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ABSTRACT
Purpose:  eHealth-based exercise therapies were developed to increase stroke patients’ adherence to 
home-based motor rehabilitation. However, these eHealth tools face a rapid decrease in use after a 
couple of weeks. This study investigates stroke patients’ motivation for home-based upper extremity 
rehabilitation with eHealth tools and their relation with Basic Psychological Needs.
Materials and methods:  This is a qualitative study using thematic analysis. We conducted 
semi-structured interviews with stroke patients with upper extremity motor impairments, who were 
discharged home from a rehabilitation centre, after they interacted with a novel eHealth coach 
demonstrator in their homes for five consecutive days.
Results:  We included ten stroke patients. Thematic analysis resulted in eight themes for home-based 
rehabilitation motivation: Curiosity, Rationale, Choice, Optimal challenge, Reference, Encouragement, 
Social Support and Trustworthiness. Those themes are embedded into three Basic Psychological Needs: 
“Autonomy”, “Competence”, and “Relatedness”.
Conclusion:  Eight motivational themes related to the three Basic Psychological Needs describe stroke 
patients’ motivation for home-based upper extremity rehabilitation. We recommend considering those 
themes when developing a home-based eHealth intervention for stroke patients to increase the 
alignment of eHealth tools to the patient’s needs and reduce motivational decreases in home-based 
rehabilitation.

 h IMPLICATIONS FOR REHABILITATION
• Stroke patients show motivational decreases and decreased use of eHealth tools in home-based 

rehabilitation after a couple of weeks.
• Eight motivational themes describe home-based rehabilitation motivation in stroke patients: Curiosity, 

Rationale, Choice, Optimal challenge, Reference, Encouragement, Social Support and Trustworthiness.
• Those themes are embedded into three Basic Psychological Needs: “Autonomy”, “Competence”, and 

“Relatedness”.
• Those themes should be considered when developing a home-based eHealth intervention for stroke 

patients to increase the alignment of eHealth tools to the patient’s needs and reduce motivational 
decreases in home-based rehabilitation.

Introduction

Over two-thirds of stroke survivors experience upper extremity (UE) 
motor impairment, limiting capacity and resulting in significant 
daily functioning limitations and decreased quality of life [1]. 
Rehabilitation programs involve stimulation of UE use and intensive 
UE exercises (e.g. a high number of repetitions per time unit) [2]. 
Adherence to intensive daily UE use and exercise is essential to 
optimise UE capacity and daily life functioning [3–5]. Exercise adher-
ence may be specifically challenging for patients discharged from 
the controlled and supportive environment of a rehabilitation facil-
ity and expected to continue exercising at home [6–8].

One of the most common perceived barriers to adherence to 
rehabilitation exercises and physical activity in stroke patients is 

a lack of motivation [9]. Motivation can be generally explained 
as a fundamental “drive” towards change. According to Deci and 
Ryan’s Self Determination Theory (SDT), motivation has three 
underlying Basic Psychosocial Needs (BPNs): Autonomy, 
Competence and Relatedness (10). The need for autonomy refers 
to the belief in being agentic and volitional in your actions, and 
it implies self-initiation and a choice over your behaviour. The 
need for competence refers to feeling capable and effective in 
the physical and social environment. The need for relatedness 
refers to connecting to a community or group and having a secure 
relational base [10]. These three BPNs are critical resources for 
psychological well-being and autonomous, self-determined moti-
vation and satisfying them increases motivation to pursue desired 
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behaviour [10]. Literature shows that higher motivation levels 
positively correlate with higher adherence to a rehabilitation pro-
gram [11,12] and better rehabilitation outcomes [3,4,13].

Various motivational strategies targeting at least one of the 
three BPNs are used in face-to-face sessions between therapists 
and patients [14,15]. Examples of this are the application of 
patients’ preferences (increasing autonomy), control of task diffi-
culty (increasing competence) and involvement of a family mem-
ber (increasing relatedness) [14,15]. During home-based 
rehabilitation, patients’ motivational needs are expected to differ 
from inpatient rehabilitation since there is no direct supervision, 
less face-to-face contact between patients and therapists and 
more distraction from the physical and social environment. 
Besides, stroke often affects the social relationships and roles of 
the patient in their home environment, for example, family mem-
bers may become informal caregivers, and patients are less 
involved in community activities [16,17].

Recently, a Delphi study was conducted to identify strategies 
to facilitate adherence to home-based exercises after a stroke 
[18]. Multiple strategies were classified, including using eHealth 
applications to prescribe exercises, provide feedback and motivate 
patients to follow home-based rehabilitation. However, the expert 
panel in this study did not include stroke survivors, and the study 
does not provide insights into patients’ needs [18]. Since many 
eHealth applications face a rapid decrease in use and low adher-
ence in the home environment [19], a better understanding of 
their motivational needs regarding using home-based rehabilita-
tion eHealth tools is needed.

To increase the understanding of motivation in stroke patients, 
evaluating the BPNs in combination with patient-specific contex-
tual and personal factors that influence motivation is important. 
Multiple studies documented motivation as the interplay of indi-
vidual characteristics, including individual factors such as person-
ality, psychological attributes and health status, and contextual 
factors, which are the social context and the culturally enforced 
norms [11,14,20,21]. BPNs, as described by Deci and Ryan, are 
generic and do not specifically take into account these personal 
and contextual factors. Moreover, the feeling of autonomy, com-
petence, and social roles and relationships change due to a 
chronic disabling condition, such as stroke [22]. Thus, a specific 
patient population’s characteristics and home environment should 
not be neglected when providing or developing home-based 
rehabilitation.

