness of activity with a number. 
Therefore, I was already making a feature 
in the onboarding process of the app to 
teach patients elaborately about this scale 
before they start rehabilitation. However, I 
stopped doing that because of this new 
insight.

Onboarding:

The onboarding worked relatively well. 
However, due to the few numbers of pa-
tients I could not make a concrete conclu-
sion that it works but I decided to keep it in 
the design.

Visualization of the Borg data:

The visualization was somewhat confus-
ing to some patients, which could be be-

Point of recruitment: 

As motioned at the start of this chapter, 
the point of recruitment hin-dered some 
testing process planned due to the holiday 
season and the fact that patients did not 
start rehabilitation immediately after the 
exercise Test. However, it was out of my 
control and this point of recruitment was 
the only option at hand.

Short duration of the study:

The study was overall short to make con-
crete conclusions about the feedback 
loops of the intelligent solution. However, it 
revealed some hinges of the design parts 
that could potentially work.

cause they were not familiar with it. But I 
decided to change it in a way that is more 
comprehensible.

Figure 7.16: Borg Scale

This study used the concept intro-
duced in chapter 6 and explored 
some parts of it more related to 
the patients.

As new insights were revealed the 
design also underwent changes 
which were mainly from the sys-
tem point of view as it was one of 
the goals of this iteration.

The conclusions on the insight 
from this study informed the de-
sign, which is explained in the 
next chapter elaborately.

7.4 Takeaways
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Chapter 8

FINAL DESIGN

This chapter aims to present the final concept pro-
posed for this project.
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8.1 Concept Overview
The intelligent solution was built around 
the idea of homogenizing the home and 
center care to support blended care while 
increasing the personalization level by un-
derstanding patients’ interest in CR and 
helping them engage in their rehabilitation 
exertion data(in both contexts) with reflec-
tion moments to learn about their body.

The final concept is an intelligent service 
presenting an app for the patient and a 
dashboard for the physiotherapist inte-
grated into the current ecosystem of Ba-
salt to support the notion of blended CR 
care in which some care parts are deliv-
ered at home while implementing person-

alization to help patients have a smoother 
transition to a home setting after rehabil-
itation.

It realizes this effect by having three dif-
ferent modules and utilizing the feedback 
loops incorporated in them, being Under-
stand and Adapt loops that facilitate per-
sonalization in the care. The Understand 
loop learns about the patients based on 
‘what they have’ at the start and ‘what 
they do’ during the care path and adapts 
itself to ‘what they need’ during different 
service phases following the CR care.

Figure 8.1: Proposed ecosystem for the concept

Figure 8.2 : App Overview
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8.1.1 Application

8.1.2 Dashboard

The application for the patients supports 
them firstly to make goals for CR with 
the goal-setting module and second-
ly, to reflect on their exertion levels from 
home and center to help them develop 
self-knowledge about their body with re-
gards to their goals and CR interests using 
the after-rehabilitation check-in module. 

With these two modules, it tries to learn 
about the patients by their CR interest, 
logged-in exertion data, and their annota-
tion to it in the check-in to adapt the corre-
lations and predictions about the patient. 

Moreover, it allows the physiotherapist to 
have insights into how patients follow the 
care at home by collecting the exertion 
data in the home care in which patients 
have to do training at home for some days.

The physiotherapist dashboard helps 
them with discussing the most relevant 
data from the patient, which gets detected 
by their app (by the correlations) and the 
CR interest of the patients. With this, it is 
envisioned to make use of the short con-
sultation appointment and reassure the 
patient that their performance in home 
care is being tracked. (The envisioned 
dashboard has not been developed in this 
concept)

8.2 Concept Effect
The concept is envisioned to have cer-
tain effect on the stakeholders involved 
with the aim of reaching the formulated 
design goal: Care homogeneity (at center 
& home), Personalisation, Learning about 
the body while in CR, and Effective discus-
sion. 
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Care homogeneity (at center & home):

I set out to homogenise the care delivered 
at home and center so that patients have 
the idea that what they do at home is still 
part of their rehabilitation care in order to 
support the blended care. 

How?

How?

in the days that patients have 
to rehabilitate at home, they can 
see the exercises assigned by 
the physiotherapist in Physitrack 
in their own app and can report 
their associated exertion levels 
after finishing them (figure 8.3).

As a measure to unify the care 
and present it as a whole to pa-
tients, their home page of the 
app shows their schedules for 
the day where supportive fea-
tures are also presented.

Since rehabilitation is a multi-disciplinary 
care where patients have to go through 
many phases with different stakeholders, 
it is hard for the patients to keep track of 
everything. This problem is assumed to be-
come even worse in blended care where 
the schedule of patients changes weekly 
as they have to come to the center less 
frequently as they go through the care.)

In the present care, the procedure of reha-
bilitation differs when done in the center 
and at home. When exercising at home, 
patients do not track their exertion level, 
which compromises their health outcome 
(they might be under or over training in-
stead of training enough), leaving physio-
therapists and patient with no insight and 
reflection into their performance. Moreo-
ver, patients feel like that no one is aware 
of what they do when they have to reha-
bilitate at home.

Tackled Problem

Tackled Problem

Figure 8.3: Home training with the app Figure 8.4: App home page
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Personalisation:

I wanted the concept to become person-
alised based on the behaviours of pa-
tients according to the patient profiles in-
troduced in the previous chapters, so that 
patients feel that their care is personalised 
to their needs although delivered at home 
by detecting their idiosyncrasies explained 
in the profiles. 

The type of patients entering the CR care 
pathway is different, making them have 
distinct interests in CR (what they want to 
get out of it) and goals. Therefore, the level 
of personalization is currently deemed low 
in itself. This becomes worse when blend-
ing the CR care because health profession-
als see the patients less often, and the pa-
tients themselves are worried about the 
loss of contact resulting in their needs not 
being seen and addressed consequently.

Figure 8.5: App personalisation

How? The personalization is envisioned 
to be done by the understanding 
loops of the modules to position 
the patient on the profile (ma-
trix) concerning their motivation 
and insecurity level at the start of 
the care path (‘what they have’). 
During the care path, ‘what they 
do’ regarding their exertion and 
self-reported data adjusts the 
profile of the patient and adapts 
the content of the app. The main 
home page adapts to the current 
state of the patients

Tackled Problem

126 127



Figure 8.6: Check in with the app (short term) Figure 8.7: Check in with the app (long term)

Learning about the body while in CR:

I wanted the patients to get to know their 
body and create self-knowledge by en-
gagement and reviewing their exertion re-
ported data at the center and home.

Effective discussion:

I envisioned making the most of the phys-
iotherapist’s planned consultation time by 
suggesting discussion topics that were 
pertinent to the patient’s data rather than 
having a general conversation (how it is 
now).

This problem originated from the fact that 
patients found the transition to the home 
setting after the finishing point of rehabil-
itation very sharp, leaving them with little 
clue and much insecurity about their bod-
ies. Therefore I envisioned smoothening 
the transition at the end of CR by facilitat-
ing reflection on their performance dur-
ing CR to learn about their body and start 
trusting it.

The scheduled appointment with the 
physiotherapist is a change in the care 
path that is envisioned to be in place due 
to implementing blended care. Currently, 
the home exercises are not adapted by 
the physiotherapist because they do not 
have the time for it, and if they did, they 
had no idea what to base the adaptation 
on because there were no insights. But 
in the envisioned appointment, they can 
review the performance of patients with 
exercises as well as their experience with 
it, so they can easily adapt the care based 
on what they see on the dash-board to-
gether with the patients. The assumption 
is that more personal matters can be dis-
cussed by this method.

