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I. ABSTRACT  
Stroke is one of the largest reasons for adult disability. Extensive rehabilitation after 
a stroke is highly important to avoid permanent disabilities. Over 60% of stroke sur-
vivors experience limited mobility in upper limb. The aim of this study was to ex-
plore how smart textiles with sEMG electrodes and biofeedback can support upper 
limb stroke rehabilitation by identifying user needs evaluate these through inter-
views and a focus group discussion with rehabilitation professionals. A human cen-
tred design approach was used was including semi structured interviews and a focus 
group discussion. Furthermore, low-mid fidelity prototypes were made. These were 
evaluated by the professionals. The most significant findings were that the technol-
ogy must be simple to understand and use, it should motivate the user to perform 
rehabilitation, and it should enable rehabilitation including functional movements. 
The final result was two high fidelity prototypes that aimed to meet the three main 
needs identified from the semi structured interviews. Furthermore, the prototypes 
aimed to enable home based rehabilitation. One of the prototypes targeted the func-
tion of fingers and hand which is an important function to increase the freedom and 
independence of stroke survivors. The second prototype was a full sleeve including 
electrodes targeting muscles in both forearm and upper arm to enable a wider range 
of movements in rehabilitation. The technology includes features to guide and sup-
port the user. One example tactile elements in the textile to help with correct position 
of the electrodes. The technology could enable home based rehabilitation which 
could decrease the high pressure on the healthcare system and save resources in both 
time and money. Furthermore, it could engage and motivate the patient to increase 
the rehabilitation outcome and the overall quality of life for stroke survivors. 

 

  



 

II. POPULAR ABSTRACT  
Over 60% of stroke survivors experience limited function and mobility in upper 
limb, meaning arm, hand and fingers. This makes everyday tasks like eating or get-
ting dressed a challenge and could decrease the overall life quality of life. Smart 
textiles that can enable measuring of muscle activity with the help of textile elec-
trodes could provide an effective rehabilitation opportunity where the patients could 
perform motivating rehabilitation at home. The aim of this study was to explore how 
smart textiles with biofeedback can support upper limb stroke rehabilitation by iden-
tifying user needs through interviews with rehabilitation professionals. A human 
centred design methodology was used where the user is involved in the design phase. 
Semi structured interviews were conducted which resulted in identifying the main 
user needs. These were used to create low-mid fidelity prototypes that were evalu-
ated by the professionals in a focus group discussion. The final result of this study 
was two high fidelity prototypes meaning they should be functional and close to the 
intended technology. The first one targets the hand and fingers since the function of 
this was identified as important from the interviews. The second prototype targets 
muscles in both forearm and upper arm to enable a wider range of rehabilitation 
training. The prototypes include textile electrodes that can capture muscle activity 
and show this activity on a screen. The technology could enable home based reha-
bilitation which could decrease the high pressure on the healthcare system and save 
resources in both time and money. Furthermore, it could engage and motivate the 
patient to increase the rehabilitation outcome and the overall quality of life for stroke 
survivors.  
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1. INTRODUCTION 
Today, stroke is one of the largest reasons for adult disability and affects approxi-
mately 17 million people each year (Yoo 2022; Yang et.al. 2018). The post stroke 
effects are hindering stroke survivors to perform activities of daily living (ADL) 
which limits the control of one’s own life (Jung, Kim, Lee, Lee, Choe, & Huang 
2022). Among the most common physical limitations after a stroke are motor disa-
bilities, meaning difficulties in controlling limbs, particularly legs and arms. 60% of 
stroke survivors experience limited mobility in upper limbs and require extensive 
rehabilitation to avoid major permanent motor limitations (Xie, Wang, Wu & Chen 
2021). These upper limb impairments make it difficult to conduct everyday tasks 
such as getting dressed, eating and cleaning. A stroke might in many cases also result 
in cognitive impacts like brain fatigue, impaired memory and aphasia (Rahman, Ad-
ams, Peng & Sibbritt 2024). The physical and cognitive post stroke effects can cause 
social and mental health issues where the affected individual isolate themselves from 
social interaction. This can lead to depression and anxiety which contributes to a 
lower quality of life (Morris et.al. 2023).  

E-textiles are used today in healthcare to measure different functions of the body and 
support training and rehabilitation of various conditions (Yang et.al. 2018). Further-
more, they have been explored in stroke rehabilitation and have shown great poten-
tial. One successful concept is the integration of textile electrodes in wearable textile 
devices. This makes it possible to introduce e.g. biofeedback and surface electromy-
ography (sEMG) that measures the muscle activity and provide direct feedback to 
the user (MacEira-Elvira, Popa, Schmid & Hummel 2019). This could help the user 
control the muscles, perform training of certain muscle groups and make an efficient 
rehabilitation. Textile electrodes enable a flexible and seamless integration of elec-
trodes in products and could support home-based rehabilitation for a more efficient 
recovery. A product that has been developed at the Swedish School of Textiles pre-
sents a textile solution where textile electrodes, biofeedback and a mobile app col-
lectively create a solution for rehabilitation of stroke (Sandsjö et.al. 2024). The user 
of the device can follow the muscle activity of the upper limb direct on their 
smartphone or tablet.  

Technology that motivates and entertains the user could help with a more effective 
rehabilitation of stroke (Cramer et.al. 2019). This could be an app or virtual game 
that replace the current rehabilitation method of repeating the same movement or 
task multiple times (Korzeniewska, Krawczyk, Mróz, Wyszyńska & Zawiślak 
2020). With this said, a motivating and engaging game or activity on a smart device 
could make the rehabilitation more exciting for the patient.  

1.1 PROBLEM DESCRIPTION  
With a growing and aging population, the pressure on the healthcare system in-
creases and the demand for effective care is important both from a social and eco-
nomic perspective (Bravo & Muñoz 2022; Wang et.al 2024). Since stroke is most 
common among elderly individuals the amount of stroke cases is predicted to in-
crease as people are living longer (Korzeniewska, Krawczyk, Mróz, Wyszyńska & 
Zawiślak 2020). One of the most common effects after a stroke is mobility related 
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disabilities and difficulties in controlling limbs, particularly upper limbs. Motor-re-
lated disabilities are not only affecting stroke survivors, but it could also be an effect 
of aging and therefore many people would be helped by training and rehabilitation 
(Morris 2023). Limited mobility in upper limb can result in accidents, injuries and 
an overall limitation in the everyday life where the independence is decreased. This 
could result in more hospitals visits or more personal support which results in more 
resources needed in already heavily burdened healthcare system (Wang et.al 2024).    

Finding strategies to conduct rehabilitation at home and continue with training out-
side of the hospitals and clinic could result in a quicker recovery and saved cost for 
the society (MacEira-Elvira, Popa, Schmid & Hummel 2019; Perri, Miah, Zanon & 
Ohtsuka 2023; Wang, Tao, Yu & Qu 2020). One issue, however, is the lack of mo-
tivation that many people with stroke experience and that results is approximately 
70% opting out of the unsupervised training (Cramer et.al. 2019). Complicated prod-
ucts or unclear instructions contributes to reduced training opportunities and with 
this said, the ease of use of potential rehabilitation tools is important to consider. 
One way to increase the home-based rehabilitation and to make the overall rehabili-
tation more efficient is to find ways to motivate and engage the patient. This could 
be by developing healthcare wearable devices (HWD). These devices can guide the 
user in training and at the same time collect and provide information on the recovery 
(Wang, Tao, Yu & Qu 2020). If the professionals working with rehabilitation could 
follow parts of the rehabilitation through the data collected by the HWD, this could 
decrease the supervised physical visits whilst still increasing the amount of training 
opportunities. Home based rehabilitation could therefore save time and resources 
while still increasing the recovery rate (Bravo & Muñoz 2022). With the post stroke 
limitations effecting the cognitive capabilities like brain fatigue and aphasia, the de-
sign of the HWD is important to consider (Rahman, Adams, Peng & Sibbritt 2024; 
Wang, Tao, Yu & Qu 2020).  The product must be developed and designed with the 
users need prioritised for the user to benefit as much as possible from the product. 
According to Swedish standard (SS-EN 62366-1), the usability is of most im-
portance when developing a medical device. With this said the technology must be 
adapted to the users’ ability to understand and use the products. This covers both 
physical products as well as technical solutions like the design and function of an 
app. If a virtual tool like a game or app is introduced, this must be designed with the 
users’ ability to adopt the instructions and information.  