This study investigates stroke patients’ motivation for home-based 
UE rehabilitation using eHealth tools and how this is embedded 
in the three BPNs. To account for the specific personal and con-
textual factors, we choose a qualitative study design, allowing us 
to acquire rich personal and contextual data conducted within a 
representative group of stroke patients at their own homes. With 
this knowledge, we expect to better align eHealth tools to the 
patient’s needs, resulting in increased therapy adherence.

Materials and methods

We conducted a qualitative study using thematic analysis [23] to 
identify and describe the patterns in the data collected from 
individual stroke patients. Participants used an interactive demon-
strator of a novel eHealth coach for five consecutive days in their 
home environment. The demonstrator supported participants in 
reflecting on and expressing their experiences, feelings and atti-
tudes regarding using an eHealth tool to perform UE therapy in 
their daily lives [24].

Participant recruitment

A convenience sample was recruited from Rijndam Rehabilitation 
Centre (Rotterdam, The Netherlands) between February and April 
2022. We included adults (> 18 years) who suffered from an isch-
emic or haemorrhagic unilateral stroke, who received rehabilitation 
for a UE impairment and who were discharged home. Patients 
had to be able to voluntarily lift the impaired UE against gravity. 
Patients were excluded if they had comprehensive aphasia result-
ing in the inability to provide informed consent or understand 
the interview questions or if major UE complications or comor-
bidities (e.g. frozen shoulder, severe UE pain) were present. 
Inclusion was stopped when data saturation was reached (i.e. no 
additional information regarding themes or definitions of the 
themes emerged) [25].

Ethics

The study was approved by the Medical Ethical Committee of the 
Erasmus Medical Centre, Rotterdam, Netherlands (MEC-2021-0862) 
and the Human Research Ethics Committee of the Delft University 
of Technology. All participants provided written informed consent 
before the start of the study.

Therapists notified the research assistant to contact potential 
participants who gave their permission. Participants’ therapists 
were not actively involved in this study. However, participants 
were instructed to contact their physiotherapist and discontinue 
exercise if they felt pain or discomfort during or after the exercises 
in their affected UE. They only continued if their physiotherapist 
concluded it was safe.

Procedure and materials

After inclusion, participants were left to interact with a demon-
strator device (“EDO”) in their home environment for five consec-
utive weekdays, and data were collected through semi-structured 
interviews.

Materials

The interactive demonstrator EDO design was based on research 
conducted by our research group [26]. EDO was designed as 
an interactive coach supporting patients to perform UE exer-
cises at home, independently from a formal caregiver (Figure 
1). EDO was presented to the participant as a package con-
taining three components: a tablet with a digital application, 
an interactive disk, and an interactive tool. The tablet application 
provided exercise instructions using videos. The disk emitted 
light to show and remind the participant when EDO was avail-
able to exercise and emitted sound when the exercises were 
completed. The tool was used to perform three functional exer-
cises: a cylinder grasp (Figure 1(a)), a pinch grasp (Figure 1(b)), 
and a lifting and tilting movement (Figure 1(c)). The tool pro-
vided feedback by emitting light when it was grasped, pressed 
or tilted according to the given instructions. EDO did not pro-
vide other feedback on patients’ performance, such as progress 
tracking over time or rewards. Additional materials included a 
tablet holder, a charger and USB cables, an introductory booklet 
with the weekly plan to get acquainted with EDO, and a  
diary (Appendix 1) to note the perceived experience while 
exercising.
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Procedure

During the five weekdays, participants could freely decide how 
many times and how long they wanted to use the demonstrator 
to perform exercises. Informal caregivers (e.g. family members) 
were not actively involved in using EDO. However, they were 
allowed to assist when requested by the participant. On the first 
day, two researchers with a design or medical background (PD 
and AL or DS) introduced EDO to participants in their homes. On 
the second day, participants were invited to discover EDO and 
look at the proposed exercises for the next two days. On the third 
and fourth days, participants were asked to perform up to three 
UE exercises with EDO. After each exercise session, participants 
were asked to fill in a diary, including the notation of which 
exercises they did, for how long and their experience with the 
training session with EDO (Appendix 1). On the fifth and last day, 
participants again were visited at home by two researchers (PD 
and AL or DS) to collect the demonstrator and conduct a 
semi-structured interview to evaluate participants’ experiences 
with EDO, including an evaluation of patients’ notes in the diary. 
Participants were also asked whether, and if so, how they received 
assistance from an informal caregiver. An interview guide was 
used (Appendix 2), which comprised open-ended questions to 
generate discussion around the following topics: (1) participants’ 
experience with an eHealth coach; (2) participants’ experience of 
exercising at home; (3) participants’ motivation triggered by an 
eHealth coach and reflection on the long-term use of an eHealth 
coach at home.

Data collection

Baseline characteristics of the participants were collected and 
included age, gender, time since stroke, UE function level and 
affinity for technology. Participants’ affinity for technology was 
quantified using the Dutch Affinity for Technology Interaction (ATI) 
questionnaire [27]. The questionnaire presents a scale ranging 
from 1 (very low affinity for technology interaction) to 6 (very 
high affinity for technology interaction). The total score can be 
calculated as the mean of the item scores [27]. UE impairment 
was quantified using the valid and reliable bedside Utrecht Arm 
Test (UAT) [28]. The scale ranges from 0 (“a-functional arm”) to 7 
(“clumsy hand”).

The number of days and the number and duration of sessions 
per day participants practised with EDO were extracted from 
the diary.