How?

How?

The development of self-knowl-
edge is envisioned to be done 
by facilitation of reflection on the 
goal and exertion data which al-
lows the patients to take neces-
sary actions. As mentioned ear-
lier, the Borg data projecting the 
levels of the exertion of patients 
reveals much information about 
them once it is annotated with 
the right diagnosis information 
reported by the patient. This is 
designed to be done with check-
in moments after rehabilitation 
sessions in which patients review 
their performance in the rehabili-
tation.

The intelligent system is envi-
sioned to understand and learn 
about the behavior of the patient 
(using the input data) as well 
as their CR interests and goals. 
Therefore, it can detect the com-
mon behavior and irregularities 
in the performance data togeth-
er with the patient’s reflection on 
it. Accordingly, the system could 
suggest the progress, irregulari-
ties, and the correlations seen in 
the data as materials for discus-
sion on the physiotherapist dash-
board to make the short consul-
tation time effective instead of 
solely reviewing general matters.

Tackled Problem

Tackled Problem
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8.3.1 Service Phases

8.3 Blended CR as a Service
Some of the care must be provided at 
home in order to blend the CR at home 
and center. Consequently, this concept as 
a service supports that by having different 
phases following the CR care path. 

Figure 8.8 shows the CR care pathway 
and the service phases envisioned in it to 
blend the care in which patients receive 
home care more and more as they go 
through rehabilitation.

This concept supports the CR care in mul-
tiple phases as a service: Entry, Center 
care which consist of training in the center 
and the appointments with physiothera-
pists, and finally Home Care consisting of 
training at home and supporting patients 
in everyday life.

The service starts after the patients 
are referred to CR by their cardiologist, 
and are past the Pre-program stage in 
which the intake, exercise test, intensi-
ty level, and the other modules need-
ed for the patient are already assigned, 
and they are ready to do the intake by 
the physiotherapist to make goals and 
start the training sessions and the care.
 
Therefore, the service officially starts 
when patients are about to set phys-
ical goals with the physiotherapist 
in the physical intake. However, they 
could already download the app and 
get the patient-specific code from the 
CR center in the intake Consultation 
sub-stage with either the physician as-
sistant or the cardiologist. 

The main interaction with the app in 
the phase before the Entry is the on-
boarding & seeing their medical data, 
such as the results of their Exercise 
test and intensity level.

Figure 8.8 : Service phases following the CR care path

Entry
In this phase, the initial profile of the 
patients is understood by the concept 
and is corrected by the opinion of the 
physiotherapist in the intake session.

After the Entry, in this phase, patients 
start their rehabilitation training at the 
center, in the same way they do cur-
rently (in the status quo), consisting of 
going to the center, doing exercises, re-
porting Borg scores, and logging them 
in their special bracelets in the center. 

The only difference the concept makes 
in the workflow in this phase is that the 
patient’s data will be transmitted to 
their app automatically, meaning that 
they do not have to do anything. After 
that, they do a check-in after rehabilita-
tion to review their performance data 
and reflect on it. 

However, no interaction with the app 
has been envisioned when the patient 
is at the center and training. The rea-
son for that is that (based on obser-
vation in CR training) the social con-
tact and group situation in the training 
sessions in the CR center is assumed 
to be a big part of social support and 
they are really present in the sessions. 
Therefore, making an interaction point 
with the intervention in that sub-stage 
is risky and compromises the experi-
ence of patients, and it was never the 
intention to make them busy with the 
app during CR center sessions.

Training at the Center:
Center Care

In this phase, patients come to the 
center to have their appointment with 
a physiotherapist, which was part of 
the vision for blended care to have of-
ficial supporting moments from the 
physiotherapist. In this appointment, 

Physiotherapist Appointment:
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This phase comprises all the moments 
in which the patient is enrolled in CR but 
is not rehabilitating (at home or center). 
Therefore, it covers the daily life of the 
patients and is meant to provide them 
with personalized insights regarding 
their condition, progress, performance, 
and goals, while using the input from 
the goal-setting and after rehabilitation 
check-ins to make the personalisation.

the most relevant data from the pa-
tients based on predictions and corre-
lations elicited from the after-rehabilita-
tion check-in moments where patients 
reflected on their performance data is 
suggested to be discussed.

In this phase, the patient and physio-
therapist also evaluate the goals to-
gether. 

In the current care, there are certain 
appointments with the physiother-
apist through the Program stage (At 
the start/intake, in the middle, and the 
end), in which the patients reflect on 
their goals and evaluate them. How-
ever, in the envisioned blended care in 
which the home CR training begins to 
increase weekly, these appointments 
are envisioned to become more fre-
quent with more materials to cover in-
stead of only the goals and how things 
are going generally. 

Thus, the physiotherapist’s dashboard 
is used in these appointments with 
the relevant data coming from the 
patient’s app concerning the care at 
home.

vironment. The patients should com-
plete a brief check-in as well, much like 
in the center’s care, to facilitate draw-
ing conclusions from their data.

On the days that rehabilitation is 
scheduled to be done at home, the 
Physitrack website is used (as currently 
in the status quo) to do the exercises. 
Patients should log the level of exertion 
they put into their exercises into their 
app, much like they do in the center, in 
an effort to homogenise care between 
the home and health center and to 
also to gain insights into the home en-

Training at Home:

Everyday Life:

Home Care

8.4 User Storyboard
The concept modules (briefly introduced 
in previous chapters and elaborately ex-
plained later in this chapter) operating in 
the service phases are meant to imple-
ment the concept effects earlier intro-
duced on the stakeholders. In order to get 
a grasp of the whole picture of this service 
in the CR care path, I made the following 
user storyboard in which a hypothetical pa-
tient undergoes the CR service from start 
to finish. Note that this storyboard does 
not cover the intelligence of the system in 
which understanding and adaptation oc-
cur to personalize the care, but shows the 
overall journey of any patient.

Entry

The patient is referred to CR and goes to Basalt center 
to do the intake with the cardiologist. There, the cardiol-
ogist gives them a leaflet containing information about 
the service and their care with a patient-specific code for 
registration.

Patients get the code, download the app, and register be-
fore the start of their rehabilitation. After registration, they 
do the onboarding on the app by answering a few ques-
tions so that the app shapes an initial understanding of 
the patient.

Before starting 
the training, the 
patient can see 
their data, re-
sults from their 
tests, as well as 
their schedule 
and care plan.

Patients use the app to make some preliminary goals to 
discuss in the intake, which corresponds to their interest 
in CR detected by the app. This way they are invited to 
participate in the care they want to receive.

Before the in-
take with the 
physiotherapist, 
they receive a 
reminder about 
their schedule 
and a sugges-
tion to make 
goals before go-
ing to the intake.

(a)

(b)

(d)

(c)

Figure 8.9 : User story board (entry)
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Center Care Home Care

Training at Center Training at Home

Appointment

Everyday Life

Patient needs to start rehabilitation, so 
they go to the center for the first time to 
train. They train, log their RPE using the 
Borg score via their bracelet, and come 
home when it is finished.

When at home, at a time convenient for 
them they receive a notification saying 
something about their rehabilitation that 
day and inviting them to do a brief check-
in to review their data.

On the days that the patient trains 
at home, they need to use the Phys-
itrack website and their app to do 
the exercises after which they need 
to log their Borg scores to bring in-
sights into their performance.