Several studies have explored the development of wearable technologies to help with 
motor disabilities in upper limb, both for stroke survivors and other who suffers from 
limited mobility. Smart textiles and E-textiles have been used to create wearable 
devices to help users in rehabilitation. One example is soft robotics which is weara-
ble devises, usually constructed by textiles to provide flexible and lightweight prop-
erties (Morris 2023). These soft robotics have shown great results in supporting 
stroke patients, however there are some concerns regarding the engineering and tech-
nology that are not always considering the patients’ needs. The use of soft robotics 
usually requires assistance and is too complicated to use for the patient by them-
selves. With this said, the gap between the technology and the user does not make 
this type of devises suitable for home-based training. The same issue can be identi-
fied in the implementation of technological solutions like apps or games (Ibrahim, 
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Cahyadi, Aziz, Shamil & Clemente Lauretti 2024). Even if the solution shows great 
potential in theory, it might not be developed with the actual users’ needs and capa-
bilities prioritised. This might result in that the product fails to be implemented since 
it is not user friendly.  

A theory that is used widely in the healthcare sector is the human centred design 
(HCD) which positions the user, in this case the patient in the centre and invite the 
user to be a part of the design process (Krishnan et.al. 2024). By applying this ap-
proach, one can ensure that the product fulfil the users’ needs since their insights are 
a prominent part of the design process. This study explores smart textiles for upper 
limb stroke rehabilitation and uses a HCD approach to include the user in the whole 
process. This study builds upon previous research made at the Swedish School of 
Textiles, which have resulted in a prototype called SmartSleeve. 

1.2 AIM & SCOPE  
The aim of this study is to explore how smart textiles with biofeedback can support 
upper limb stroke rehabilitation by identifying user needs and evaluate these from a 
Human Centred Design approach. 

The scope of this study is confined to the upper limb, excluding the limitations that 
individuals with stroke may experience in other areas, such as the lower limb. Upper 
limb includes fingers, hands and arms. Furthermore, the secondary users of a wear-
able textile device using biofeedback will be interviewed for this study. This means 
professionals working with stroke rehabilitation. This decision is partly based on an 
ethical standpoint. Interviews with primary users would require a certain degree of 
ethical approval that is beyond the scope of this study. Professionals also have a wide 
experience of meeting many people with stroke which was considered valuable for 
this study. Lastly, the product development for this study will focus on the textile 
part of the product, excluding detailed development of the app and software con-
nected to the textile product. Final prototypes will be developed of the textile, not of 
the app. 

1.3 RESEARCH QUESTIONS  
1. What are the main needs of users of a wearable textile device using biofeed-

back for stroke rehabilitation?   
2. What rehabilitations tasks in stroke rehabilitation, focusing on upper limb, 

could be helped by a wearable textile device using biofeedback? 
3. What characteristics in a wearable textile device with biofeedback are im-

portant for a successful integration in stroke rehabilitation?  

2. LITERATURE REVIEW  

2.1 SMART TEXTILES  
Smart textiles can be described as textiles that can sense and/or react and adapt to 
outside stimulus (Lewis 2023). This is possible, mostly due to the interaction of elec-
tronic components. This enables the textile to sense, measure and communicate in-
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formation to the surrounding or the user. Smart textiles have been explored in vari-
ous fields including security, military, wireless engineering and not the least, 
healthcare (Euler, Guo & Persson 2021; Lewis 2023). In the healthcare sector, smart 
textiles show great potential in enabling home-based rehabilitation while tracking 
the progress and communicate this to the user. It can provide real time feedback 
which is valuable for both patients and healthcare professionals (Tadesse, Abate, 
Felix Lübben & Rauch 2025). One group of smart textiles is electronic textiles (E-
textiles). This is a group of textiles with advanced technology including some kind 
of electric functionality like sensors or conductive fibres (Bravo & Muñoz 2022; 
Yang et al. 2018). This can allow the textiles to measure different activities or outer 
stimulus and communicate to the user or the surrounding environment.  

2.1.1 TEXTILE ELECTRODES AND SEMG 
One type of E-textiles and smart textiles is the incorporation of textile electrodes 
where a conductive yarn, textile or coating is used. It can be integrated either seam-
lessly in the construction or added on by for example embroidery or sewed on 
patches (Guo, Sandsjö, Ortiz-Catalan & Skrifvars 2020; Kim, Kim, Lim & Jeong 
2022). Electrodes can be used in a wet condition where water or another liquid or 
gel are used to enhance the performance. Both wet and dry electrodes can be used in 
healthcare devices however, the wet electrodes using for example a gel does have 
some issues related to skin irritation which makes them less suitable in health care 
devices (Kim, Kim, Lim & Jeong 2022).  

There are different types of electrodes one could incorporate in a textile and in the 
article Wearable technology in stroke rehabilitation: Towards improved diagnosis 
and treatment of upper-limb motor impairment (MacEira-Elvira, Popa, Schmid, & 
Hummel 2019), the most used electrodes are listed and described. One of them is 
sEMG. This electrode is placed on the surface of the body, conventionally usually 
with some kind of tape or gel, and is therefore suitable for use without healthcare 
professionals (Guo, Sandsjö, Ortiz-Catalan & Skrifvars 2020). The signal is gener-
ated by a contracting muscle that the electrode detects from the surface of the skin 
above the muscle that one wants to measure (McManus, De Vito & Lowery 2020). 
The electrical activity from the muscle can be shown as a waveform on a screen. The 
activity is usually shown over time to provide insight in how the muscle is working 
and when it is active or not. One advantage with sEMG sensors in rehabilitation is 
that they can capture muscle activity even if it is quite low and would be difficult to 
notice during a session with rehabilitation professionals (MacEira-Elvira, Popa, 
Schmid, & Hummel 2019). For a high-quality signal, one wants low noise which 
means that as few disturbing signals outside of the measured muscle should be cap-
tured by the electrode (McManus, De Vito & Lowery 2020). The noise can be de-
creased by correct electrode placement, preparation of skin, where the electrode is 
placed and the choice of electrode type. Textile sEMG electrodes can be used with-
out a gel to capture muscle activity which is preferable in health care products, like 
textile products for stroke rehabilitation. Furthermore, sEMG enables movements 
and measurement during activities compared to EMG measured with a needle elec-
trode inside the muscle (McManus, De Vito & Lowery 2020). This makes sEMG 
suitable for rehabilitation where movements and activities are performed.   
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Hermens, Freriks, Disselhorst-Klug & Rau (2000) presents a suggestion on electrode 
placement and sEMG procedures after a literature scan of 144 articles. The aim was 
to create a common recommendation of sEMG sensors and electrode placement. 
When placing sEMG electrodes one must have a reference electrode which is placed 
on an inactive area compared to the other electrodes which are placed on the muscles. 
These recommendations are collected in document called SENIAM, (surface EMG 
for non-invasive assessment of muscles) which is a European recommendation of 
sEMG. The recommendations are based on conventional electrodes, not on textile 
electrodes. Electrode size, shape and materials are discussed among other factors.  