All interview sessions were audio-recorded and transcribed 
verbatim. Interviews conducted in Dutch were translated into 
English. A participant number code anonymised the transcripts 
and questionnaires in the form of P#. If the partner or informal 

caregiver was involved in the interview to support a patient, it 
was indicated by the following code: PA#.

Data analyses

Quantitative analysis
Descriptive statistics (Median, Inter Quartile Range (IQR)) were 
calculated and presented for the baseline characteristics (age, 
gender, time since stroke, UE function level (UAT), affinity for 
technology (ATI)), the number of days (Median, IQR) and the num-
ber and duration of sessions per day (Median, IQR) participants 
practised with EDO using R studio 2022.02.0-443. In addition, char-
acteristics not directly traceable to participants’ identities and 
presenting a large variability based on the IQR, were reported for 
each individual separately.

Qualitative analyses
We performed a thematic analysis following the guidelines of 
Brown and Clarke [29]. Transcribed data were imported into Atlas. 
ti 22 for each participant. We analysed the data with two research-
ers concurrently until data saturation was reached.

One researcher (AL) repetitively read all transcripts to achieve 
data familiarisation. This researcher highlighted relevant quotes 
– linked to the participant number - in the transcripts. The iden-
tified quotes were then organised into meaningful codes by iden-
tifying patterns between the data segments by two researchers 
(AL, OT) separately. The codes were sorted and combined into 
initial themes. The two researchers reviewed and refined the initial 
codes and themes. The themes that contained similar data were 
merged until all themes were distinct and supported by multiple 
data segments. In case of discrepancy, a third researcher (PD) was 
involved in the discussion until agreement on the final codes and 
themes was reached.

To investigate how the motivational themes are related to the 
BPNs, two researchers analysed the themes derived from the data 
in relation to the three BPNs described in the Self Determination 
Theory. Based on the descriptions and existing literature about 
the BPNs, we classified themes into one of the three concepts. If 
themes did not fit into one of the BPNs, themes were classified 
as ‘other’. The classification was reviewed and discussed with a 
third researcher (PD) until an agreement was reached.

To enhance the credibility and dependability of the study, the 
two researchers (AL, OT) kept a record of the data analysis using 
reflective memos that we linked to each step of the analysis 
process. To ensure the neutrality of the research findings, the 
researchers and participants were unacquainted prior to the study. 
Investigator triangulation was embedded in our study firstly by 
involving a third researcher (PD) to review the analysis and discuss 
discrepancies, and secondly by discussing the findings within our 

Figure 1. the interactive demonstrator “eDo” and the three exercises included in the interface: (a) cylinder grasp, (b) pinch grasp, and (c) lifting and tilting 
movement.
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research group, including experienced researchers with back-
grounds in rehabilitation medicine, human movement science, 
psychology and industrial design, who provided different perspec-
tives on the findings. Moreover, we induced theory triangulation 
by investigating how the motivation themes derived from the 
data related to the BPNs from the SDT which enhanced the con-
firmability of the study findings.

Results

Participant characteristics

Ten stroke patients, six in the chronic (≥ six months) and four in 
the subacute (< six months) post-stroke phase, were included after 
being discharged home from rehabilitation. Participants were pre-
dominantly male, scored a medium affinity with technology on 
the ATI scale, and most could perform a pinch grip (median UAT 
score of 6). Participants’ characteristics are presented in Table 1; 
for each participant providing quotes, the ATI total score and the 
time since stroke (TSS) in months are reported individually.

Self-reported use of EDO (diary)

Nine (9/10) participants filled in the diary. Most participants (7/9) 
practised with EDO as scheduled, i.e. two days; one practised only 
on one day, and one on three days (Median 2; Range: 1 to 3). 
Most of them (5/9) did one exercise session with EDO per day 
(Median: 1; Range: 1 to 2). The exercise sessions varied between 
ten and sixty minutes per session (Median: 15; Range: 10 to 60).

Thematic analysis

The thematic analysis of ten semi-structured interview transcripts 
resulted in 538 coded data segments, twenty-one codes, and eight 
themes. Data saturation was reached after analysing the transcripts 
of eight participants. The themes; Curiosity, Rationale, Choice, 
Optimal challenge, Reference, Encouragement, Social Support and 
Trustworthiness, their underlying codes and relations with the 
three Basic Psychological Needs are presented in Table 2. We 
further explain the themes using participants’ quotes and how 
those themes are embedded in the BPNs, supported by the lit-
erature. Table 2 shows the frequency of the codes Personal ability, 
Link to daily life and Feedback on results (53, 43 and 54 times, 
respectively) are higher than the other codes. Those three codes 
resulted in the themes Optimal Challenge and Encouragement 
and are related to the BPN “Competence”.

Curiosity
Participants expressed curiosity about learning, trying or discov-
ering something new. Participants were curious to try a new way 
to exercise to get better (“… it is new, and you want to get better, 

you want to see if it helps.”) [P1: ATI 4; TSS 17; UAT 6], and some 
participants were mainly interested in discovering the technical 
aspects of the new tool (“It is technically, I like technical stuff.”) 
[P9: ATI 5.3; TSS 2; UAT 6].

Rationale
Participants expressed the need to understand why they have to 
do the exercises to feel motivated to exercise (“You have to do 
better for yourself. Because if you practise a lot, it gets better.”) 
[P8: ATI 2.6; TSS 6; UAT 5]. Besides understanding the benefits of 
exercise, this could also require information about the prognosis 
of UE impairments (“… I am also well aware that I have little 
recovery left now. You recover the most in the first three months 
after your infarction. That’s when you really have to do it, and [it 
would] be stupid not to do it.”) [P5: ATI 2.7; TSS 6; UAT 6].

