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Screenshot from https://www.philips.nl/

healthcare/product/HC989803196871/wear-

able-biosensor-wireless-remote-sensing-de-

vice/specificaties, accesssed on March 25th, 

2020. 

Detailed raw data collected are reference from 

<The Philips wearable biosensor in transcathe-

ter aortic valve implantation treatment work-

flow Usability and feasibility of the wearable 

biosensor> (Braem, 2019, Chapter 3)

A - Biosensor documentation



Facbook groups: 

Aortic Valve Replacement Group 

UK Aortic Valve Replacement Group

Aortic Stenosis (support group and meeting 

place)

Heart Disease Support Group

Heart Valve Surgery Support Group

Heart Disease - information and discussion

 Heart Disease Survivors Support Group

Youtube TAVI patient stories: 

https://www.youtube.com/results?search_

query=Aortic+Valve+Stenosis+patient+story

https://www.youtube.com/results?search_

query=TAVIpatient+story

Hartstiching	

https://www.hartstichting.nl/verhalen

HARTPATIËNTEN 	

https://www.hartpatienten.nl/

Harteraad

https://harteraad.nl/ervaringsverhalen/

BHF HealthUnlocked	

https://healthunlocked.com/bhf/

posts/136175899/introducing-our-heart-stars

QuantifiedSelf	

https://quantifiedself.com/show-and-

tell/?topic=39

Mended Heart	

https://mendedhearts.org/

Aortic Hope	

https://www.aortichope.org/new-blog

Women Heart	

https://www.womenheart.org/blog/

American Heart Association	

https://supportnetwork.heart.org/

Care for your heart HK

https://www.careheart.org.hk/?page_id=85

Share my health journey

https://www.sharemyhealthjourney.com/

post/zach-g-story

B - List of scanned website
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PARTICIPANTS

Eight groups of patients were present, aged 

between 70 - 90, mostly accompanied by their 

family member, partner or caregiver. Learnt 

from the specialist nurse, the patients are 

brought to the group session room from 2nd 

floor heart department by the receptionist in 

between their check-ups.  

Patient’s interaction and energy level are being 

observed, of which following findings are not-

ed: 

1. Energy level drops in the middle of the pres-

entation, which the Patients seemed to be too 

exhausted keeping up with a long presentation.

Pre-surgery group  
information session

A visit is paid to Amsterdam UMC and a patient 

group session is being observed. The observa-

tion started from following the specialist nurse 

leaving the heart team meeting room, prepara-

tion and full participation in the patient group 

session. After the session, unstructured inter-

views were done with a TAVI specialist nurse 

and a researcher. 

Main impressions and discoveries from the 

observation are presented as follows: partici-

pants, procedures, artifacts, and roles of med-

ical staff. 

PROCEDURE

The aim of holding a patient group session is 

to provide TAVI-related information to the pa-

tients. The session is held in between a full day 

check-ups (such as CT Scan, ECG, and poly-

clinic). The whole group session lasted an hour 

with slide presentations. At the end of the ses-

sion, 1-on-1 consultation was provided.

A discovery from the procedure is with the 

long length and large amount of information 

given, it is hard for the patients to absorb all. 

During the follow-up interview with the special-

ist nurse, they mentioned a TAVI patient folder 

is given to the patients at the end. 

If more information is desired, the patient can 

consult in the polyclinic or reach the heart 

team via phone calls.

ROLES OF MEDICAL STAFF

Five medical staff, including four specialist 

nurses and one researcher, were responsible 

for the group session. From unstructured in-

terviews, the importance of this gathering was 

emphasised. For instance, one specialist nurse 

pointed out this is the first touchpoint both 

medical staff and patients meet in person, 

since most of the TAVI patients are referred 

from outpatient hospitals. Information giving 

is not only practical, but to manage expecta-

tion and ease anxious feelings. 

" It is important that after the surgery, the pa-
tients return to their healthy life rhythm. Some 
patients think after the surgery they cannot 
move at all and take their pajamas planning to 
stay in the hospital bed all day... this is not good 
for them. It is important to let them know what 
they can do. " 
                                                    

             - Specialist nurse, 2020

2. Accompaniment of the family member or 

partner is important as a support. For exam-

ple, at the end of the group session, the fami-

ly members leaned in to help communication 

between patients and medical staff by giving 

supplementary information observed in pa-

tient’s daily life.