On the days that the patient trains 
at home, they need to use the Phys-
itrack website and their app to do 
the exercises after which they need 
to log their Borg scores to bring in-
sights into their performance.

On the days that the patient trains at 
home, they need to use the Physitrack 
website and their app to do the exercis-
es after which they need to log their Borg 
scores to bring insights into their perfor-
mance.

After finished, they again do the check-in 
to review their data and take necessary 
actions.

(e)

(f)

(g)

(h)

Figure 8.11 : User story board (training at home)Figure 8.10 : User story board (training at center)
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8.5 Concept Modules
As explained earlier, the modules built in 
the concept are meant to implement the 
effects explained earlier, where each has 
its own Understand and Adapt loops. As 
argued in chapter 6, the final loops for the 
system with the relevant data points were 
devised as shown in figure 8.12 (as a recap 
in this chapter).

Figure 8.12 : Module feedback loops

8.5.1 Module 1 : Goal-setting
This module occurs at the start of the CR 
care path (Entry phase of the service) in 
which patients have to make goals for 
their rehabilitation and are about to start 
the CR training.

During this phase, patients use their app 
to complete the onboarding process first, 
allowing the system to learn their profile 
and make changes for them to set their 
goals. They had obtained the patient-spe-
cific code for this app during the initial in-
take with the cardiologist.

The goal-setting (type of goal) is envi-
sioned to be done rather differently for the 
distinct profiles, but generally, it revolves 
around setting activities that they want to 
be able to do by undergoing rehabilitation 
and rating them using the Borg score re-
garding how hard they find it. The idea is 
that periodically they have to reflect on the 
goals by rating them again to observe that 
the numbers are lowering as they are get-
ting stronger as motivation to keep them 
going.

The most important data points identified 
from the research for this module were 
the referral method, complaints, and the 
CR interest, which need to be reported by 
the patients themselves. 

These questions in the onboarding pro-
cess position the patient somewhere on 
the profile. For example, when patients 
report that they asked their doctor them-
selves to be referred to CR, the system po-
sitions them firstly somewhere on the top 
of the matrix. The second question asking 
about the complaints positions the pa-
tients on the horizontal axis, shaping their 
initial profile, which is corrected by the ad-

justment of CR interests predicted by the 
system.

In the onboarding process other data 
points such as age, condition, gender, etc. 
are integrated to conduct the prediction 
as well. However, here they are not men-
tioned because they would be transferred 
from the patients’ medical data.
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(a) (b) (c)

Figure 8.14: CR interests of different profiles

(d) (e) (f)
Figure 8.13: Onboarding

Figure 8.15: Goal-setting (green profile)
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8.5.2 Module 2 : Check-in

8.5.3 Module 3 : Everyday Life

This module occurs when the patient has 
finished rehabilitation, either at the center 
or at home, by answering some check-in 
questions. It aims to provide overviews of 
the exertion data of the patients during 
rehabilitation to help them do short and 
long-term reflection and take necessary 
actions (figure 8.16).

If they are training at the center, they re-
ceive a notification to do a brief check-in to 
diagnose their exertion data and annotate 
it by answering a set of questions that 
the system has adapted based on under-
standing their exertion zones (under, over, 
and enough exertion). For example, if they 
have overtrained, they would be asked 
about their exhaustion and lack of ener-
gy, and if they have undertrained, whether 
that is because of insecurity.

The data points used in this module are 
the training zone of the patient and the 
results of their previous check-ins, which 
allows the system to adapt the next 
check-in questions. The questions them-
selves follow the data analytics introduced 
in chapter three, consisting of descriptive 
(what happened), diagnostics (why did 
it happen), predictive (what will happen), 
and prescriptive (make it happen) analyt-
ics. Meaning that the check-in starts with 
the visualization and showing the Borg 
data(descriptive), then it tries to diagnose 
to help patients know why they did what 
they did(diagnostic), and it continues with 
predicting what might happen based on 
previous correlations(predictive), and help 
the patient take necessary actions(pre-
scriptive).

This module follows the framework of 
personal informatics in which the prepa-

This module uses the input from the first 
two modules and provides patients with 
insights, and advice related to their inter-
ests and according to their engagement.

This module is meant to help patients 
transition to home care and build trust 
in their bodies by seeing their progress 
or the personalized content and insights. 
This module is meant to use the output 
of the first two modules (their position on 
the motivation and the insecurity level) to 
make personalized content.

ration and collection are already done (at 
the center or at home). The integration 
step, which prepares the data from differ-
ent sources and contexts together (in this 
case, the exertion data from the home and 
center care), is followed by preparing it for 
the patient to reflect upon. The facilitation 
is achieved by making inferences based 
on their data and also their CR interests.

The results of this module could potential-
ly adapt the profile of the patient on the 
matrix.

8.6 Service Blueprint
In order to generate an overview of the 
underlying system supporting the story-
board, I created a service blueprint to vis-
ualize the relationships between different 
service components. The blueprint can be 
found in figure 8.17 in which the interac-
tion of the core elements of the service is 
demonstrated. To provide an overview of 
the aforementioned information, the ser-
vice phases and the user storyboard are 
presented in the blueprint as well as the 
flows of the different modules highlighted 
with their associated colors.

Patient’s actions describe the things that 
a hypothetical patient has to do as they 
undergo the service in the CR care path. 

Line of Interaction classifies the interac-
tions in the system that are visible to the 
patient and with which they interact. In 
this section the interactions of the patient 
with the cardiologist, physiotherapist, and 
the patient’s application are evident. 

The Line of Visibility separates the inter-
action and activities that occur behind 
the scenes (invisible to the patient) on the 
system level. This section shows the deci-
sions that the feedback loops of the mod-
ule take in order to not only understand 
the patient but also to make their own 
capabilities better by learning about their 
mistakes.

Finally, the Line of Internal Interactions 
separates the activities that rely on other 
sources and are external, but the system 
relies on them.
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Figure 8.16: Example for the content of the check-in module
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Figure 8.17: Blueprint
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Chapter 9

DISCUSSION

This chapter aims to wrap up the project with a general discussion, arguing 
how the design answers the design goal. The chapter concludes by present-

ing limitations, recommendation, and finally, reflection.
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9.1 General Discussion

9.2 Addressing Design Goal

9.3 Recommendation 
and limitation

The proposed design aims to support 
blended CR care for the patient and phys-
iotherapist by homogenizing the care in 
the center and home context while cen-
tralizing the patients by making them ac-
tive and responsible for their care. Moreo-
ver, it personalizes the CR care path, not in 
terms of exercises or changes in the work-
flow, but in a way that makes sense to the 
patient following their CR interests. 

This way of personalization might not ap-
ply to all health domains, but I argue that 
it works in the cardiac rehabilitation care 
pathway because it is such subjective 
care.

It is interesting that the care is the same 
for everyone (they do exercises) but the 
way different people approach and see CR 
makes the difference for them. According 
to my study, patients tend to reflect on 
their exercises and activities based on their 
interest in CR and what they wish to get 
out of them. These differences cannot be 
ignored in CR because although the care 
seems objective, the care path is gener-
ally very subjective, which is evident by its 
goal. After all, it envisions helping patients 
learn about their bodies, how to manage 
their energy, and see the benefits of the 
care. 

The proposed solution was specifically 
made for the ecosystem of Basalt, which 
is the only rehabilitation center that I found 
to have already tried to implement blend-
ed care. Therefore, I foresee many centers 
wanting to do this but lacking the knowl-
edge about their system and the needs of 
their patients. 