2.1.2 WEARABLE ELECTRONICS FOR STROKE REHABILITATION 
In the first and most acute phase after a stroke, extensive care is important to create 
as good conditions as possible for the rest of the recovery and to avoid a relapse (Lin 
et.al. 2021). Usually, stroke survivors are provided care and rehabilitation at hospi-
tals and rehabilitation clinics after the first acute phase. In some cases, the accessi-
bility to rehabilitation clinics affects the efficiency and consistency of training which 
can result in lower recovery rate (Cramer et.al. 2019). The cognitive impacts that 
many stroke survivors experience could also contribute to a lack of motivation and 
initiative resulting in training at home between rehabilitation clinics visits is opted 
out. The post stroke symptoms can vary a lot from each individual and therefore a 
customised rehabilitation plan is recommended where the individual together with 
professionals create a personalised set of exercises and goals to optimise the recov-
ery (Korzeniewska, Krawczyk, Mróz, Wyszyńska, & Zawiślak 2020).  

Several studies have been made to test and develop different textile products for 
stroke rehabilitation. Many studies use soft robotics, robotic-assisted therapy or ex-
oskeletons to support and guide users in their training. These products, however, 
requires knowledge and assistance and is not ideal for independent use (Morris 
2023). An exoskeleton is a mechanical system that a patient can wear, for example 
on the arm to help perform movements that the patient is not able to do inde-
pendently. See figure 1. They exist in more rigid form and newly developed exo-
skeletons that are softer and more flexible. This relatively rigid and complex product 
makes it difficult for a patient to use at home. As far as the research goes for this 
study, no example has been found where an exoskeleton successfully have been in-
tegrated in rehabilitation programs for home-based rehabilitation. As mentioned, the 
reason for this might be usability issues or economic factors (Korzeniewska, Kraw-
czyk, Mróz, Wyszyńska, & Zawiślak 2020).  

Another example, developed by a research team at University of Bochum, Germany 
is a glove that helped the person with a stroke to conduct rehabilitation at home 
(Korzeniewska, Krawczyk, Mróz, Wyszyńska, & Zawiślak 2020). This glove, how-
ever, is not suitable for people with spasticity which is one of many post stroke ef-
fects. If the fingers are in a fist or the wrist is bent it might be difficult to put on a 
glove, especially if using the product without assistance or in unsupervised training.  

Another product that has been mentioned previously and that is the foundation for 
this study is the SmartSleeve. SmartSleeve is developed by a team at The Swedish 
School of Textiles. This is a knitted sleeve with textile electrodes that measures the 
muscle activity in the upper limb when flexing and extending the wrist (Sandsjö 
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et.al. 2024). The sleeve uses sEMG electrodes and biofeedback and is connected to 
an app. In the app the user can see the muscle activity in real time. This product is 
still in the development phase. See figure 2.  
 
Many different methods can be used to integrate a smart element like conductive 
yarns to a textile product. The main fabric can be both woven and knitted and by 
embroidery or textile printing, a conductive material can be integrated (Korzeniew-
ska, Krawczyk, Mróz, Wyszyńska, & Zawiślak 2020).  

2.1.3 ENVIRONMENTAL CONCERNS – SMART TEXTILES 
The market for smart textiles is expected to grow in the nearest future and even 
though smart textile enables great opportunities there are some environmental con-
cerns regarding the end of life and recycling of them (Tadesse, Abate, Felix Lübben 
& Rauch 2025). The incorporation of complex materials and electronics puts high 
demands on the recycling and separation of materials. New regulations and initia-
tives are promoting and emphasising the importance of recycling of textiles. One 
example is the EU strategy for sustainable and circular textiles which suggest a col-
lection of actions to increase the sustainability in the textile industry (European Com-
mission 2022). One suggestion is to consider the number of materials used in one 
product a well as the design strategy used. Current textiles recycling techniques are 
not developed for smart textiles with incorporated electronics or advanced functional 
finishes (Tadesse, Abate, Felix Lübben & Rauch 2025). These challenges must be 
considered to minimise the harm on the environment that e-waste can cause. Fur-
thermore, the production of smart textiles can be resource heavy, time consuming 
and include toxic chemical that is harmful to environment and humans (Dulal et.al. 
2022). 

2.2 BIOFEEDBACK  
Biofeedback is a technology that is widely used in rehabilitation in various sectors 
including sport and medicine to name some. It uses some kind of sensor to measure 
different functions of the body. This could be heart rate, breathing or muscle activity 
(Cheung, Yip, Lai, de Mauroy, & Jean C de Mauroy 2022). The feedback, for ex-
ample the activity in the measured muscles is shown on a screen to provide direct 
feedback. This gives the user the possibility to get real time communication to con-
trol and train the muscles. Biofeedback and wearable sensors could enable training 

Figure 2 Photo showing the Smartsleeve
developed at the Swedish school of tex-
tiles (Sansjö et.al. 2024) 

 
 
Figure 1 Photo showing an example of an exo-
skeleton (Korzeniewska., Krawczyk., Mróz,
Wyszyńska & Zawiślak, 2020 
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and increased recovery for people who have limited access to rehabilitation centres 
or facilities (Biesmans & Markopoulos 2020). It makes home rehabilitation possible, 
and this could increase the recovery rate while saving cost by reducing supervised 
training and hospital visits (Wanqing, Heye, Pirbhulal, Mukhopadhyay & Yuan-
Ting 2015). The detailed information that biofeedback can provide, for example 
muscle activity in a certain muscle group can make a more efficient training (Ma-
cEira-Elvira, Popa, Schmid & Hummel 2019).    

2.3 STROKE REHABILITATION  
There are different stages of a stroke and depending on what stage a person with 
stroke is in, the rehabilitation will be different (Majumder 2024). The main stages of 
stroke are hyperacute, acute, subacute and chronic phase (Felling et.al 2023). The 
most suitable treatment will vary from each case since the problems are very indi-
vidual, but rehabilitation of stroke is of highly importance for all cases to reduce the 
brain damage and improve its function (Korzeniewska, Krawczyk, Mróz, 
Wyszyńska, & Zawiślak 2020). This is especially important in the early stages of 
stroke. Early diagnosis and rehabilitation can slow down the cell destruction that the 
stroke is causing and recover the brains’ function. After the hyperacute phase, the 
person with a stroke enters the acute and subacute phase and can start rehabilitation 
programs, usually at hospitals and rehabilitation clinics (Mazwi, Sparling, Lissak, & 
Black-Schaffer 2020; Jung et.al. 2022). The team surrounding a person with stroke 
can include occupational therapists, physiotherapists, speech therapists and psy-
chologist. The team, together with the person with stroke create an individualised 
rehabilitation plan depending on the needs and are based on the goals that is aimed 
to be achieved. Since the post stroke effects usually is covering many different areas, 
the rehabilitation can include both mental training to recover from fatigue and cog-
nition impairments as well as physical training. The later one is referred to motor 
training to recover the mobility and the function of the body and includes functional 
motions and muscle strengthening exercises. The recover is achieved by increasing 
the brains plasticity through repeated motion activities (Korzeniewska, Krawczyk, 
Mróz, Wyszyńska, & Zawiślak 2020). To increase the motor function of upper limb, 
consistent and intense training have shown the best results. Factors contributing to a 
more effective recovery has shown to be repeatability and intensity, task specific 
activities as well as encouraging feedback (Hoehler, Wild, de Crignis, Jahn & 
Krewer 2023). Because of the importance of intense and repeatable training, home 
based rehabilitation is important, both between the hospital visits depending on the 
rehabilitation plan, and in the chronic phase when the person with stroke is continu-
ing with rehabilitation at home (Frisoli et.al 2022).  