3. Interaction in groups is valuable. Patients 

showed keen interest to hear what are the sim-

ilar questions others have in mind.

ARTIFACTS

A tangible heart model and an artificial valve 

model were displayed as supplementary edu-

cation material. At the end of the session, the 

information was given to the patients in the 

form of paper leaflets. It is important to keep in 

mind the level of digital literacy and ensure 

readability for the patients.

Figure 12
A snapshot of the observed group information session.

C - Obeservations



18 19

Trainer / Instructor Patient 1

Patient 2 Patient 3

Researcher

Trainer / Observer

Post-surgery online group  
rehabilitation coaching session 

A remote rehabilitation session was observed 

(figure 12). Due to the strict measures of COV-

ID-19 pandemic, CardioVitaal has been deliver-

ing remote exercise session to provide reha-

bilitation care. The unique situation provided 

an opportunity to understand how the trainers 

and patient interact remotely in their home 

environment.

The whole exercise session lasted for an hour 

and divided into three parts. Within each part, 

the instructor gave a set of physical activities 

with gradually increased intensity (figure 11). 

Two physical trainers (one as instructor/anoth-

er as observer) and three patients participated. 

Main impressions and findings are discussed. 

FINDINGS

1. Trainer’s role in teleconsultation

The trainer constantly switched between the 

role of a guide and an evaluator in the remote 

rehabilitation:

- After every session, the trainer asked partic-

ipants to evaluate how they rate themselves 

on the BORG scale. The rating is compared 

with participant’s observed status (amount of 

sweating, perceived tiredness). 

- However, in order to demonstrate the moves 

with the whole body visible, the trainer was 

facing side direction and far away from the 

screen, which makes it difficult to evaluate at 

the same time. In the observed case, a second 

trainer is present as an observer to assess 

the patient’s status.

In some situation, trainers also took the role 

as a facilitator to ensure the remote session 

runs smoothly:

-  Some challenges came from set-up of the 

screen. For instance, when performing moves 

Figure 13 / 14
(Left) Planning of the exercise session
(Right) Impression of the observed group information session.

An interesting finding is the emphasis on ed-

ucating the patients to self-evaluate their own 

training. The self-evaluation criteria not only 

assesses physical activity performance (i.e. 

duration, intensity, energy expended), but 

also the perceived safety to engage in exer-

cion (i.e. sweating, feeling of breathe, sub-

jective tiredness). For instance, the following 

shows conversation when the instructor is ex-

plaining how to use traffic light model to the 

patients:

" I: Okay first at green light, it is okay to  
     have an increased heart rate, to sweat  
     and to breathe faster, and feel a bit tired.
P1: What does it mean an increased heart  
     rate?
I: Well that’s different for everybody. You  
    are not always able to measure it. But we  
    look at you guys and we ask you at which  
    BORG you are and react to that. "

in a lower position, patients cannot view the 

screen properly; likewise, the instructor is not 

able to see participants’ leg movements. 

- To overcome the challenge of visual blind 

spots, the instructor demonstrated both the 

correct / wrong way, and continuously asked 

how the patients are feeling for feedback. 

-  One of the participants found himself strug-

gling with balancing moves. Together with the 

trainer, they creatively arranged some chairs 

as support which can be used for daily training.

2. Educating on physical performance

After each exercise session, the BORG scale 

(Borg, 1982) is used to allow participants sub-

jectively evaluate their level of exertion (fig-

ure 13). At the end of the session, a traffic light 

model is also introduced to educate patients 

how to safely exercise on their own (figure 14). 

In the cases of TAVI rehabilitation, the Katz In-

dex of ADL is another matrix more likely to be 

used, which will be discussed in detail in chap-

ter 4. exploring the meaning of data.