Choice
Participants also expressed their need to be able to make choices 
regarding their exercise program, e.g. the type of exercises and 
their exercise routine (“Yes [I would like to be able to choose 
myself from more exercises], because then you can say ‘today I 
will take that arm behind my back’ and tomorrow I will take that 
bottle again. …then I will keep doing it.”) [P1: ATI 4; TSS 17; UAT 
6]. In contrast to this need, most participants indicated they 
would like to have a guideline on the intensity (e.g. the number 
of repetitions in a time frame) of exercise instead of choosing 
this freely themselves: (“The number of repetitions, I think it is 
important that you indicate that in advance. Do this five times, 
then take a break and do it five more times”) [P1: ATI 4; TSS 
17; UAT 6].

Optimal challenge
Our analysis showed that finding the right balance between the 
level of an exercise and the functional level and abilities of the 
patient is highly important for participants. Participants indicated 
that the exercises should contain three aspects to provide an 
optimal challenge. The first aspect relates to the patient’s personal 
abilities; namely, exercises should be adjusted to the level of abil-
ities of each person, not too easy nor too hard (“It motivates you 
if you cannot do it yet because you want to do it better…If you 
can already do it, it becomes boring.”) [P3: ATI 4.3; TSS 3; UAT 6]. 
The second aspect is the link to daily life; namely, exercises should 
be related to daily life activities and personal goals of the patient 
and also involve the use of common objects (“You see it as a 
bottle. That’s also that pouring exercise that I did on Thursdays 
[during a UE therapy session], that you have to tip it over. Yes, 
that is good”) [P7: ATI 3.2; TSS 4; UAT 6]. The third aspect relates 
to the level increasement to help patients feel challenged even 
when performing the exercises multiple times (“It [the exercises] 
should become increasingly difficult. What you have here is actu-
ally only on one level.”) [P3: ATI 4.3; TSS 3; UAT 6]. The fourth 
aspect, Exercise focus, describes the participants’ need to be able 
to focus on the exercise itself and restrict the presence of other 
factors at the same time, as that may distract the patient from 
the exercise. These distracting factors can be related to the exer-
cise environment (“[I do the exercises] in my own study, then all 
those things are off the table, and you are not disturbed.”) [P7: 
ATI 3.2; TSS 4; UAT 6] or to the exercise tool itself (“…if you can 
integrate a few things, it will be easier. Now, you have to think 
about three things, the tablet, the tool and the disk.”) [P6: ATI 2; 
TSS 4; UAT 6].

Table 1. Participant characteristic.

Characteristics (n = 10) Median [iQR]

biological sex (male/female/other) 9/1/0*
age (years) 60.5 [13]
time since stroke (months) 6 [11]
ati (total score) 3.6 [2.5]
Uat 6.0 [0.8]

*presented as total numbers; IQR: inter Quartile Range; ATI: affinity for 
technology score, with a range of 1 to 6; UAT: Utrecht arm test score, with a 
range of 0 to 7.
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Reference
Participants expressed the need to evaluate their personal prog-
ress during home-based rehabilitation. Our analysis resulted in 
three main types of references. The first type is an over-time ref-
erence, which concerns the evaluation of their progress between 
exercise sessions and over more extended time periods, such as 
comparing their results from the start of the UE rehabilitation 
with their results at the end of the first week. (“I want to look 
every time to see if I am improving […] To see over a couple of 
weeks, to look back and see what you did and what you couldn’t 
do in the beginning.”) [P4: ATI 5.1; TSS 6; UAT 6]. The second type 
is a measurable reference that allows patients to compare scores; 

this could also be used within an exercise session (“When you 
see feedback, you know whether there is progress. I want to know 
what stage I am in, like 1, 2, 3, 4.”) [P10: ATI 1.3; TSS 15; UAT 4]. 
The third type is a personal reference, such as a visual reference 
of themselves performing a UE exercise. Other personal references 
mentioned were self-reported ratings of perceived workload, pain 
or mood after exercise. How participants value the use of 
self-reported references was mixed among participants; some 
would like to use it for specific reasons (“It was not [useful] in 
my case, it [the exercises] wasn’t painful or difficult. But when it 
was earlier, it would help to report it.”) [P1: ATI 4; TSS 17; UAT 6]. 
Others don’t find it helpful and think it could negatively affect 

Table 2. an overview of the eight motivational themes describing stroke patients’ motivation for upper extremity home-based rehabilitation with ehealth tools.

Quote excerpts Codes n Themes

Autonomy

Literature
“it is different, it is new.” [P1: ati 4; tss 17; 

Uat 6]
Curiosity 9 Curiosity

the desire to learn or discover 
something new.

“the experience of volition 
and willingness” [1]

higher levels of autonomy 
are linked to greater 
curiosity.

Rationale is known as an 
autonomy supportive 
factor.

the sense of choice 
enhances intrinsic 
motivation by allowing 
greater feelings of 
autonomy.

“do better for yourself… if you practise a lot, 
it gets better.” [P8: ati 2.6; tss 6; Uat 5]

Understanding why to 
exercise

12 Rationale
the need to understand why to 

perform exercises and the 
need that the given 
feedback is understandable.