2.3.1 SOFTWARE AND GAMES IN STROKE REHABILITATION  
In recent years, different types of games and VR solutions have been developed to 
assist in rehabilitation of people with stroke. These include video games, apps and 
VR technologies to name a few (Hung, Huang, Chen & Chu 2016). Game-based 
rehabilitation or similar solutions can engage and motivate the patient to perform 
rehabilitation. Many of these solutions, however, require the patient to have pre-
knowledge or basic skills in the operation of these virtual tools. This, along with that 
the tools are usually quite expensive could results in that the implementation of the 
solutions is challenging (Ibrahim, Cahyadi, Aziz, Shamil & Clemente Lauretti 
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2024). Many people with stroke might experience a cognitive impact and can suffer 
from brain fatigue which limits the ability to process and obtain information given 
to them. This requires assistance or a certain degree of understanding which mean 
that the solution only can be used by a smaller user group or during supervised ses-
sions.  

2.4 ANATOMY ARM AND ELECTRODE PLACEMENT 
The muscles in the arm are many and they have different functions to help use the 
upper limb and perform ADL (Jarque-Bou, Vergara, Sancho-Bru, Roda-Sales & 
Gracia-Ibanez 2018). Some works as flexors and some as extensors and some helps 
move the joints in different directions like supination or ulnar deviation of the wrist. 
The muscles are positioned in different depths. The muscles involved when moving 
the fingers for example, are positioned under the muscles that control the flex and 
extend of the wrist. Flexor carpi ulnaris (FCU), flexor carpi radialis (FCR) and pal-
maris longus (PL) all helps with moving the wrist and is positioned in the superficial 
layer. Flexor digitorum superficialis (FDS) and flexor digitorum profundus (FDP) 
helps moving the fingers and are positioned in the intermediate and the deep layer. 
So is abductor pollicis brevis (ABP) which helps control the thumb. The different 
layers and overlapping muscles can create an issue when using electrodes and sEMG 
to measure muscle activity, especially in the forearm (Kumar, Arjunan & Singh 
2013). If the activity of the individual fingers is desired, the placement and numbers 
of electrodes are important. The grip function of fingers is crucial and if this function 
is limited, it affects the everyday life (Francis-Pester, Thomas, Sforzin & Ackland 
2021). Being able to use your fingers and your hand helps you to grab objects and 
will make it easier to conduct everyday activities which gives you more freedom and 
independence (Zhao et.al. 2022). With this said, the training and rehabilitation of 
upper limb among stroke survivors is important and finding strategies to conduct 
effective rehabilitation at home using sEMG could help with upper limb function 
(Hoehler, Wild, de Crignis Jahn, & Krewer 2023).  Even if some muscles can be 
difficult to measure without noise from other muscles, there are suggestions on how 
to place electrodes for best signal uptake (Hermens, Freriks, Disselhorst-Klug & Rau 
2000). These suggestions includes where on the muscles the electrodes should be 
placed, the inter-electrode distance as well as the shape and size of the electrodes. 
Hoehler, Wild, de Crignis Jahn, & Krewer (2023) presents suggested placements on 
electrodes when measuring all muscles in the forearm. 30 spots were identified and 
could be grouped to seven groups referred to as muscular-anatomically coherent 
groups. For example, group 2 measures wrist flexion and radial deviation and group 
5 finger extension. See figure 3.  
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Figure 3 Picture from the study made by Hoehler, Wild, de Crignis Jahn, & Krewer (2023), 
showing the seven groups of measured muscles. Each colour representing one group. Orange 
(18, 26 and 27) is group 2 wrist flexion and radial deviation. Red (6, 13, 21 and 30) is group 
5 finger extension. 

2.5 USER CENTRED DESIGN IN HEALTHCARE  
Involving the user in the product development process is important to create a solu-
tion that works for the end-user. The healthcare sector is becoming more and more 
digitalised, and this is somewhat challenging for people with disabilities (Chow-
dhary et.al. 2022). Many of the tools provided are not design with users’ abilities in 
mind. The digitalisation could include apps and digital tools which could be chal-
lenging to use if the patient has a cognitive disability or if the patient is not used to 
this technique. Human Centred Design (HCD) is a method that aims to always keep 
the users need in the centre and has been widely adopted in the health care sector 
(Levander et.al. 2024). This approach involves users and stakeholders in the design 
process to create solutions with high end-user satisfaction. HCD uses an innovative 
approach to complex problems by collaborating with many different actors.  

3. METHOD 

3.1 HUMAN CENTRED DESIGN 
The overall theory for this study is human-centred design (HCD). HCD allows for 
innovation and new ideas where knowledge from several stakeholders collaborate in 
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the product development and design phase (Imbesi & Scataglini 2021). It is an ap-
proach that have been widely used in the healthcare sector since it positions the pa-
tient in the centre and the user or users are involved in the development and imple-
mentation of products. This way, the needs of the user are prioritised, and the design 
of the product aims to be inclusive towards the user (Krishnan et.al. 2024). Accord-
ing to Swedish Standard (SS-EN ISO 9241-210:2019, p.12), the HCD process 
should follow the following four steps: (1) Understand and specify the context of 
use, (2) specify the user needs, (3) produce design solutions and (4) evaluate the 
design. See figure 4. This study aims to find a textile solution for rehabilitation of 
stroke survivors and to optimise the usability. With this said, HCD is suitable since 
it allows the users to be part of the development phase. The four steps will be fol-
lowed as presented below:  

1. Understand and specify the context of use is done through an extensive lit-
erature review.  

2. Specify the users need is done by interviews with professionals working 
with stroke rehabilitation.   

3. To produce the design solutions, several prototypes are created, considering 
the findings from the interviews with rehabilitation professionals.  

4. To evaluate the design a focus group discussion with rehabilitation profes-
sionals is conducted. The aim is to evaluate the prototype and suggest further 
improvements for final prototypes. 

 

Figure 4 Illustration of the HCD process and the four main steps based on the Swedish stand-
ard SS-EN ISO 9241-210:2019 (own material). 

3.2 DATA COLLECTION AND PARTICIPANTS  
A qualitative approach was used for the data collection, and it was made in two 
phases. Semi-structured interviews were conducted individually with professionals 
working with stroke rehabilitation as a first phase. The semi-structure interviews al-
low the participants to describe and discuss freely while keeping them on the right 
track (Säfsten & Gustavsson 2019). In the second phase, a focus group study where 
conducted, also referred to as a focus group discussion (FGD).  

3.2.1 PARTICIPANTS  
The participants in this study are rehabilitation professionals and includes physio-
therapists and occupational therapists. The primary users would be stroke survivors 
however, including them in this study is not possible due to ethical considerations. 
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According to Swedish standard (SS-EN ISO 9241-210:2019, p. 10), it is essential to 
involve the primary user in the design process. If this is not possible, their needs 
should be represented by someone who can communicated them. In this context, 
rehabilitation professionals can represent the primary user as both secondary users 
and knowledgeable representatives. Their dual role in this context makes their par-
ticipation meaningful and valuable in the development of the technology in this pro-
ject.  

The sampling of the participants was made using purposive sampling followed by a 
snowball sampling (Säfsten & Gustavsson 2019). The goal was to have 50% physi-
otherapists and 50% occupational therapists to equally represent the two perspec-
tives. The sampling was made purposive towards these two groups and the re-
searcher reached out to organisations requesting people with this competence and 
direct to people that worked withing this field. When finding participants, the re-
searcher asked if the participant knew anyone else at their workplace that would be 
interested in participating in the study and so on.  