The part of this concept that is envisioned 
to support blended care is a generaliza-
ble part for any CR care path because, to 

The design goal made for this project was 
to help patients perceive the homogene-
ity of the care at home and center while 
being personalized to help them be more 
active and engaged in their care. This was 
envisioned to help them have a smoother 
transition to the third phase of CR from the 
second phase.

How does it support blended care?

The proposed concept supports blended 
care by providing a means for the patient 
to rehabilitate at home and center while 
having an overview of all the care path 
and their performance in it, which cen-
tralizes them in the care by making them 
more active and giving them responsibility 
for their own body gradually at home.

One limitation of this project was not being 
able to run the DED exploration explained 
in chapter 7. I see that as a big addition to 
this project since fewer conclusions were 
able to make regarding the second mod-
ule because it could not be tested in real 
life but was made based on the insights 
from the research and the general opin-
ion of the stakeholders. Therefore, I foresee 
many insights coming from a test in which 
patients are recruited from the start of 
the care path(like I did) and continue with 
them for the 6-8 weeks of rehabilitation. I 
think the insights would be marvelous in 
that case that might (partially) reject or 
validate my conclusions in this project.

Another recommendation is to check the 
perceptions of the patients regarding their 
needs and their actual needs from the 

The concept allows the physiotherapist to 
have an effective conversation with pa-
tients during the consultation moments 
in order to adapt their care because the 
irregularities and their preferences are al-
ready detected by the design, facilitating 
the diagnosis and the conversation. 

How is it personalized?

The concept understands the level of mo-
tivation and the exertion tendency of the 
patients s at the start of CR. And during CR, 
it learns about their behavior by their lev-
els of exertion and associated annotations 
helping patients give meaning to their 
behavior and performance by providing 
reflection moments and opportunities to 
make goals relevant to their interest in CR.

my knowledge, all rehabilitation centers 
(at least in the Netherlands) use the Borg 
score and find it an effective way of know-
ing how the patient is doing. Therefore, 
regardless of the differences seen in the 
CR care pathways in different centers, I be-
lieve that this part of the concept can be 
used by any rehabilitation center.

In this project, I set out to explore the two 
feedback loops of an intelligent system to 
understand the user and adapt to them. 
However, as I worked towards the imple-
mentation of such a system as explained 
in chapter 7, I realized that it is ambitious 
to want to address both and have con-
crete conclusions at the end of a gradua-
tion project. The way I saw it, I could either 
propose some adaptation regarding what 
to return and give back to users or explore 
the learning and understanding capability 
of the system. It seems that these two are 
dependent on each other, meaning that 
there should be some conclusion about 
the learning capability of the system to 
know what sorts of adaptations could take 
place. Otherwise, it would be similar to pro-
posing concepts without knowing the in-
frastructure or how the system works, hin-
dering their implementation. Therefore, as I 
was creating the dataset with the patient, 
I started with the first loop and explored 
to see how the personalizations could be 
captured and had little time to test the ad-
aptations the way I tested the first one be-
cause of the timeframe of the project.

I faked the operation of AI to classify the 
patient profiles to make the basis for care 
adaptation to see whether it has any value. 
Although the sample size of the patients 
I worked with was small, I could see that 
there were already correlations between 
different data points. For example, three of 
my participants were diagnosed with car-

diac arrhythmia, and all of them had com-
plaints of not having energy throughout 
the day. Therefore, if this dataset gets big-
ger and bigger, there could be more levels 
of personalization for patients, which is of 
course hard in this case because we are 
dealing with subjective data instead of ob-
jectives.
In conclusion, I see this concept as a com-
panion for patients starting rehabilitation 
to support them throughout the care path 
and approach them when needed. This 
means that patients might only need to 
check in after rehabilitation when there are 
some irregularities in their data and the 
system can not understand why. There-
fore, it was never the intention to make 
a design to engage patients all the time, 
but I envision it to approach them when 
needed. This means that a perfect patient 
might only use the design to check their 
schedule, and that is OK as well.
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medical point of view. The physiotherapist 
involved in this project shared that they 
had once a patient with low motivation 
and insecurity levels (patients positioned 
in the bottom left part of the patient pro-
file not thinking that they do need CR and 
are doing fine themselves), but they found 
out that the patient’s test results were so 
much lower than normal. This proposes a 
friction in the system, and I wonder how it 
could be therefore I recommend exploring 
it.

9.4 Reflection
The intangibility of services and intelli-

gence of the system:

This project was my first experience de-
signing things counting more as intan-
gible. Coming from a hardcore industrial 
design background in my bachelor’s and 
then being a student in the Integrated 
Product Design program here in Delft left 
me little room to mess around with intan-
gible things such as a service or a system. 
Therefore, I encountered the complexity of 
designing services in this project in which 
the topic was so much integrated into the 
healthcare system. Service is intangible in 
itself and hard to communicate but it gets 
even harder when you add intelligence 
into the system with multiple feedback 
loops for the stakeholders involved. I found 
this quite hard and it took me a while to 
find a way to communicate and show it. I 
think we lack tools and knowledge in this 
regard in the curriculum in the university 
which is unfortunate because it is a need-
ed skill for a designer.

Data-enabled design:

This project was initiated by the data-en-
abled design department of Philips, and I 
took the project on because of my interest 

in data and its inclusion in the design pro-
cess and concept. Throughout the project, 
I tried to incorporate data-related prac-
tices in the design process as it was one 
of my learning objectives. However, I was 
not able to collect data from the users be-
cause of unexpected events which were 
unfortunate. But I had a great experience 
learning about the theory and the experi-
ence of my mentor.

Ill-defined state:

The project started with no clear set-up 
which took a lot of time and energy and 
put a lot of pressure on me feeling like I 
had to arrange most things. In this case, I 
was the case that I would be so happy to 
get an interview with a stakeholder much 
less do data-centered activities with them. 
In this regard, I was amazed by the open 
attitude of health professionals to doing 
interviews and giving me tour visits.

Sense of agency:

Throughout the project, I felt a great sense 
of agency which could be either good or 
bad. Sometimes, I was happy about it be-
cause it gave me the freedom to do as my 
intuition says, and sometimes not so hap-
py because it was too open.

Working iterative and agile:

This was my first experience doing itera-
tive design and I generally found it great 
because it facilitated the project in terms 
of making concepts and generating knowl-
edge. However, it brought some challeng-
es as well. Sometimes it got very messy 
and chaotic, especially for writing. In this 
process, I learned the importance of set-
ting goals for iterations and narrowing its 
focus and making conclusions at the end.

Target group:

Throughout the project, I really struggled 

with getting participants because no initial 
set-up for the project. Moreover, due to the 
inaccessibility of my target group it only 
had to be done through health profession-
als. In the end, I got in contact with the par-
ticipants, through my own doctor who was 
back then treating my broken finger at the 
hospital. I was amazed how very personal 
connections could help in this regard.

Staying true to research questions:

Throughout the project, I realized that 
sometimes I lose my way in the myriad of 
insights where everything seems very in-
teresting. However, I realized that I should 
take my research questions as my map to 
find the way, otherwise a lot of time and 
resources are wasted and I feel confused.

Explorative and Educative:

I am super happy that I approached my 
master’s project very explorative and edu-
cative. I learned many things that I did not 
use in my project, and I did activities that I 
did not include in my thesis. I saw it as my 
last learning opportunity in my master’s 
program and I am happy with my decision.