Figure 15 / 16
(Left) The physical trainer asking patient’s to self-evaluate perceived exertion level according to the BORG scale
(Right) The physical trainer educating patient’s to reflect base on the traffic light model
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4. Personalised goal-setting

Since the patients interact with different train-

ers bi-weekly, the session opens up with up-

dates of each patient. Questions including 

blood pressure, heart rate, how the patient is 

feeling and exercising in the previous week are 

asked. 

Personalised goal-setting is different from a 

fixed-structured fitness menu. The goals sur-

round what would the patient want to achieve 

in the following week? How can they reach their 

goal that can fit their daily life? Patient’s phys-

ical capability and routine is taken into con-

sideration. For instance, one of the patients is 

fasting during the rehabilitation, which he con-

tacted the dietitian and cardiologist to ensure 

he is participating in good health. The follow-

ing is another patient’s back and forth consul-

tation with the trainer:

P2: Yeah, but I have a motoric deficit anyway. I 
have never been good at keeping my balance. If 
I run on a straight path I will fall down. That has 
been the case for my whole life now. 
I: Okay, that is fine. For the steps to the side, you 
can always use a chair to hold yourself. So make 
sure there is one you can use. You can do it your 

own way since you know the best.  

Cardiac rehabilitation centers in the Nether-

lands mostly follows the KNGF Guideline Cardi-

ac Rehabilitation (2017). 

Self-evaluation tools such as the traffic light 

model was introduced for patients to self-re-

flect on what they can take on. Instead of hav-

ing patients worrying about having a measur-

ing device available at reach and interpreting 

their vital signs, it is more important to devel-

op a habit of a healthy lifestyle and enjoy the 

exercise safely. 

3. Involvement of family/partner

From the conversation, the patient’s family or 

partners were also involved in daily exercises. 

The topic is also resonated among the other 

patient:

" P3: ...I’ll make sure I exercise enough. 
I: Yes and also cycling outside?
P3: No, not yet. 
I: Is there an obstacle? 
P3: Well, it was during a run that I passed  
    out and they had me resuscitated, so my 
    wife doesn’t allow me to go outside on my     
    own. She or a buddy of mine always needs to
     accompany me. ...
 P2: ... I am also familiar with the story about  
    the wife that doesn’t agree with you  
    walking individually. I am also not allowed. 
I: Oh okay, you too? well let’s start exploring it 
together, step by step..."

The participation of the patient’s family or 

partners could give sense of secure and social 

support by accompanying the patient. Howev-

er, it also posed a second opinion on the daily 

exercises. 
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Figure 17
KNGF guideline cardiac rehabilitation, 2017



D - Sensitising probe







- When patients are referred back from AMC, 

how do you process the information?

- Do patients go to rehabilitation? What are 

the challenges? 

- Who is communicating the most with the pa-

tients after receiving TAVI from AMC?

Recovery process (after rehabilitation, within 1 

year after TAVI): 

- After the rehabilitation, how is the follow up 

process? What would you like to be improved?

- Who is communicating the most with the pa-

tients in the recovery phase?

- How do patients usually respond to the 

follow-up appointments? What are the topics 

discussed?

- How do you see the effect of TAVI toward the 

patient’s lifestyle?

- From your experience, what are the challeng-

es for patients in this phase?

- From your experience, how is the involve-

ment of the family/ caregiver of the patients 

since the beginning until the recovery phase?

Questions specifically for patient 
communication specialist

1. Could you share what’s your main tasks and 

responsibilities as a communication special-

ist? 

2. In your opinion, what is the goal of patient 

communication (i.e. knowledge sharing ...) ? 

3. Are there any existing/developing measures 

of patient experience?  (i.e. effectiveness, ...)

 4. What kind of **patients** profile do you 

communicate in hartcentrum?

5. What are the topics you communicate with 

patients?

6. What are the existing ways you communi-

cate with the patients? 

7. Are there other ways you are looking into to 

improve patient communication? 

8. Who are the **team** working with you? 

9. What are the existing ways to communicate 

with them? 

10. Are there other ways you are looking into to 

improve patient communication? 

11. Is sensor monitoring being used in the hart-

centrum? If yes, can you share how the system 

set-up looks like?  What kind of data collected 

and how?  