3.3 INITIAL INTERVIEWS - USER NEEDS AND DESIGN SOLUTIONS  
In the first phase, six individual interviews were conducted with professionals work-
ing with rehabilitation of stroke. Three participants were physiotherapists and three 
were occupational therapists. The aim of the first round of interview was to identify 
the user needs and to explore possible solutions based on the research questions. See 
appendix I for interview guide. A video was made that demonstrated the current 
solution SmartSleeve and how the app works. A screen recording from the app was 
showed. Figure 5 shows a screenshot from the video showing the app. It illustrates 
two bars that communicates the muscle activity when the Smartsleeve is used. The 
bars go from red to green depending on if the user reached the individual goal that 
is indicated by white arrows.  
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Figure 5 presents a screenshot from the current solution of the app. The two bars show the 
muscle activity in flex and extend of the wrist. (Own material).  
 
 

As a part of the preparations, a test interview was made before the actual interviews. 
This was done by the researcher on a research team member. This way, the interview 
guide could be tested out and updated before the actual interview to ensure that all 
relevant information were collected.  

The semi-structured interview guide was divided into three main parts following The 
Fit Between Individuals, Task and Technology framework (FITT framework). This 
framework was used for the analysation of the data. See next section. Each part in-
cluded questions that focused on each fit aspect. Additionally, background questions 
regarding the participants experience and connection to stroke rehabilitation were 
asked. The interviews were conducted in Swedish which was the first language for 
all participants. The audio from the interview were recorded to enable transcription 
of each interview. The interview where transcribed in Office 365 transcription tool 
in Word. The interview with participants one, two and three were conducted in per-
son while four, five and six where digital interviews using Microsoft Teams. Table 
1 shows participants details.  

Table 1 presents the information of the interview participants. Years of practice and occupa-
tion, furthermore if the interview was conducted in person or online. 

Participant 
no.  

Occupation & Background info  Interview details  

P1 Occupational therapist. 11 years of 
experience in rehab medicine, meets 
different patient groups but stroke pa-
tients are the biggest group.   

In person interview. 
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P2 Occupational therapist. 11,5 years of 
experience in rehab medicine. Mainly 
stroke patients. 

In person interview. 

P3 Physiotherapist, 25 years of practice, 
23 years of experience with stroke.  

In person interview.  

P4 Occupational therapist. 2 years of ex-
perience with stroke.  

Interview on teams. 

P5 Physiotherapist worked both clinical 
and in academia as a researcher. 22 
years of experience with stroke pa-
tients.  

Interview on teams.  

P6 Physiotherapist, stroke department at 
hospital.  

Interview on teams. 

 

3.3.1 DATA ANALYSIS: FITT-FRAMEWORK  
For the data analysis, a deductive approach was used where the FITT framework, 
developed by Ammenwerth, Iller & Mahler (2006) was applied. The FITT frame-
work has been used in previous studies to explore the challenges and success factors 
when implementing a new technology solution, specifically focusing on the health 
care sector (Kujala, Ammenwerth, Kolanen & Ervast 2020). FITT has three main 
parts. See figure 6. Examples of aspects to consider in individual fit can be the users’ 
motivation or openness to try the new technology. It also includes if the users need 
any pre-knowledge, for example on how to operate a smart phone or an app. The 
task aspects include the different tasks and activities that are performed and the com-
plexity of them. For example, the instructions and rehabilitation activities provided 
by the professionals. The last aspect, technology includes the quality and usability 
of the technology. Furthermore, it includes the level of integration of technology 
considering aspects like cost and available infrastructure.  

When using this framework, the three aspects all interact and are suitable when in-
troducing and developing a new technical solution (Kujala, Ammenwerth, Kolanen 
& Ervast 2020). Applying the FITT-framework into a product development and de-
sign process ensures that the users’ needs are considered, and this increases the user 
acceptance and the implementation of the introduced technology. 
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Figure 6 Illustration of FITT-framework and how the three FIT aspects interact based on the 
work done by Ammenwerth, Iller & Mahler (2006), (own material)  
 
 
The purpose of using the FITT framework was to identify users need and evaluate 
the current solution to be able to refine it and find areas of improvement. The data 
analysis was done following the same structure as Kujala, Ammenwerth, Kolanen & 
Ervast (2020), using the FITT framework. The author created a coding scheme from 
the first interview and kept adding codes and themes if more were observed during 
the rest of the interviews. According to FITT framework the data was divided into 
three categories; individual fit, task fit and technology fit (Ammenwerth, Iller & 
Mahler 2006). Furthermore, sub-themes were created within the main themes. This 
is presented in the result section in this report and is attached in Appendix III. Addi-
tionally, one more main theme was created. This is background and includes valua-
ble information regarding the current rehabilitation and patients’ motivation towards 
it.  

3.3.2 CONCEPT DEVELOPMENT AND DESIGN PROCESS  
Concept Development  
When the data was categorised into themes and subthemes, the idea generation for 
the prototypes was initiated. To do this, tools from the book Product design and 
development (Ulrich, Eppinger & Yang 2019) was used. The first step was to define 
the user needs. The FITT analysis scheme in appendix III was used. In the data, user 
statements could be grouped to define user needs. Some inputs were mentioned by 
all participants and could be grouped to one need. For example, one thing that was 
mentioned by all participants were different statements connected to the patients’ 
ability to use and understand the technology. This was considered a need since many 
user statements could be connected to this. See result section for all needs. According 
to Ulrich, Eppinger & Yang (2019), the needs identified were prioritised. These user 
needs where prioritized to communicate the importance of them. If a theme or a need 
was mentioned by multiple participants and emphasised by them, this was consid-
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ered a more important need and marked with one* to three *** stars, with *** indi-
cating the highest importance. The prioritising helped with the next stage of the con-
cept generation which was to determine the feasibility of the suggested concepts.   

All design solutions and concepts suggested by the participants were identified in 
the data and then grouped into the defined user needs depending on what need they 
met. For example, the need mentioned in the previous section, users’ ability to un-
derstand the technology. If the participants had a suggestion connected to this, this 
suggestion was collected as a concept.  The concepts are presented in the result sec-
tion of this report. Some concepts and design solutions were suggested by the re-
searcher as an interpretation of a user statement or the need that were defined. The 
next step was to evaluate the concepts and decide on the most feasible ones to con-
tinue to the prototyping stage. To do this, an impact-feasibility matrix was used fol-
lowing the instructions by Net Zero Cities (n.d.). The researcher and two research 
team members participated in this session, see figure 7. The aim with using this ma-
trix is to prioritise ideas and to realise what ideas are worth working on. The outcome 
is to find the ideas that can be realised with the resources available (feasibility) and 
to what extent the ideas can meet the existing goals (impact).  

All design solutions and concepts were noted down on post-it notes. A group session 
with the research team was held to discuss the impact-feasibility of the different 
concepts. To do this, all post-it notes were placed in one of four corners depending 
on their level of feasibility and impact. See figure 8. If a concept were assessed to 
have high feasibility and high impact it was placed on the top left corner and consid-
ered a promising concept to be implemented in a prototype. If a solution were con-
sidered to have high impact but low feasibility it was placed in the top right corner 
and discussed in the team what could be changed to increase the feasibility to be able 
to move it to high impact and high feasibility. When all post-it notes had been placed 
and discussed the ones in the top left corner were considered the most suitable ones 
to proceed with to make a prototype. See figure 9 on how the post it notes were 
placed.  
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Figure 7 photo from feasibility-impact session (own material).  
 