Focus on user experience:

Focusing on the users was one of my 
learning objectives in this project, as I had 
never before focused on them. I am now 
happy to see that I did a lot regarding user 
research and have definitely reached what 
I was aiming for.
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The Sample

Thematic (manual) analysis

To prevent any bias in the training data, I decid-
ed to take a sample (n=112) from the population 
of the stories (N=461) using the Proportionate 
Stratified Sampling method based on the car-
diac condition and the origin website.

In order to make the training data for the ma-
chine to learn from in the computational anal-
ysis (next step), I manually analyzed a sample 
of the stories (this step) thematically and iden-
tified recurring themes.

Procedure
To manage the themes and codes in the sto-
ries, I used Delve website, which is a software 
to analyze qualitative data (Delvetool, 2022). 
Therefore, it was easier to manage the identi-
fied codes and sub-codes. Figure 0.3 shows an 
impression of the website and the workflow.

This tool automatically divides the text into 
sentences based on the full stop(.) after each 
sentence. Thus, I used multiplications of sen-
tences to give a single code or sub-code, ie. 
assigning a code to either one or two sentenc-
es instead of 1.5 sentences. The reason for this 
was to make a single unit for identifying sen-
tences so that I can further use for the tokeni-
sation process in the computational step to 
analyse the rest of the stories.   

Findings
Finally, a total number of 56 codes and sub-
codes were identified in the sample of the sto-
ries, which are illustrated in figure 0.4, together 
with the corresponding number of frequen-
cies. The sub-code with the most frequency is 
about Describing Cardiac Rehabilitation (n=97), 
and Independance with the least frequency 
(n=6).

To understand the recovery of patients, I made 
a sequence for the codes and sub-codes to 
make a complete journey, which is evident in 

Code/sub-code Frequency
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Procedure

Data Acquisition: 

Text Cleaning:

Computational Analysis

As stated above, I used topic classification to 
analyze the remaining 349 stories. Therefore, I 
followed a general NLP pipeline (figure 0.6) con-
sisting of the following steps: 

Data acquisition, Text cleaning, Pre-processing, 
Feature engineering, Modeling, Evaluation, De-
ployment, Monitoring, and model updating (Mo-
rioh, 2022).

The first step consists of collecting the da-
taset to work with, which I had already done 
prior to the manual analysis.

This step consists of removing parts of the 
text that do not have much meaning, thus 
not helping the machine learn from them. 
Due to the highly unstructured nature of 
text data(compared to other data types), I 
applied multiple data-cleaning steps: 

Removing stopwords: These are repetitive 
words such as I, that, the, a, etc.

Making lowercase: To remove any distinc-
tion between the same words with differ-
ent capitalization because the machine 
considers them as two distinct words, such 
as “Heart” and “heart”.

Removing numbers: Numbers are also 
considered as excess data.

Removing punctuation: In this analysis, the 
punctuation also carries little meaning. Be-
fore removing the punctuations, I split all 
the stories based on the full stop(.) to to-
kenize them according to the tokenization 
in the manual step. After that, I removed all 
the punctuations.

I chose the cleaning processes based on 
what I assessed to be helpful for this anal-
ysis specifically, and it was a repetitive pro-
cess of cleaning and visualizing using word-
clouds to see excess words or characters.

To analyze the rest of the stories, I used the 
codes and sub-codes from the previous step 
to train the machine to classify the rest of the 
stories. 

In order to do this, I used Natural Language 
Processing(NLP) which is a branch of artificial 
intelligence that enables computers to under-
stand text data (IBM-NLP, 2021). It has multiple 
methods, including supervised methods need-
ing labeled data(text) such as topic classifica-
tion and sentiment analysis, and unsupervised 
methods such as topic modelling. 

I chose to do topic classification, which requires 
labeled data (the outcomes of the previous 
step) to be able to classify the other stories. 
The reason for choosing this method was the 
suitabilty of the outcomes of this method with 
the desired outomce I wanted have from this 
activity. That is classifying the rest of the sto-
ries based on the themes I had found during 
manual analysis, in contrast to other methods 
such as topic modelling, which cluster similar 
stories or sentences together.

Pre-processing & Feature Engineering:

Removing short sentences: I deliberately 
removed sentences having 5 words or less 
to reduce the number of data.

This step consists of making the data ready 
to be analyzed. It includes turning the text 
data into numerical representation so that 
the computer can understand it. There are 
two methods to do it, both of which I tried:

CountVectorization: Counts the number 
of occurrences of each word in each doc-
ument and returns a matrix with the col-
umns being unique words in all documents 
and rows the frequencies of words.

TF-IDF: Stands for term frequency-inverse 
document frequency and returns a num-
ber from 0 - 1 to score the most unique 
words in each document in relation to all 
the documents.

The former can be used to teach the ma-
chine based on the most recurrent words 
and the latter based on the most unique 
ones.

The following figure shows an example 
of the cleaned data, ready to be pre-pro-
cessed:
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(C) 
-Patients’ Recovery Periods-

While reading about the experience of pa-
tients, I identified three main phases in the 
recovery of cardiac patients being the fol-
lowing:

1- Towards the New Normal.
2- Transition to the New Normal.
3- Experiencing the New Normal.

The names were inspired by the quotes 
of patients in which they implied that their 
recovery process was a journey to get to 
know their new self in the  new normal.

1- Towards the New Normal:

Right after being discharged from the hos-
pital and coming home, cardiac patients 
experience some often temporary disabil-
ities and limitations. This coupled with the 
fear of episode recurrence and overpro-
tection by others makes them not exert 
themselves. 

The insecurities felt in this phase are as-
sumably due to their capabilities being un-
known to them.

It starts from the first time they are home 
and have to deal with their condition un-
til the realization of how the new normal 
might be for them.

2- Transition to the New Normal:

After accepting the event and the current 
situation and hopefully knowing the causes 
of the event, patients start working towards 
improving their condition via methods such 
as cardiac rehabilitation. 

This phase is about regaining confidence by 
learning about the patients’ capacity and 
capabilities which is ideally accomplished 
in cardiac rehabilitation.

3- Experiencing the New Normal.

This phase starts after cardiac rehabilita-
tion graduation, where the remnants of the 
condition stay with them, such as life-long 
disabilities, which has different meaning for 
different patients.

Here they experience what their new nor-
mal is, which is shaped by the consequenc-
es of their condition.
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(D) 
-CR Experience Journey-

181180



Patient Experience
The CR journey consists of the experience 
of patients from starting the care until the 
finishing part of the second phase of CR 
in the rehabilitation center. The user study 
that resulted in this patient journey is com-
prised of multiple key moments shown in 
figure 

(1) Referral: 

The patient is either referred or not re-
ferred to a CR center by their doctor.

(2) Assessment:

Patients are assessed by the health 
professionals to obtain a baseline as-
sessment of their condition. 

As mentioned earlier, Referral is already 
a big problem in the patient experience 
and is the first point of frustration from 
the perspective of the patients. “Long 
CR waiting lists” and even simply “not 
being referred to CR” were deemed as 
barriers.

The main points of barriers and facili-
tators at this moment are regarding 
the realization of (un)suitability of the 
CR Program and activities to the con-
dition of the patient after assessment. 
The communication method of the 
assessment to the patient is deemed 
problematic as well because of the ob-
jectivity of the evaluation.

(3) Goals: 

Patients set goals to achieve within a 
timeframe in CR with a health profes-
sional.

(5) CR Program: 

Patients receive a care plan to carry 
out within a timeframe.

(4) CR Start: 

Patients start with the CR for the first 
time (first session).