“know how it works…know why the machine 
say this this.” [P2: ati 5.1; tss 29; Uat 5]

Understanding feedback 13

“be able to choose …then i will keep doing 
it.” [P1: ati 4; tss 17; Uat 6]

Choose exercise 20 Choice
the freedom to choose 

exercises and create a 
personalised exercise routine. 
however, the exercise 
intensity should be 
preferably instructed.

“have other practices as well….a combination 
of things i have to do.” [P6: ati 2; tss 4; 
Uat 6]

Personal exercise routine 25

“number of repetitions…indicate that in 
advance.” [P1: ati 4; tss 17; Uat 6]

exercise intensity 
instruction

14

it is different for everyone, which exercise is 
good” [P3: ati 4.3; tss 3; Uat 6]

Personal ability 53 Optimal challenge
the balance between the 

exercise level and the 
abilities of the patient.

Competence

“the experience of 
effectiveness and 
mastery” [1]

optimal challenges and 
positive feedback are 
external factors that 
increase perceived 
competence.

“should help eventually to …do your 
household better again” [P7: ati 3.2; tss 
4; Uat 6]

link to daily life 43

should become increasingly difficult”) [P3: ati 
4.3; tss 3; Uat 6]

level increasement 11

“then you are not disturbed” [P7: ati 3.2; tss 
4; Uat 6]

Focus 13

“to look every time to see if i am 
improving… to see over a couple of 
weeks” [P4: ati 5.1; tss 6; Uat 6]

over-time reference 23 Reference
the need to evaluate personal 

progress during Ue 
rehabilitation, by comparing 
yourself to a reference.

“this [mirror] is feedback….i judge myself.” 
[P10: ati 1.3; tss 15; Uat 4]

Personal reference 21

“to know what stage i am in, like 1, 2, 3, 4” 
[P10: ati 1.3; tss 15; Uat 4]

Measurable reference 12

“tell you whether you reached the goal” [P2: 
ati 5.1; tss 29; Uat 5]

Feedback on results 54 Encouragement
the words or behaviour that 

provide support to start, 
continue or wrap-up your 
exercise program.

“a kind of aid, that make you think do that 
again now”[P5: ati 2.7; tss 6; Uat 6]

starting & wrapping-up 32

“make it more personal… say ‘hello [name of 
P8], come practice” [P8 +Pa8: ati 2.6; tss 
6; Uat 5]

becoming personal 24 Social support
the need for support by 

significant others in the 
professional or personal 
environment.

Relatedness

“the experience of warmth, 
bonding, and care” [1]

self-determined motivation 
is more likely to flourish 
in an environment 
where people are 
socially supported and 
feel secure.

“feedback of other people…directed 
personally to you” [P10: ati 1.3; tss 15; 
Uat 4]

Personal support 11

“the nurse said…that touched me” [P5: ati 
2.7; tss 6; Uat 6]

Professional support 12

“he did what he did, so you can trust that” 
[P4: ati 5.1; tss 6; Uat 6]

Clear instructions 29 Trustworthiness
the feeling of trust and safety 

while doing Ue exercises“she is a professional, i trust her” [P10: ati 
1.3; tss 15; Uat 4]

Professional involvement 16

“to make it safe, i may need some sensors or 
something” [P2: ati 5.1; tss 29; Uat 5]

Feedback on performance 32

Quote excerpts represent participant quotes grouped into codes, with n showing the frequency each code occurs in the data. themes were based on codes. 
themes were embedded into the basic Psychological needs.
[1] steenkiste van M, Ryan RM, soenens b. basic psychological need theory: advancements, critical themes, and future directions. Motivation and emotion. 
2020;44(1):1-31.
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their mental status (“I won’t use that… I don’t think it would help 
me much. If you start thinking about it [feelings and pain], I think 
you will only get sad.”) [P5: ATI 2.7; TSS 6; UAT 6].

Encouragement
Participants expressed the need to feel encouraged to do 
home-based exercises. Encouragement refers to the feedback pro-
vided to the patient about the result of their action in relation 
to the goal while doing the exercises, feedback on results. 
Specifically, this feedback should be mainly positive (“I expected 
there was a coach in the distance who made compliments and 
gave feedback when things were going well or good enough.”) 
[P6: ATI 2; TSS 4; UAT 6] although feedback on negative results 
could also be experienced as supportive (“Or be honest: you’re 
not doing it well. You can do better. Be positive, but also honest: 
Sorry, you’re not doing your best. I like to see you do better.”) 
[P10: ATI 1.3; TSS 15; UAT 4]. In addition, participants want to feel 
encouraged in starting exercises (“I don’t really need the stick 
[behind the door], encouragement maybe a little bit… a kind of 
aid, so to speak, that you remember I have to do that [exercises] 
again now.”) [P5: ATI 2.7; TSS 6; UAT 6] and in a few participants 
also in wrapping up exercises (“It is useful. It is the end of the 
exercise, you can put your hand on this [button] and actually it 
is finished. That’s it.”) [P3: ATI 4.3; TSS 3; UAT 6].