 

Figure 8 photo from session showing the post-it notes with all concepts and the impact vs 
feasibility board (own material). 
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The aim with the impact-feasibility matrix is to find the ideas that would be most 
feasible to continue with and that would meet the goals of the study. According to 
Net zero Cities (n.d.), the ideas in the top left corner are considered quick wins com-
pared to the other corners which might require more resources to meet the goals. All 
the concepts placed on the high impact and high feasibility are considered to con-
tribute to positive additions or changes to the new refined prototype without any 
major work or resources needed. This does not mean that all other ideas are bad but 
within the frame for this study, only the initial high feasibility and high impact will 
be considered in the following steps. These are presented in the results section of 
this report as well as the design solutions that were placed in the other three corners.   

 
Design Process – Initial Prototyping  
The method used to produce the first prototypes was low and mid fidelity prototyp-
ing using cut and sew. Based on the high feasibility-impact concepts from the previ-
ous step, several prototypes were made. These prototypes were made with a mix 
between low and mid fidelity level. A low fidelity prototype should be very simple, 
not functional and does look quite far from the final prototype (McElroy 2017). 
These are made quite roughly and not with perfection to be able to discuss further 
developments without limit the stakeholders that are evaluating it. Mid fidelity pro-
totypes are closer to the final product and might have some function to them. Ac-
cording to McElroy (2017) this could be design features and functionality. Using the 
low and mid fidelity level saves cost and time in a product development process 
while still communicating the ideas. Four textile prototypes were developed in this 
stage and were a mix of the low and mid fidelity since the design is closer to the final 

Figure 9 Photo from session when all post-it notes are placed in the right corner depending on
their feasibility and impact (own material). 
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product, however the material and the function is not. Six prototypes of the app were 
developed and were low fidelity since they were just printed on papers and had no 
function to them. 

The prototypes are shown in the result section of this report. Photos from the proto-
typing process are shown in figure 10.  The materials used for the prototyping are 
presented below:  

o A knitted fabric composed of cotton and Lycra was used as the main fabric. 
o Conductive fabric (Shieldex) 
o Spacer fabric 
o A conductive yarn produced by Shieldex, 117/17 dtex 
o Velcro  
o Sewing machine  
o Embroidery needles  
o Snap buttons 

For the prototypes of the app, the program Canva was used to create screenshots of 
how the app might look like.  

   

3.4 FOCUS GROUP DISCUSSION - EVALUATION 
The low-mid fidelity prototypes were evaluated in a FGD. According to HCD prin-
ciple and process step four, the prototype will be evaluated by the user, in this case 
rehabilitation professionals. Evaluation of design is important in all stages of a prod-
uct development phase with a HCD approach to always collect information con-
nected to the users’ needs (SS-EN ISO 9241-210:2019, p.19). It helps to highlight 
the strengths and weaknesses in the design and evaluate the product requirements 
and if the product meet the user needs.  

One focus group with three participants were asked to evaluate the prototype. All 
participants in the focus group were participating in the initial interviews as well. 
The interview guide was inspired by the study by Probst et.al. (2024) where the first 
part of the FGD was a demonstration of all prototypes by the interviewer followed 
by open ended question to start the discussion among the participants. The inter-
viewer only interrupt with a question if the participants lost track or wanted anything 

Figure 10 Photos from the initial prototyping process. (own material).  

ᓝᓞᓟ	EMBARGOED	CONTENT	ᓝᓞᓟ 

This section contains confidential material 
related to a potentially patentable invention. 
To protect intellectual property, this content 
is under embargo and has been intentionally 

omitted 
from the publicly available version of this the-

sis. 
For academic review or further inquiry, 

please contact: 
Saga Ingerholt, Saga@ingerholt.se  Or Li Guo, 

li.guo@hb.se 
Embargo Period: 2025-05-21 – 2027-05-21 



 

29 
 

clarified. See Appendix II for interview guide used in the FGD. The focus group 
session was conducted in person to ensure that the users could see, feel and try the 
prototypes, according to standard (SS-EN ISO 9241-210:2019). The audio was rec-
orded to enable transcription. The interview started with a demonstration of the three 
main needs that were found from the first round of interviews and that the prototypes 
were based on. The participants were asked to evaluate the prototypes with these in 
mind. No detailed instruction of all design features and solutions were given. This 
was because the aim of the FGD was to collect honest opinions and experiences of 
how the user realistically would experience the technology. The participants were 
informed that they could ask clarifying question at any time. 

The first part of the FGD focused on the textile prototypes. They were marked A, B, 
C and D to make the communication and transcription more convenient. The partic-
ipants were free to discuss any of the prototypes and design features however they 
desired.  

The second part of the FGD focused on the app prototypes. The prototypes were 
numbered 1a, 1b and 2a-d. 1a and 1b were showed and discussed first since they 
presented versions of the same solution. 2a-d were then showed and discussed since 
they presented versions of the same solution.  

3.4.1 FOCUS GROUP DISCUSSION – ANALYSIS   
The recorded interview was transcribed and then analysed. As for the initial inter-
views a thematic analysis was made. The three main needs were used as main 
themes. The aim of this analysis was to evaluate the most promising ideas according 
to rehabilitation professionals to continue with final prototypes. Sub-themes were 
created as more data was added to the analysis. See result section for a summarisa-
tion of the findings and Appendix IV for coding scheme. The coding scheme resulted 
in determine which design ideas and what solutions that were most promising and 
feasible according to rehabilitation professionals. These were decided to take further 
to the next and final prototypes.  

3.5 FINAL PROTOTYPING  
After the analysis of the FGD, the most promising solutions according to the partic-
ipants were decided to realise into final prototypes. The aim was to create a prototype 
with a high level of fidelity. This means that the prototype should have the correct 
material, final design and function (McElroy 2017). For this study, this means that 
the electrodes should be able to capture the muscle activity and show this on a screen.  

Before creating the prototype, some ideas were tested to make sure that the solution 
would work. The solution was tested with conventional tape electrodes and the ex-
isting technology to determine if the suggested placement would be feasible in a 
prototype. See figure 11.  
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Figure 11 photos of session when trying out one of the concept ides before the actual proto-
type. 
 
The details regarding the materials, production and design are presented in the results 
section. Regarding the electrode placements this was measured out with the authors 
arm as reference. When placing non textile electrodes these are placed directly on 
the patient and the placement is made individually on each patient before each train-
ing session which is not possible in a textile due to the electrodes having a fixed 
position in the textile structure.  

3.6 ETHICAL STANDPOINT  
An informed consent document was provided to the participants in advanced before 
the initial interview and informed that their participation was voluntary. The partic-
ipants were provided with information regarding the study and its aim. Data confi-
dentiality and what was expected was clearly communicated. The interview partici-
pants were informed that they could withdraw their consent and stop the participa-
tion at any time. The informed consent can be found in Appendix V.  
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4. RESULTS  
In this section, all results from each step of the process are presented. This includes 
summaries from the interviews, prototype process of low and mid fidelity proto-
types, FGD and final prototypes with high fidelity. Detailed results are presented in 
tables in the appendix. The term new technology refers to the technology developed 
in this study meaning SmartSleeve and prototypes.  

4.1 INITIAL INTERVIEWS  
Four main themes were used and these were background, individual fit, task fit and 
technology fit. The complete coding scheme with main themes and the subthemes 
are shown in appendix III. The table presents a collection of the discussed themes 
and uses a representative quote from one participant if the theme was discussed in 
multiple interviews. The four main themes and their subthemes are summarised be-
low together with quotes from the participant. The subthemes are described in ap-
pendix III. The six participants are referred to as P1 to P6.   

4.1.1 BACKGROUND 
In the background theme, the current rehabilitation was discussed. This includes the 
current rehabilitation methods and tasks, general patient motivation towards rehabil-
itation and general factors that influence the implementation of new technologies, 
expressed by the rehabilitation professionals.  