The goals are generally considered 
a facilitator in the CR process by the 
patients since it gives a sense of ac-
complishment that comes with re-
wards (progress). Besides, the goals are 
closely associated with the patient’s 
own limits, so it helps them realize the 
boundaries of their capabilities.

Most of the negative aspects of this 
moment are associated with the un-
suitability and inadapta-bility of the 
care plan to the needs and conditions 
of the patients. In this regard, the vari-
ety of ex-ercises to choose from was 
considered a facilitator, probably be-
cause the patients can choose the 
one fitting them the best.

This moment is associated with much 
supervision from the health profes-
sionals while patients execute the CR 
program. The reason could be both 
from the patients and the health pro-
fessional side. With the patients being 
scared to push themselves because of 
their insecurities and the health profes-
sionals not yet knowing the capabilities 
of the patients, the supervision here is 
at the highest level

(6) Supervision:

Patients are fully/partially supervised 
while doing the activities in the CR pro-
gram.

This moment was mentioned consid-
erably by the patients. The monitoring 
and supervision provided by the health 
professional during CR are closely 
linked to the sense of confidence and 
reassurance of the patients. The rea-
son behind this feeling could be the in-
securities and the unknown nature of 
the condition to the patient.

(7) Progress:

Patients reach the goals set through-
out the program and progress with 
their condition.

The progress realization moment is 
the rewarding part of the patient ex-
perience throughout the CR journey, 
and patients would like to intensify it 
by celebrating and sharing them with 
their loved ones. However, the progress 
made during CR seems to be slow and 
invisible, making it a frustrat-ing expe-
rience at the same time. This could be 
due to the short duration of CR or be-
cause the progress is intangible to the 
patient.

(8) CR End:

Patients finish the CR program after 
6-8 weeks of training.

This is a big moment in the CR expe-
rience. The finishing part means leav-
ing the safety net of being supervised 
by health professionals and not having 
the responsibility of dealing with the 
condition themselves. After the finish-
ing point, most patients lack the guid-
ance and supervision provided during 
CR and search for similar options and 
that limits their activities post-rehab. 
They become scared of being on their 
own and having to deal with the un-
certainties alone
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(E) 
-Contextual Factors-

Chapter 4:
Contextual factors influencing the CR care at home limiting 

the recovery of patients
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Motivation and goals:

In the patient stories, there was a clear 
distinction between the very goals-ori-
ented people towards rehabilitation 
and others. These patients showed a 
positive attitude towards CR, meaning 
that they did not see rehabilitation as a 
set of exercises or a definite program 
but primarily as a means to achieve 
their highly personalized goals. 

This perspective demonstrates how 
they see and perceive CR, which posi-
tively influences their recovery and ad-
herence to CR care because they make 
their rehabilitation only part of the big-
ger picture of recovery by making goals. 
As a result, patients’ goal-orientedness 
influences their commitment to and 
adherence to CR care with the hope of 
achieving their goals.

Despite the fact that the majority of 
patients were notable in this regard, 
it should be noted that this may have 
been biased, since typically, the more 
optimistic or active patients are the 
ones that participate in online forums, 
research, and experience sharing.

Patients

So anyway, when my doctor 

suggested doing rehabilitation, 

I enjoyed the idea of cardiac 

rehab because it had personal 

goals set up, and you graduate 

from the program at the end. 

Continually setting goals for 

myself has been really impor-

tant in my recovery. I started 

with small attainable goals and 

went from there. 

SMART goals were to become 

an important part of the recov-

ery plan throughout the year 

more than I realized at this 

stage, but it was by using this 

ideal that I have kept challeng-

ing myself to make continued 

improvements. 

[Patient with heart attack]

[Patient with heart attack]

[Patient with heart disease]

Health Professionals (non-patient-cen-

tered):

In the patient stories, there were many 
quotes concerning the fact that pa-
tients did not feel like being addressed 
as human beings. Thus, they felt de-
motivated and not understood by the 
health professionals, which was a hin-
drance for them.

Health Professionals (objective goals):

Part of this non-patient-centered way 
of dealing with patients was the ob-
jective goal-making process of health 
professionals for patients. They tend to 
set objective and clinical goals for the 
patients because they can relate to 
and understand them better. This is as 
opposed to the last mentioned point 
about the motivation and goals of pa-
tients, which argued that they have 
very personal and subjective goals, 
which makes them feel that they can-
not relate to the objective goals estab-
lished by the health professionals.

Constant supervision:

The constant supervision of the health 
professionals made the patients quite 
happy and satisfied temporarily for the 
duration of the CR care path, but it im-
paired their sense of self-efficacy at 
the end of the program. This might be 
one of the reasons for finding the tran-
sition from phase two to three difficult 
for patients.

CR Center

I was sad to leave my safe net 

of workouts when this rehab 

was over. 

When the doctor was about 

to prescribe me my medicine, 

he asked the nurse what’s the 

weight? Because he wanted 

to know my weight to deter-

mine the dosage. But it was like 

what’s the weight of this body, 

not this patient or this person. 

What he said stuck with me for 

a while actually. 

My heart rate was 59, blood 

pressure 15396, weight 982 kg, 

height 177cm, BMI 3134, and 

waist 107cm. The Cardiac Pre-

vention and Rehabilitation 

Team set long-term targets 

against these measurements 

for me to reach: blood pressure 

of 14090, weight of 58783kg, BMI 

18525, and waist 94cm.

[Patient with heart failure]

[Patient with heart failure]

[Patient with heart attack]
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Tests & scores in CR:

There are several tests and scores that 
provide data in the CR care pathway, 
as was discussed in the previous chap-
ter. The patients, however, often find 
this information confusing and hard to 
relate to.

On the other hand, when it becomes 
subjective, patients may relate to it, 
which is expected based on the results 
of the previous chapter.

In a repeat of the shuttle walk 

test, I achieved a score of 530 

I hope this is an improvement 

on the 440 at my initial assess-

ment but I was certainly feel-

ing better and far more confi-

dent in myself.

I scored 280 meters at 60 on 

the max oxygen uptake test. 

I’m not too sure what this ac-

tually means but know I had 

to concede defeat once the 

beeps became too rapid and I 

could not continue. The nurses teach me about 

my heart rate. They tell me that 

I should be aiming for my HR to 

stay below a certain number, 

and I’ve learned to recognize 

the connections between my 

HR and my level of exertion. 

I was advised to exercise at a 

heart rate of between 100, 120 

bpm this is worked out using 

the following calculation 220 

max heart rate minus your age 

minus your resting heart rate 

and minus 30 if you are on beta 

blockers this gives you your 

HRR heart rate reserve. To get 

my training heart rate in the 

zone to exercise, I then, need to 

work out 40 and 70 of my HHR 

and add the resting heart rate. 

This is all a fairly complicated 

way of determining the level 

of exertion, and it is far easier 

to use the RPE (BORG)scale to 

monitor the exercise intensity 

because I can tell it myself. 

[Patient with heart attack]

[Patient with cardiac arrest]

[Patient with heart attack]

[Patient with heart attack]

Because in our culture we al-

ways as soon as somebody is 

struggling we try to help them 

if they can’t drink... So I try to 

feed him[my husband], and 

they[doctors] said don’t treat 

him like a child, let him do it.

Well, personally, I think it’s more 

difficult for the partner really 

because it’s frightening, isn’t it? 

Of course, I was anxious as well 

when I got home, because it 

was all down to her then, which 

was worrying, and she wouldn’t 

let me do a thing which was 

frustrating. But everyone kept 

saying no to me, no you can’t 

eat that, no you can’t do that.