12. How do patients in HartCentrum experience 

the current TAVI journey? Can you share some 

of your observations? Are there any expecta-

tions / complaints from the patients?

13. What are your perceived benefits/concerns 

for patients in sensor monitoring?

Understanding your role

What is your role? 

Can you briefly describe a typical workday 

for you? When is the most stressful/most 

smooth?

Understanding TAVI  care path

From Diagnosis to Referral to AMC:

- What is the process of diagnosing patients 

with AoS? How do patients usually respond to 

the diagnosis?

- What is the patient health information being 

examined before referring to AUMC?

- How do patients usually respond to getting 

referred to do TAVI?

- Are there any challenges in referring patients 

to AUMC?

- If TAVI is not the ideal treatment, what will 

also be suggested to the patients?

- Who is communicating the most with the pa-

tients from diagnosis to referral?

- Who is your contact person in AUMC? 

After the Treatment at AMC: 

Understanding the  
Meaning of Data for you

The Philips biosensor patch is a light-weight-

ed, wearable device that collects the following 

data:

- Is ECG data valuable for you? Why and how 

can it be useful for you?

- Is Respiration data valuable for you? Why and 

how can it be useful for you?

- Is Posture / Stepcount data valuable for you? 

Why and how can it be useful for you?

- Is Level of Physical Activity data valuable for 

you? Why and how can it be useful for you?

- Is Heart Rate data valuable for you? Why and 

how can it be useful for you?

- In the near-future, what are the potential use 

cases you find valuable to use the biosensor?

- Is there any data missing that you would like 

to have?

Thank you very much for participating in the in-

terview! Are there any other experts you would 

suggest us to talk to?

E - Interview questions



F - Impression on analysis

care activities  (partial view)

status quo of data flow (partial view)

clusters of challenges



Codebook
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Figure B1
Pre-surgery Journey 

G - TAVI perioperative journey
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Figure 11  
Post-surgery Journey 
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sor, the device collects the patterns of the pa-

tient’s activity level, heart rate, and ECG, which 

represents what is the current normal range 

of the patient’s health condition. This is valua-

ble for care teams to understand the patient’s 

lifestyle before treatment or training and get 

an idea how the patient’s health condition is 

compared to the entire patient population.  

PREDICTING RISK/PROGNOSIS  
FACTORS

ECG data can indicate abnormalities of the 

heart functioning, which is related to several 

post-surgery complications. When sensing 

repetitive abnormal patterns, prediction of 

more (i.e. increasing duration or distance) 

with the same heart rate, or the heart rate 

range has lowered with the same amount, 

both indicate progress. 

ALERTING CRITICAL ADVERSE EVENTS 

Critical adverse events can be patients sud-

denly falling due to stroke or cardiac arrest, 

which needs immediate alert of care. This 

would be valuable as a safety net for the pa-

tients at home.  

These knowledge are then used to generate 

design concepts.

Set-up

The researcher explores together with Philips 

stakeholder on thier role in this project and vi-

sion of the wearable biosensor. The researcher 

uses storyboards as prompts to discuss what 

are potential use cases of the biosensor in TAVI 

journey. 

Discussions

UNDERSTANDING PATIENT 
HEALTH BASELINE

At the starting few days of wearing the biosen-

risks will be valuable for early inspection and 

change of medication for prevention.

DETECTING HEALTH FAILURE  
SYMPTOMS

Since aortic stenosis is a progreeive heart 

condition, severe deterioration can lead to 

heart failure. After referral and before surgery, 

there is a period of time that patient is await-

ing at home, which will be valuable to track 

the progress of stenosis condition with signs 

of heart failure.

TRACKING RECOVERY PROGRESS

To track recovery progress, it is valuable to 

combine activity data and max heart rate dur-

ing exercise. If the participants can achieve 

Figure 26
Impression of the creative sessions

The researcher explores together with Philips stakeholder on thier role 
in this project and vision of the wearable biosensor. 

H - Philips stakeholder interview
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USE CASE 1: REMOTE-SCREENING

current status quo:

Since aortic stenosis is a progressive health condition, it is unsure when it will deteri-

orate. In the current journey, the diagnosis and selection of patients relies on referral 

information, which the gap of communication across care teams may delay providing 

patients appropriate care. During this awaiting time at home, patients feel disoriented 

and burdened with symptoms, which makes them anxious about the treatment.