General Patient Motivation and Pre-Conditions 
One thing that was mentioned by several participants was that stroke patients differ 
a lot from each individual. This influence the rehabilitation plan as well as the im-
plementation of new technologies and is why a personalised rehabilitation plan is 
important. Furthermore, P5 mentioned that arm and hand training usually is not pri-
oritised in the early stages and therefor the function might be affected since the neu-
roplasticity might be lower later in the recovery journey. See quotes below. Some-
thing that was mentioned by several participants was that a motivated patient has 
much higher recovery rate than a patient that is not motivated. According to P1, a 
source of frustration is that many patients feel like the recovery is slow and that they 
cannot see or notice the progress and that the motivation therefore can be low among 
the patients. This, together with a cognitive impact that might make it difficult for 
patients to understand instructions might lead to low rehabilitation rate. See quote 
below.  

P3 “These patients are quite unique... It differs a lot from 

each individual. So you have to constantly find what works 

for the individual you have in front of you.” 

P5 “It's the fact that you start so late with the arm and 

hand training... Can be different things that affect it, but I 

think that one difficulty is that you get started too late and 

then maybe the neuroplasticity is lower as well.” 
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 P1 “I experience that they are quite frustrated that so lit-

tle is happening. Because it takes quite a long time to get 

a hand working... The frustration over that it doesn't turn 

out fully recovered.” 

Task Performed in Current Rehabilitation   
Current rehabilitation tasks include to pick and grab different objects like marbles or 
to throw or catch a ball. It can be repeated movements like just lifting your arm up 
end down multiple times. It could also be more functional activities like using your 
phone or drinking from a glass. The functional movement are activities that the pa-
tient might have to do at home and therefore train this specific task. For example, it 
could be going to the toilet by themselves. This activity might include walking with 
your rollator, take two steps without the rollator, turn and sit down. Goals are a big 
part of the rehabilitation according to the participants. One participant mentioned 
that they work a lot with direct feedback in the form of words when performing 
activities and tasks and this is a way to motivate the patients.  

In terms of biofeedback in rehabilitation, some participants were familiar with the 
concept and have used it in rehabilitation. For some patients it was new. One aspect 
discussed regarding biofeedback is that it needs some kind of initial activity to work, 
and it will not work for a patient with no muscle activity. The technology discussed 
in the interview might be somewhat limited due to the muscles being positioned in 
layers in the arm and therefor it might be difficult to measure the muscles in lower 
layers. One more precondition that might affect the use of the technology is spastic-
ity that some patients have. In this case, neuromuscular electrical stimulation 
(NMES) can be used.  

P3 “The problem is, as I said, that they (the muscles in the 

forearm) are just above and below each other... I know 

that we have tested it with an NMES instead of trying to 

fine-tune and separate fingers and wrist and it has not 

been so easy for us.” 

P2 “You might end up in a situation where you have a 

patient who has a bit of spasticity... The ability to open the 

hand can be very difficult, because it is much easier to 

close. Take your fingers down but then they don't come 

out again.” 

4.1.2 INDIVIDUAL FIT  
Individual fit is connected to the user’s motivation to use the new technology. Addi-
tionally, it covers the users’ ability to use and understand it, for example what pre 
knowledge is needed. In this case it covers both the professionals and the stroke 
patients and how well the technology fits them and their abilities.   
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Patients’ Motivation to Use the New Technology 
For the subtheme regarding the patients’ motivation, it can be summarised that over-
all, the professionals’ opinions are that many patients would be helped by this type 
of technology. They believed that many patients would appreciate this type of reha-
bilitation device, especially the patients that are a bit competitive. The app that pro-
vides a sort of gamification element would be appealing to many patients since they 
can compete with themselves. P5 mentions that it would be motivating both for pro-
fessionals and patients to visually see the progress and it would probably work both 
in early stages and later stages also called acute, subacute and chronic phase. Some 
concerns regarding patients’ cognitive ability to use the new technology was men-
tioned. If the patient doesn’t understand the technology, it might be a challenge to 
motivate the patient to use it. However, if the technology could make the patients 
forget about the training, this would be very positive. See quotes below.  

P1 “So that it feels a bit fun, that you may not think about 

that you are training.” 

P4 “Yes, but especially with patients who may have diffi-

culties with motivation and that they get direct feedback 

of the movement, visually on such a scale.” 

P5 “Both in the early and late stages, it could be very ex-

citing for the patient to see that yes, but I do something 

even though you don't think you're doing anything. I think 

that would be very stimulating for the patient and for the 

therapist that you know that you are doing the right move-

ment, of course. “  

Professionals’ Motivation to Use the New Technology  
The willingness to use the technology is high among all participants. Several partic-
ipants mentioned that they are missing some kind of digital tool in rehabilitation and 
that they think it is exciting with new digital technologies for stroke rehabilitation. 
All participants were positive towards the new technology and would be interested 
to see if it would work for the patients. All of them expressed that they could see the 
relevance for it and that it would be helpful in rehabilitation. It was mentioned that 
the direct feedback might help with motivation and that this would be a good tool 
for both patients and therapist to see the rehabilitation progress. Many of the partic-
ipant uses NMES more than biofeedback. According to one participant this is be-
cause the patients are not motivated to just see on a screen the information that the 
therapist could tell them by feeling with their fingers. The same participants mention 
that the reason they don’t use biofeedback that much might be because the therapist 
do not sound that positive towards it. The new technology, however, provide the 
gamification element and this was something that the participant really likes. It was 
expressed that by using the new technology you might be able to motivate the patient 
to perform more repetitions and that this would be motivating for therapist too. See 
quotes below.  
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P6 “There are quite a lot of technologies within stroke 

rehabilitation that we don’t have here at the hospital. That 

is a shame. I think it’s very interesting, especially with di-

rect feedback.” 

P4 “I absolutely believe that this app and the sock can 

facilitate rehabilitation, perhaps especially in the acute or 

subacute stage of the first six months-a year after a 

stroke.” 

Patients’ Ability to Use the New Technology 
Patients’ ability to use the product covers if the patient has the ability, skill, pre 
knowledge and level of understanding to be able to use and understand the new tech-
nology. One key finding was that the technology must be simple and basic, meaning 
as little information and few steps as possible. This was mentioned several times by 
all participants. This is due the cognitive impact that many stroke survivors experi-
ence. Both the textile product and the app were discussed and the participants ex-
pressed that the textile must be simple to put on the arm. Simple in this case was 
referred to as simple design with few design features and few steps. Same goes for 
the app. P4 mentioned that handling a phone and maybe login with a password might 
be a challenge for some people with stroke. In order to use this technology, the pa-
tient needs a level of cognitive ability, especially if it is supposed to be used at home 
without assistance. Some people might have a hard time handling a phone and inter-
pret numbers and so on. In this case, they might need some assistance and will have 
a hard time using the new technology by themselves. However, the overall expres-
sion was that it would be helpful and motivating for most patients. P2 expressed that 
if it is not simple to use and understand, this is a risk that the technology will not be 
used. See quotes below.  

P2 “Most patients, not all, but many have a cognitive im-

pact and then, it's good if you can make it easier for them 

to use it then, because otherwise it kind of won't happen.”  

P4 “Because there are patients who can understand lift 

up and lift down, but they have difficulty logging in with a 

password and managing touch screens and apps.” 