[Patient with heart attack]

[Patient with heart attack]

Progress:

According to the patients, their pro-
gress in CR is very slow and intangible, 
which could be either because of set-
ting unattainable goals or not training 
enough in the rehabilitation training. In 
any case, they tend to realize their pro-
gress by reflecting on where they were 
before starting CR and where they are 
now (probably after finishing CR).

Effect of culture:

Different cultures have different per-
spectives on treating with patients. 
Some cultures(especially in the east) 
necessitate caregivers and families 
to help the incapable patients and do 
everything for them out of love and 
support. However, this is in contrast to 
making cardiac patients capable in real 
life, which is the vision of CR because 
someone else is doing everything for 
them. 

Over-protection of family:

Often when people experience a car-
diac event, they do not remember that 
much about it. However, their families, 
being the ones usually there when it 
happens, undergo a traumatic experi-
ence which results in over-protective 
behavior in the recovery period of pa-
tients. This inhibits the progress of the 
patients because their families are 
scared for them and do not allow them 
do that much at home.

Home

It’s just that after time when 

you look back, you realize you 

have improved. It’s not as de-

bilitating as before. I was, you 

know, really breathless really 

clammy, and any exertion was 

just too much. 

[Patient with atrial fibrillation]
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(F) 
-Iteration 1-

Ideas generated from iteration 1:
This iteration was quite early in the project, which started with a 
list of assumptions based on the key moments of patients’ expe-
riences in the CR care path. Then different possibilities were ex-
plored in terms of concepts to answer the identified problems at 
that stage, which revealed different design directions and helped 
with choosing which ones (not) to take according the project 

scope and the envisioned impact.

Assumptions Exploring Possibilities
The list of the main assumptions that informed 
the ideation process is as follows:

In the ideation process, I attempted to inte-
grate the assumptions formulated earlier to 
form different concepts. This process resulted 
in 6 concept videos in which the core concepts 
were implemented using low-fi prototyping. 
The following figures show screenshots of 
each concept with the description.

Due to the quick iteration at the early stages 
of the project, the ideation in this iteration was 
quite free, with not many concrete insights to 
start. Thus, although each concept had the as-
sumptions at its core, the proposed solutions 
differed considerably.

Assessment: 
a. It seems that assessing the patients at 
the start of CR is first based on their disabil-
ities and then their heart capacity.
b. The assessment scores are not under-
standable and relatable to patients. 

Goals:
a. Goals are highly personalized.
b. Goals are integrated into the care path-
way and also the care received by the 
patient (changing the care based on the 
goals).

CR care plan:
a. The program is personalized based on 
the assessment (disability and heart ca-
pacity).
b. Patients have a voice in the CR care they 
receive (mainly because of the goals).
c. Patients do not know “what too much 
exertion” is for them.
d. Patients cannot relate the tests and 
scores received during CR to their home 
and daily life.

Supervision:
a. Patients are highly supervised during the 
CR program.
b. Patients seek to be supervised by health 
professionals during CR to eliminate the 
uncertainties and dangers.
c. The feeling of safety for patients is gen-
erated through constant supervision at the 
center.

Progress:
a. Progress in CR is very slow. Therefore it is 
not tangible.
b. Most progress is evident to patients at 
the end of the program in retrospect via 
reflection.

End of program:
a. The end of the program comes with 
many uncertainties because patients feel 
they are leaving their safety net.
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Personalizing care based on the 
disability profile

Providing supervision and safety 
at home

Concept 1: Concept 2:

Making CR score meaningful by 
bringing relevancy

Coaching patients to learn about their 
exertion levels of home activities

This concept is about bringing relevancy and 
meaning to the scores, which in this case is 
the exertion level of different activities at the 
CR center and home.
Firstly, patients are provided with a blank sheet 
of Rate of Perceived Exertion in which they can 
log in their latest activities and exertion levels. 
Secondly, they do the same for home activi-
ties. The idea is that making this subjective 
comparison can provide patients with similar-
ities allowing them to relate the care they re-
ceive during CR to home activities.

This concept is about helping and coaching 
patients to learn how much they exert them-
selves throughout the day through different 
activities via an earphone.
First, the patient at home logs in what activity 
they are about to start (walking the dog in this 
example). Secondly, as patients are doing the 
set activity, the coaching program asks them 
to respond to a question or say something (as 
feedback). Based on how breathless they are 
while doing that, their exertion level is exam-
ined, and they are advised to stop, keep going, 
or slow down, for example.

Concept 3: Concept 4:

This concept is about making scores mean-
ingful to patients, which in this case is the as-
sessment scores given to the patients for their 
disabilities and personalizing the care based on 
that. 
The doctor scores the disability level of the pa-
tient’s body parts from 0-5, which are color-cod-
ed for the patient for better visualization. Sec-
ond, based on the scores, the disability profile 
is identified, and unsuitable activities are elim-
inated for the patient. Moreover, all equipment 
at the CR center are labeled with the corre-
sponding disability profiles to indicate which 
patients can use them.

This concept is about making patients feel safe 
at home in the same way they do at the CR 
center by providing constant supervision.
During exercises at the CR center, the system 
asks for feedback from the patients. Therefore, 
they need to report their symptoms and exer-
tion level during activities to create a personal 
dataset, based on which the system starts to 
learn about the reported clinical and behav-
ioral data. At home, the supervision and safe-
ty are provided by a bracelet that constantly 
monitors them, alarming patients when they 
deviate from their safe zone according to their 
personal dataset. 

Personalizing care trajectory based on 
the assessment and goal of the patients

Making progress more tangible by dividing 
goals into sub-goals for home and center

This concept is about care personalization in 
which the main adjustments to the care de-
pend on the goals of the patients.

In the assessment, the doctor puts the patient 
on a matrix based on their disability and heart 
capacity levels. Based on their goals (whether 
they need improvement in the heart of the 
functionality of their body parts), patients can 
choose a care trajectory encompassing relat-
ed sub-goals starting from their position on the 
matrix.

This concept is about making progress more 
tangible and trackable by dividing the personal 
goal into sub-goals and providing patients with 
a detailed care plan.

Considering whether the goals of patients are 
endurance or strength goals, they are divided 
into sub-goals that should be done both at the 
home and center. The plan is envisioned to be 
adaptive to the progress and the adherence of 
the patients while reaching sub-goals

Concept 5:

Concept 6:

Design Directions
Stepping back from the concepts and looking 
at them with a more zoomed-out view made 
me realize that they have different design di-
rections, Shared Decision-making (SDM), Safety 
through Supervision, and Condition Manage-
ment.

1. Shared-Decision Making (SDM):
SDM is defined by NICE (2022) as a joint process 
in which the patients together with the health-
care professionals, reach a decision about the 
care and alter it accordingly. In the case of CR, 
it could be translated in a way that patients 
make a personalized goal, and together with 
the CR healthcare professionals, they see 
which path is more beneficial for the patients 
to undergo. 

In this regard, concepts 1, 5, and 6 also focus on 
altering the care path based on the patients’ 
goals and what they want to achieve in reha-
bilitation. In terms of an intelligent solution, it 
would understand the goals of the patients 
and facilitate the alterations of the care path 
in order to adapt to what the patients need to 
achieve. 