What if the current screening can be supported with remote telemonitoring?

USE CASE 2: HOME-BASED REHABILITATION 

current status quo:

While TAVI procedures bring benefits such as shorter hospital stay, patients are uncer-

tain how to safely return to healthy living. Patients and informal caregivers feel uncer-

tain of how active can the patient be, thus results in under-/over-achieving of health 

goal. Without knowing the patient’s health status in the home environment, trainers 

struggle to provide personalised feedback or support. The problem prevails during a 

rest gap between hospital discharge to rehabilitation, and again after the rehabilitation.

What if the home-based rehabilitation can be supported with remote telemonitoring?
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The outpatient care team  

J - Others

The outpatient care team serves as the secondary line of care. The main duties include diag-

nosis of the heart valve, making the decision of referral to AUMC / CR care team, and follow-up 

for post-surgical assessment.  A total of 15 outpatient hospitals refers to AUMC in the collabo-

rative scheme.

Responsible Activities 

1. Diagnosis: When the patient is referred from a family doc-

tor, the patients are examined in the cardiology department 

of the outpatient hospital. The outpatient cardiologist is 

responsible for diagnosing the disease based on the echo-

cardiography results and evaluation of symptoms (such as 

experiencing shortness of breath during exertion, angina, 

dizziness, or syncope). 

2. Shared Decision-Making: Based on the diagnosis, the 

outpatient will determine the severity of the condition and 

together decide with the patients on the suitable treatment. 

If the patient fits the need of valve replacement surgery and 

agrees on the treatment option, the outpatient cardiologist 

will then refer the patient to the AUMC secretary via email 

or phone. The referred information including the patient’s 

current medication, comorbidity or medical history, result 

of echocardiography (such as the presence of AS, degree of 

valve calcification, LV function and wall thickness, presence 

of other associated valve disease). 

3. Main contact before admission: Before the surgery, when 

the patient experiences any critical progress of the health 

condition or doubts, the outpatient cardiologist is the main 

person to reach out to through an appointment or phone 

call.

4. Follow-up after surgery: 3~6 months after the surgery, the 

outpatient cardiologist will be responsible for consulting 

post-surgical symptoms, for instance arrhythmic, stroke, 

etc. In the follow-up appointments, the above valvular 

symptoms are inspected to prevent readmission or cure 

severe complication. 
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The AUMC care team  

The AUMC heart care serves as the third line of specialised care. The main duties include two 

rounds of screening and selecting patients for interventions, making optimal surgical deci-

sions, performing the intervention, perioperative care, and long term research to improve care.

Responsible Activities 

1. 1st Screening - Possible treatments: There are two screenings 

taking place before the surgery. The first screening takes place 

in the heart team MDO meeting. Based on the referral informa-

tion from outpatient heart team (i.e. CT scan, comorbidity, and 

biological age of the patient), the decision of possible treat-

ment options or no treatment are suggested. 

2. 2nd Screening - Making optimal surgical decisions:

Once the patient has accepted the TAVI treatment, a second 

screening takes place to decide on the viability and make opti-

mal surgical decisions. The patients are invited to AUMC for CT 

scan, blood sampling and check-up to investigate any risk or 

prognosis factors that may influence the surgery. If the surgi-

cal route of transferol is suggested, an outpatient clinic will be 

made to consult with the patient. 

3. Communicate TAVI specific information: When the patient 

decides to go for the 2nd screening of TAVI treatment, informa-

tion folders are sent to the patients by post or email to under-

stand the procedure. 

Once admitted to TAVI surgery, the patient and informal car-

egivers are invited to a group information session for TAVI 

specific information. Most patients are advised to reach out to 

their own cardiologists for complaints before surgery, hence 

outpatient cardiologists may reach out to AUMC care teams to 

gain TAVI-specific advice.