Social support
Participants expressed their need to feel supported by their social 
environment while doing home-based exercises. Support could 
come from fellow stroke patients with UE deficits, family or friends, 
categorised as personal support (“So if you got other people incor-
porated into this. That I like because you get feedback […] That is 
social, and it’s directed personally to you […] That is super good.”) 
[P10: ATI 1.3; TSS 15; UAT 4]. Or from caregivers, such as therapists, 
nurses and coaches, we categorised this as professional support (“…
motivation has to be boosted. I remember being in the hospital, 
and the nurse said: ‘You are going to [name of rehabilitation centre] 
tomorrow, and keep one thing in mind: you have to do it.’ And I 
really took that with me, just something that touched me.”) [P5: 
ATI 2.7; TSS 6; UAT 6]. Becoming personal describes participants’ 
need for interaction on a personal level when doing exercise ther-
apy. However, preferences of how participants would like to be 
approached differ between patients. Some patients prefer a gentle 
and caring approach (“It [EDO] is not a strict thing; it’s friendly. 
Really a helpful coach, so to speak. I like that. For me personally, 
he [EDO] was pleasant as he is, there’s no need to kick my ass” 
[P9: ATI 5.3; TSS 2; UAT 6]). In contrast, others prefer a stricter, 
sporty approach (“Yes, exactly [EDO should be more a sports coach 
than a helper]. Oh yes, those texts [supportive text] were always 
in between [in rehabilitation]. That is quite nice. But it doesn’t have 
to be too soft for me.” [P7: ATI 3.2; TSS 4; UAT 6]).

Trustworthiness
When doing exercises with an eHealth tool at home, it is import-
ant for participants that it is trustworthy and can be relied on. 
To be trustworthy, it should contain clear instructions and visual-
isation of the exercises so participants do not doubt how they 
should perform the exercises. Participants prefer to be instructed 
with a video (“On paper, they have to explain a lot more, that 
you have to wave your hand, but if you see that then it’s imme-
diately obvious. I would like videos, concise and to the point.”) 
[P7: ATI 3.2; TSS 4; UAT 6]. The feeling of trust and safety in 
patients is also induced by getting feedback on performance, 

namely the information provided to the patient regarding the 
execution pattern of the movement to reach a goal (“I think for 
me make it to make it safe, I may need some sensors or some-
thing. or some way to know where the elbow is or so…. Because 
many of these exercises I can actually do by using my shoulder, 
and that makes them useless because then I learn myself the 
wrong things”) [P2: ATI 5.1; TSS 29; UAT 5]. Lastly, professional 
involvement, namely the involvement of health care professionals 
such as therapists, nurses or professional coaches to allow the 
patient to share their experience or concerns regarding the exer-
cises, induces patients’ trust in home-based rehabilitation (“I got 
a good communication with her [the therapist] because then she 
says how far I go…. She can judge, she is a professional, and I 
trust her”) [P10: ATI 1.3; TSS 15; UAT 4].

Classification of the themes into Basic Psychological Needs 
based on quotes and literature

The eight motivational themes were classified into the three 
underlying BPNs, “Autonomy”, “Relatedness”, and “Competence” 
(See: Table 2). Literature supports the embedding of the themes 
into the three BPNs.

Autonomy
Curiosity and Rationale give patients the intention and willingness 
to perform a home-based exercise program. In the literature, 
curiosity is described as a critical motive influencing human 
behaviour by stimulating the pursuit of learning new skills and 
personal growth [30]. Curiosity and autonomy are related, as 
higher levels of autonomy are linked to greater curiosity [30]. 
Rationale, the reasoning why putting forth effort during an activity 
might be beneficial, is known as an autonomy-supportive factor 
[31]. Additionally, the Self Determination Theory argues that ratio-
nale may also support satisfaction of competence, the belief of 
being able to succeed at a task [32]. Choice gives patients the 
feeling of being in charge of their exercise program. The sense 
of choice enhances intrinsic motivation by allowing greater feel-
ings of autonomy [10]. These three themes are important in stroke 
rehabilitation since patients’ experience of autonomy might have 
changed after a stroke. Patients need to learn to live with their 
new situation (“…It appears I had to learn to live with it [impair-
ments after stroke]. Adapt to it. It gave me another dimension 
to look at things.”) [P10: ATI 1.3; TSS 15; UAT 4]. When these needs 
are satisfied, people experience a sense of integrity as when a 
person’s actions, thoughts, and feelings are self-endorsed (“…You 
always have to try to improve, you have to do better for yourself”) 
[P8: ATI 2.6; TSS 6; UAT 5]. When dissatisfied, people may experi-
ence a sense of pressure or conflict, such as feeling pushed in 
an unwanted direction.

Competence
To feel competent, exercise therapy should be an Optimal challenge, 
the right balance between the challenge level of an exercise and 
the functional level and abilities of the individual patient. Challenge 
typically shows an inverted U-shaped curvilinear relationship with 
self-determined motivation: people perform better and report 
greater joy to a “near miss”, with the optimal challenge at the apex 
of this curve [33]. However, performance and enjoyment decreases 
in a “complete miss” condition [33]. Reviewing exercise progress 
using a Reference induces a feeling of effectiveness and 
self-confidence. Encouragement to start, wrap up or continue exer-
cise also causes those feelings of self-confidence and effectiveness. 
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Feedback on results induces a sense of mastery. This need becomes 
satisfied when people engage in activities and feel they have 
opportunities to use and extend skills and expertise (“…Eventually 
you do it to do things better again. You want to do your household 
better again. It should help to train that kind of things”) [P1: ATI 
4; TSS 17; UAT 6]. When dissatisfied, people experience a feeling 
of ineffectiveness, failure and giving up (“…It’s like, like learning 
to use a knife. I try that for like, six months or nine months. At 
some point, you kind of give it up”) [P2: ATI 5.1; TSS 29; UAT 5]. 
The SDT describes optimal challenges and positive feedback as 
external factors that increase perceived competence [10]. Perceived 
competence can enhance intrinsic motivation, but only when 
accompanied by the feeling of autonomy [10].