From the gathered insights, as already men-
tioned, the CR care path is not much personal-
ized at the moment, and the goals themselves 
are also an element in the care that is not the 
base for much change in the current care path. 
Therefore, because of this big gap identified, I 
decided not to continue in this direction in the 
following iterations to lower the risk of the solu-
tion uptake and address the viability part of the 
project.
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1. Shared-Decision Making (SDM):
SDM is defined by NICE (2022) as a joint process 
in which the patients together with the health-
care professionals, reach a decision about the 
care and alter it accordingly. In the case of CR, 
it could be translated in a way that patients 
make a personalized goal, and together with 
the CR healthcare professionals, they see 
which path is more beneficial for the patients 
to undergo. 

In this regard, concepts 1, 5, and 6 also focus on 
altering the care path based on the patients’ 
goals and what they want to achieve in reha-
bilitation. In terms of an intelligent solution, it 
would understand the goals of the patients 
and facilitate the alterations of the care path 
in order to adapt to what the patients need to 
achieve.

From the gathered insights, as already men-
tioned, the CR care path is not much personal-
ized at the moment, and the goals themselves 
are also an element in the care that is not the 
base for much change in the current care path. 
Therefore, because of this big gap identified, I 
decided not to continue in this direction in the 
following iterations to lower the risk of the solu-
tion uptake and address the viability part of 
the project.

2. Safety through supervision:
Generally, patients feel safer at the CR center 
during training because of the supervision of 
the healthcare professionals and the acces-
sibility of help and medical devices to check 
them when they perceive something wrong. 
After rehabilitation, some patients choose 
monitoring devices that alarm patients when 
something is medically wrong with them, 
which resembles a safe feeling. 

In this re gard, concepts 2 and 4 focus on pro-
viding the feeling of safety by constantly su-
pervising them at home. In terms of intelligent 
solutions, it would understand the physical 
boundaries of the patient and adapt the safe 
zone and freedom of the patient at home ac-
cordingly by alarming them. 

Based on the gathered insights, many of the 
problems at CR originate from patients being 
highly supervised at the center and the big gap 
in place between this situation and at home. In 
this regard, one of the physiotherapists men-
tioned that “some patients describe the feel-
ing of finishing rehabilitation as falling into a 
dark hole” because no one is there to look after 
them. As a result, I decided to exclude the di-
rection of objectively monitoring patients to let 
them know if they are safe or not and prefera-
bly focus on internalizing the feeling of safety.

Effort and gain for relevant stakeholders in 
the solution:
This notion addresses the viability aspects 
of the project and comes from the com-
plexity and the integration of CR inside a 
bigger healthcare system. Therefore, there 
is a necessity to research the underlying 
workflow and the involved stakeholders to 
ensure the uptake of the solution and in-
clude them in it properly. To gain insights 
into this topic, chapter 2 explored the CR 
context to provide an overview for better 
understanding.

The required effort and challenges in data 
collection/reporting:
Since some of the concepts included re-
porting data, the idea of the effort in data 
collection/reporting and the subsequent 
reward as engagement with data was dis-
cussed. Thus, it became a factor to consid-
er during the next ideations.

Reflection:
Since the element of reflection on the col-
lected data was explored in some of the 
concepts, more related nuanced insights 
were brought up, such as Reflection-in-ac-
tion, and Reflection-on-action.

According to Schön (2017), Reflection-in-ac-
tion occurs while still in the activity, help-
ing the person modify it for completion. 
Whereas reflection-on-action is about re-
calling the experience in retrospect in order 
to see what things went the way they did.

I had integrated both reflection types into 
the concepts, which made me realize the 
different use cases they could have for fur-
ther ideations.

Personal Informatics:
In the end, most of the mentioned points 
culminated in the framework of Personal 
Informatics(PI). According to Li et al. (2015), 
PI systems facilitate relevant personal data 
collection with the aim of self-reflection to 
learn about oneself, with the two major 
stages of collection and reflection which 
were explored in the concepts.

New Notions to Explore:
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(G) 
-Iteration 2-

This iteration explores some design opportunities.

Adjusting Assumptions:
In order to make conclusions from the informa-
tion in this chapter, it is helpful to revisit the as-
sumptions made in this iteration to define how 
to move forward with them. The adjustment 
happened in iterations where new information 
came to light or feedback from stakeholders 
was received.

The assumptions that are not mentioned here 
are the ones validated. Therefore, here only the 
adjustments and doubts are presented.

Using the biking test as the baseline clinical as-
sessment to make personalizations. (This idea 
is assumed in the other design opportunities 
as well)

Assessment: 
a. The initial assessment takes place in or-
der to understand the patient’s heart ca-
pacity (using the Exercise Test) and wheth-
er they need other modules such as diet 
control or smoking cessation. Disability is 
not a factor based on which the patients 
get assessed in the CR care path. In fact, 
that is mostly the case for patients start-
ing Neurological Rehabilitation (for patients 
suffering from a stroke).
b. The assessment scores are still under 
the question of whether they make sense 
to the patients or not.

Goals:
a. Although goals are highly personal per 
patient and they are an integrated ele-
ment in the CR care path, they do not 
change the care path much for the patient 
to reach their goals.
b. CR healthcare professionals are some-
what excluded from this process, and it re-
lies heavily on the patients themselves.

CR care plan:
a. The CR care plan is much less personal-
ized than already assumed.
b. The only personalization of the CR care 
plan is first by the Exercises test in which 
patients divide into four groups based on 
their heart capacity a very low, low, mod-
erate.

Design Opportunities

* Making personal/trackable goals based on ca-
pabilities (baseline assessment):

- Recommending activities based on classifi-
cation to do (home/CR center)
- Keeping the HP and let the patient explore.

* Self-experimenting in the safe zone to figure 
out limitations and capabilities:

- Making the boundaries based on the baseline 
assessment.
- Providing more reassurance.

* Learning about the symptoms and exertion 
levels:
- Education about it.
- Diagnosting after doing the activity by helping 
them reflect on it.
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(H) 
-Iteration 3-
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( I) 
-Iteration 4-

The concepts in this iteration are used in later 
iterations by breaking them down and proto-

typing their elements for test and feedback.
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Concept 1
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Concept 2

206 207



Concept 3
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(J) 
-Iteration 5-

In this iteration, I protoypes the concept ele-
ments and used it in the feedback session at 

Philips with DED designers.
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(K) 
-Form for submission of Borg 

data-

Thank you for your contributions to project "". Please find the items below:

Your exertion level with Borg scores

Hallo!

Wanneer hebt u uw laatste revalidatietraining gedaan? | When did you do your last rehabilitation training?

 vandaag | today

 gisteren | yesterday

 twee dagen geleden | two days ago

 een paar dagen geleden | a few days ago

How did you experience today?:

 Better than expected.

 Worse than expected.

 Not great.

Hoe vaak werd u tijdens de revalidatietraining gevraagd een nummer (BORG) te geven aan een oefening? | How many
times were you asked during the rehabilitation training to give a number (BORG) to an exercise?

 0 keer | time

 1 keer | time

 2 keer | times

 3 keer | time

 +3 keer | times

1: Van 6 tot 20, welk nummer heb je aan één oefening gegeven? Als u het niet meer weet, kies dan een geschat nummer |
From 6 to 20, what number did you give to a single exercise? If you do not remember, select an estimated number

 Ik gaf geen nummer | I did not give a number

 6 ) Geen inspanning, rust | no exertion at all

 7 ) zeer zeer licht | very very light

 8 )

 9 ) zeer licht | very light

 10 )

 11 ) redelijk licht | reasonably light

 12 )

 13 ) redelijk zwaar | somewhat hard 221220



(L) 
-Check-in module adaptation-
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(M) 
-Data Foundry-

The tutorial presented here was made by Peter 
Lovei, data designer at Philips
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