4. Research:  

Positioned as a research medical center, AUMC has a keen 

drive to improve care through research, which patients are 

often recruited as participants. 
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The cardiac reahabilitation (CR) care team  

The CR care team serves as the secondary line of recovery care. The main tasks include assess-

ing, setting goals, coaching in physical fitness or lifestyle changes, and providing psychological 

support in rehabilitation.  
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Responsible Activities 

1. Post-surgery early mobilisation: When the 

2. Plan and goal-setting in rehabilitation: 

3. Physical activity training:

4. Psychological support: 

The ptotocol follows the Dutch cariac rehabilitation KNGF 

guideline (2017).
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 progress.

The goal of CR is to have progressive weekly and 

being able to achieve what the patient desires 

to do. To achieve an activity, there are the METs 

they require: for instance, vacuum cleaning re-

quires a MET of 7, yet when the patient can only 

achieve a MET of 4 at the moment, they know 

what is the goal to work towards. 

The current training scheme is via group 

coaching, which more general advises are 

given. Three individual sessions are planned, 

which are beginning, halfway, and end of the 

rehabilitation. To give out individual feedback, 

perhaps a tele-coach is demanded to add to 

the care team portfolio. 

Concept #3. Hart as a safe guard

Outpatient cardiologist or rehabilitation doc-

tors are the ones ideally to react to preventive 

care. They make the decision of change in med-

ication and appointments for diagnosing com-

plications.  

Patients are mostly given the number of hospi-

tals to dial, according to the conversation, they 

make a decision tree of is it a safe/non-safe 

situation, and what actions are suggested to 

take. Patients can also take the extreme as di-

aling 112 for emergencies. Despite the patient’s 

actions vary, giving the option of action is es-

sential.

The care program then keeps track of the pa-

tient’s situation on the EHR medical history.

When patients report, it’s important to manage 

their expectations. Real-time feedback is not 

be the actual health baseline. 

Frailty currently is a separate discussion in 

CardioVitaal, yet important to consider. 

Patient-specialist:

EHR integration is essential for accessing the 

information.

The benefit of delivering the biosensor before 

the procedure 

Concept #2. Hart as a home recovery com-

panion

AUMC: 

In AUMC, early mobilisation training starts 4 

hours after the procedure.

CR:

Heart rate means nothing if there is no refer-

ence. Instead of a range of a safe/risk exer-

cise zone, it is the balance to reach the min-

imal activity level and intensity that matters 

in home-training. It’s more important to help 

patients reflect on how they feel to decide on 

whether they engage in a workout or not (traf-

fic light model). 

The trainer focuses on: total workout time, 

the intensity, distance, heart rate. Then advice 

therefore can be given as: Why do you move so 

less? I see you are active, but why mostly at a 

low heart rate level or too short? It’s good that 

you move a lot, but the exercise seems to ex-

haust you. Then the conversation can focus on 

the ‘Why’ of how they can overcome the barrier.

It is also important to give compliments on 

Concept #1. Hart as a supportive examinator

AUMC: 

It is ideal to have the baseline already estab-

lished in screening, so the patient can see what 

they can benefit after the surgery.  

For AUMC, home-based rehabilitation health in-

formation is more of a research interest, which 

can be a long-term value to improve TAVI care. 

It’s ideal to already communicate the patient’s 

personal goal first, so the care can be catered 

towards his/her need. 

CR: 

Rehabilitation normally starts with the PEP 

group information giving, which aims to edu-

cate the patients what they can expect. 

During goal-setting, the patient are asked by 

rehabilitation nurse three activities they en-

joy most, and rate out of 10 how difficult is to 

achieve the 

The baseline test is mostly done with an endur-

ance test, to see in a given time/distance, how 

the max heart rate and functionality rate are. 

PSK (patient specific functional scale) or BORG 

scale can be used to evaluate.

http://www.tac.vic.gov.au/__data/assets/

pdf_file/0020/27317/Patient-specific.pdf-

http://www.tac.vic.gov.au/__data/assets/

pdf_file/0020/27317/Patient-specific.pdf

Inactive/risk/danger are the negative word-

ings to avoid, may trigger anxiety for patients. 

It shall be easy/training/difficult. 

It would be valuable to know what was the ac-

tive level before the training starts that would 

Quotes from preliminary concept co-reflection