Relatedness
The SDT describes relatedness as the need to feel belongingness 
and connection with others and suggests that self-determined 
motivation, enhanced by feelings of autonomy and competence, 
is more likely to flourish in an environment where people feel a 
secure base and are socially supported [10]. When doing 
home-based exercises with an eHealth tool, this need can be 
satisfied by the presence of Social support from peers, loved ones, 
or health care professionals in the exercise program, and by 
Trustworthiness, the feeling of safety and being able to trust (“He 
[EDO] did what he did. Exactly what the thing says he did. So 
you can trust that” [P4: ATI 5.1 TSS 6; UAT 6]). Dissatisfaction with 
the relatedness may result in people experiencing social alienation, 
exclusion, and loneliness (“I think mainly a good conversation [is 
important to feel motivated]. […] I also know people who lie in 
bed, do the exercises and lie in bed again […] They need a push. 
I think it is important in rehabilitation to do things together. To 
give each other a boost.”) [P5 ATI 2.7; TSS 6; UAT 6].

Discussion

This study in ten stroke patients discharged home from a reha-
bilitation facility aimed to investigate their motivation for 
home-based UE rehabilitation with eHealth tools and their relation 
with Basic Psychological Needs. The thematic analysis of ten stroke 
patients’ interview transcripts resulted in twenty-one codes and 
eight overreaching motivational themes: Curiosity, Rationale and 
Choice (related to the BPN Autonomy), Optimal challenge, 
Reference and Encouragement (related to the BPN “Competence”), 
and Social Support and Trustworthiness (related to the BPN 
Relatedness).

The themes of Rationale, Optimal challenge, Reference, 
Encouragement, and Social support show similarities with previ-
ously reported results in the literature. In stroke patients admitted 
to inpatient rehabilitation, understanding rehabilitation (why and 
how), patient-specific goals, experiences of success and failure, 
patients’ physical and cognitive abilities, encouragement and sup-
port from the social environment were previously found to influ-
ence motivation [11,34]. Studies describing motivation during 
inpatient rehabilitation emphasise that motivation derives from 
the ultimate goal of getting home [11,34]. Thus, when a patient 
is already at home, patients may have different goals and needs 
that drive their motivation. Notably, in our study, codes within 
the themes Optimal challenge and Encouragement, embedded in 
the BPN “Competence”, were most frequently present. This might 
indicate that the need to feel competent and master skills effec-
tively is a fundamental need that drives their motivation.

Using eHealth tools in the home environment may also involve 
different patient needs compared to inpatient rehabilitation [35]. 

The themes of Curiosity, Choice and Trustworthiness seem specific 
to the context of home-based rehabilitation with eHealth tools. 
Curiosity was defined as the eagerness to learn or discover how 
to use something new, specifically a new eHealth tool. This theme 
was related to the BPN Autonomy. Patients’ experiences of auton-
omy increased after being discharged home compared to an 
inpatient setting (28). However, patients still experience restrictions 
in their autonomy when discharged home [36]. They typically rely 
on their therapists and the rehabilitation centres’ schedule during 
rehabilitation. At the same time, our study shows that making 
their own treatment choices and developing their routine is 
important in rehabilitation in the home environment. Data from 
the self-reported use of the demonstrator support this. Patients 
reported different schedules for the use of EDO; some of them 
used it once a day, while others broke up the training into mul-
tiple sessions per day with a broad range of duration per session. 
Besides, to experience Relatedness, Trustworthiness is an import-
ant theme. The involvement of a therapist in home rehabilitation 
with an eHealth tool increases the experience of trustworthiness 
since patients feel they can trust on their therapist’s expertise. 
Besides the involvement of their therapist to provide a secure 
relational base, participants expressed how the eHealth tool itself 
could meet the need for relatedness by increasing trustworthiness. 
An eHealth tool should give patients the feeling that they can 
rely on it by providing clear instructions and supportive feedback 
on patients’ exercise performance. Following up on these findings, 
we investigated how social interaction with users could be estab-
lished using agentic objects for home rehabilitation and if those 
interactions could enhance a trustful feeling of relatedness that 
motivates for home-based rehabilitation [26].

The good fit between the themes derived from our data and 
three BPNs supports the validity of the themes. Moreover, the 
present study provides insights into how those three BPNs are 
explicitly expressed in stroke patients performing home-based UE 
rehabilitation with eHealth tools. It was suggested in the literature 
to improve the design of eHealth interventions by implementing 
the concepts of the Self Determination Theory [37]. The theory 
differentiates two types of motivation: self-determined and 
non-self-determined [10,20,38]. Self-determined motivation is 
mainly driven by internal sources. The three BPNs support this 
type of motivation. Non-self-determined motivation is comprised 
of external control. This is a type of motivation in which an indi-
vidual acts out of the desire for external rewards or fear of pun-
ishment. The SDT proposes that behaviour should be more 
self-determined for individuals to be optimally motivated [39]. 
However, it is hard to distinguish between internal and external 
sources since external sources are often only partially external 
and may affect the inner sense. For example, support from loved 
ones can be seen as an external source. However, it involves the 
feeling of relatedness, a more self-determined type of motivation. 
Therefore, combining more external forms of motivation, such as 
rewards, which are currently often used in the design of eHealth 
interventions [34], with insights on how the BPNs are expressed 
in patients in relation to home-based rehabilitation with eHealth 
tools can guide designers, researchers and clinicians to motivate 
stroke patients for at-home treatment. Although we did not anal-
yse our results in relation to patients’ adherence to exercise, we 
hypothesise that the development of home-based interventions 
incorporating these BPNs may increase stroke patients’ 
self-determined motivation and improve long-term adherence to 
home-based rehabilitation.

Our study used the interactive demonstrator “EDO,” allowing 
participants to reflect on their experiences and share their thoughts 
about using an eHealth tool in their home instead of imagining 
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using an eHealth tool in their house. The demonstrator can be seen 
as a ‘strong concept’. Strong concepts are described in design lit-
erature as generative design concepts that stimulate new ideas for 
a design problem situation [40], i.e. social robots for elderly living 
at home. Strong concepts take the shape of dynamic and interactive 
demonstrators that provoke a behavioural response in people using 
the demonstrator. The incomplete nature of a strong concept allows 
it to remain general enough to embed a design idea, but can 
eventually be used across particular situations and applications 
[40]. The core design idea of EDO is to represent an eHealth tool 
for home-based stroke rehabilitation. Its components represent 
various eHealth applications, such as providing exercise feedback, 
reminding of, and instructing exercise [18]. Representing a broad 
range of eHealth applications, EDO facilitated generating knowledge 
about stroke patients’ motivation regarding using eHealth tools for 
home-based stroke rehabilitation. This knowledge is beyond the 
particular use case of EDO. Therefore, the results are expected to 
be transferable to other applications of eHealth tools for home-based 
stroke rehabilitation. Although the approach allowed patients to 
express themselves in an alternative and creative way, during the 
interviews, some still encountered difficulties due to deficits in 
memory, cognition and expression (i.e. aphasia), which may have 
influenced our results. However, excluding them would not provide 
a realistic representation of the target population.

Still, there are limitations regarding the transferability of the 
results of our study. This is a generative study to describe the moti-
vation of a sub-population of stroke patients in a specific context. 
We included a convenience sample of predominantly males in the 
chronic post-stroke phase, with limited UE impairment measured 
with the UAT. Furthermore, we did not assess cognitive deficits, 
depressive symptoms, and self-efficacy, which are factors associated 
with patients’ motivation [41]. Therefore, translation of these results 
to stroke patients with distinct characteristics (e.g. later post-stroke 
recovery phase, lower UE function) or a different context (e.g. dif-
ferent rehabilitation settings, regions, or countries) may be limited.

In future research, qualitative data about motivational drivers 
and experience with home-based UE rehabilitation could be com-
bined with quantitative data collected with wearable sensors (e.g. 
to detect the amount and intensity of exercise and the amount 
of use of the coaching device). With these data, the relationship 
between motivation and the actual use of a coaching device and 
therapy adherence could be further assessed. To further evaluate 
the validity of the themes we derived from our research, we advise 
testing whether these themes are recognised and deemed import-
ant by other stroke patients in the home environment. Besides, 
if such a validation study is conducted without the demonstrator 
EDO, researchers could also test our hypothesis that the results 
are not specific to the use of EDO. Furthermore, including a larger 
sample with a wider variety of patients is recommended to allow 
data analysis within meaningful subgroups (e.g. subgroups based 
on time post-stroke, level of arm function, or cognitive deficits).

Conclusion

This study, in ten participants with upper extremity impairments 
who were discharged home from a rehabilitation facility, investi-
gated stroke patients’ motivation for home-based UE rehabilitation 
with eHealth tools and the relationship with the BPNs. Performing 
a thematic analysis, we found eight motivational themes: Curiosity, 
Rationale, Choice, Optimal challenge, Reference, Encouragement, 
Social Support and Trustworthiness, which are related to the Basic 
Psychological Needs: “Autonomy”, “Competence”, and “Relatedness”. 
Although our study has limitations regarding the transferability 

of the results to stroke patients with distinct characteristics or 
within a different context, we recommend considering these 
themes when developing a home-based eHealth intervention for 
stroke patients to reduce motivational decreases in home-based 
rehabilitation.
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Appendix 1:  Participants’ diary.*

*Translated from Dutch to English for the purpose of this publication.
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Appendix 2:  Interview guide*

Warming up
a. What was it like to have EDO at home for a week?
b. Could you share interesting moments you had with EDO this week?  

- e.g. please describe or show to us what happened;
About EDO

a. How would you describe EDO to one of your friends or to a family member that doesn’t know it yet?
b. How would you describe EDO as a kind of coach?

e.g. style or approach, manner of conducting you, way of speaking to you;
c. How would you describe the behavior of the different components of EDO?
d. How did you experience using EDO as a coaching system?

e.g. usability, communication, enjoyment;
About exercising with EDO

a. Could you talk about how you experienced doing exercises with EDO?
- e.g. when and how often;
- e.g. difficult / hard;

b) Where did you do the exercises with eDo?
- e.g. where did you place EDO when you did not actively use it;

c. Did you feel like you could count on EDO in doing and performing these exercises?
d. Did you use EDO in different ways than instructed?
e. How did the use of EDO fit into your daily routines?

- e.g. length of the exercises;
- e.g. possibility to repeat the exercises as many times as you wanted;

f. Where others involved in the use of EDO for exercising or otherwise?
g. What would you like to change about how EDO’s allows you to exercise?

About motivation with EDO
a. Could EDO motivate you to do the exercises? If so, how?
b. How would you rate the motivation triggered by EDO from 1 (Lowest) to 10 (Highest)?
c. How could EDO motivate you even more?
d. Did you find EDO useful as a coaching system at home? If so, why?
e. Do you think you can trust EDO as a coach? What would help you to trust EDO more?
f. What should EDO do to build up a relationship with you over time?
g. Would you recommend it to other people undergoing rehabilitation?

*translated from Dutch to english for the purpose of this publication.
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