4.1.3 TASK FIT  
Task fit covers how well the new technology fits the task and activities that is per-
formed in rehabilitation and if the technology will be helpful when performing the 
tasks. Task fit include both the handling and operating of the new technology, for 
example putting on the textile product and starting the app. It also includes the train-
ing activities and motions performed in rehabilitation.  
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Using and Operating the New Technology 
All participants thought that the current solution was simple, easy and would be pos-
sible for most patients to understand and use. The simplicity in handling the technol-
ogy is something that is mentioned as crucial by all participants as mentioned in 
previous section. This includes both the textile product and the app. According to 
the participants, this could mean few steps to activate the technology, few buttons 
and limited information on app, keeping the tube construction, and possibility to 
wash the textile product. Regarding the design of the app and the user interface (UI), 
most participants expressed that the bars that were demonstrated for the current so-
lution was a good solution since it was simple and not a lot of parameters. Especially 
for patients that are in the acute and subacute phase, the bars might be enough, how-
ever for a patient that has a higher cognitive ability some participant mentions that 
they might need something a bit more challenging. Regarding taking on and off the 
textile product, most participants thought that it would be no problem, especially if 
the patient could get some assistance. However, a couple of participants were con-
cerned regarding patients’ ability to take on and off the current solution, meaning 
the sleeve and thought that this could potentially be a challenge. See quotes below.  

P3 “Yes, but bars are good from that perspective as it is 

simple. If you are going to add more parameters, it places 

higher demands on the patients.”  

P4 “Yes, but because it was open on both sides, it was not 

with fingers and so on. So it's probably relatively easy for 

most people, I would think.” 

Functions That Support Tasks - Textile Product  
Regarding the design of the textile product, the overall opinion was that it is good to 
have some kind of features in the design that indicates correct placement and guides 
the user to help perform the task in a correct way. For example, lines and patches 
that is easy to see, however one suggestion was to also include a tactile element so 
that the user can feel. This is because a stroke arm is usually difficult to move in all 
directions and a tactile element on for example the elbow would be very helpful to 
make sure that the user can get on and use the technology. The overall opinion was 
that the tight-fitting tube construction on the current solution is good since it is sim-
ple and it is no extra steps of closing. This was considered the simplest solution to 
include as many patients as possible in the task to put on the textile product. One 
idea was to add some kind of Velcro to help closing the sleeve however the tube 
construction was still considered a solution that would most likely suit most people 
with stroke. Again, the simplicity of the product was mentioned as one important 
factor to consider. 

P3 “… something that is tactile... It was a blue line. But 

maybe that it is also tactile, like you can feel it by putting 

your fingers on it and know that no, but there, there it is 
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and there is where I want it. Same thing with the elbow 

that it somehow sticks out and becomes more tactile so 

that you can feel the difference in that square that should 

be on the elbow so that I can feel it.” 

Functions That Support Tasks - App  
When discussing the app and the UI, something that was mentioned as a suggestion 
was to add more stimulus than the visual, for example a sound. The attitude towards 
adding a sound was somewhat scattered among the participants. Some thought that 
it might distract some patients. The app must be designed considering the user have 
a brain damage and might have brain fatigue. In this case too much impression and 
information can be very challenging for a stroke survivor. Another suggestion was 
to have two versions of the app, one for the patient and one for the therapist. The one 
for the patient would be simpler with less features. The one for the therapist could 
show more data, for example a progress curve. This was something that many par-
ticipants requested as it would make the technology more versatile in rehabilitation. 
One suggestion was also that the app could help the user check that the product is 
positioned correctly. For example, that the app would show a message when started. 
This message could remind the user to check the position or help guide the user. All 
participants thought that an app could increase the motivation, and one suggestion 
was that the app could show encouraging and motivational messages during and after 
training session to increase the motivation even more. 

P3 “Yes, usually it is good to have more stimuli. So, more 

senses to stimulate so just seeing a graph is one thing, but 

then you have to be able to interpret a graph or a diagram 

or things like that, while a sound is pretty basic. It sounds, 

then its right. It's quiet, it's not right.” 

P5 “You could get a graph maybe that on Monday you did 

this. Now it's Monday again and then you did this much... 

So that it can be optional whether to have it visible or not 

because it is not very stimulating to see that you did not 

have any motor skills for a long time.”   

P4 “We have some such digital assessment instruments, 

such as iPad. It is a big part that you should be able to 

compare with the patient's enrolment status, to compare 

the enrolment status and the discharge status... It would 

have been valuable to be able to measure how high the 

patient got on the first session and compare it with the 

discharge status and see the improvement curve.” 
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Requested Functions to Support Tasks - New Technology 
One function that was requested by most of the participants was to include the grip 
and release of the fingers. This was because it is a functional movement that would 
make the everyday life easier for many stroke survivors. The hands and fingers are 
used a lot during everyday activities and if the technology would enable tasks to 
rehabilitate the grip this could make a big impact according to participants. Most of 
the participants also requested a product that included more electrodes to make more 
movements possible compared to only flex and extend of the wrist like the Smart-
Sleeve. This would make the technology more versatile and could broaden and in-
crease the rehabilitation tasks. One suggestion was to include bicep and triceps to be 
able to perform tasks using the whole arm. Regarding the app many participants 
liked the idea of having the opportunity to save data and compare to previous ses-
sions. In this case the technology could be used as an assessment tool to measure the 
patients’ status which would be valuable both for professionals and patients.  

4.1.4 TECHNOLOGY FIT  
The technology fit covers the implementation of the technology in the existing health 
care and rehabilitation programs. It includes were in then rehabilitation phase the 
new technology would be suitable as well as what factors impact the level of inte-
gration.  

Implementation of Tew Technology  
The general thoughts regarding implementing the new technology in the rehabilita-
tion was that it would be possible and that it does not require any major resources. 
One factor to consider is that the textile must be possible to wash, both in clinic and 
if the patient brings the technology home. As mentioned before, many participants 
were missing some kind of digital tool in the clinic that could engage the patients. 
This suggest that there is room for implementing the new technology in clinic. The 
overall opinion was that most patients would be able to use the technology at home, 
and some might get help and assistance to manage. Again, the simplicity of the tech-
nology was mentioned as a key factor to successfully integrate the technology.  
When discussing in what stage of the rehabilitation the new technology could be 
used the overall opinion was that it could probably work in several stages. Both in a 
very early stage like the acute phase at the hospital when the muscle activity is very 
low, but also in the sub-acute phase at rehabilitation clinics. Furthermore, several 
participants thought that it could be used in later stages when patients perform reha-
bilitation at home, provided that the patient have the cognitive ability to handling the 
technology without assistance. The challenge however, according to some partici-
pants was to persuade their managers to buy the new technology and to figure out 
the logistic part. For example, who is responsible for the physical products, espe-
cially since the patients does not remain in the same departments over time. See 
quotes below.  

P2 “But if you want to reach as many people as possible, 

it should be as simple as possible. Yes, easy to handle and 

easy to use.” 
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P5 “Yes, exactly, the logistic part. And who is responsi-

ble?  Is it the patient who gets this home or is it us who 

are in hospital or should every health centre have one that 

you can train with, or do we lend it out?... Yes, in the care 

chain, because the patients will not remain in hospital, 

they will move.” 

 

4.2 CONCEPT GENERATION  
The aim of the FITT was to evaluate the current solution and to find the users need 
to refine the new technology and meet the needs. The needs were identified, and 
these are presented in table 2. Three main needs were found from the data from the 
interviews, and these are presented below together with the star/s * representing the 
prioritisation. Three *** indicates high importance. These needs were later used to 
evaluate the prototypes in the FGD.   

Table 2 The three main themes that were identified from the data in the initial interviews. 
Need no.  Need  Prioritisation  
1 The technology should be easy to under-

stand and use.  
*** 

2 The technology should motivate the user to 
perform training/rehabilitation.  

** 

3 The training should include functional 
movements or more than one movement.  

* 

 

Considering the three main needs, concepts that met these needs could be identified 
in the data from the interviews. After assessing these in the impact-feasibility matrix, 
a total of 11 concepts were considering high impact and high feasibility. See table 3. 
These concepts were all assessed to be implemented in prototypes. All concepts are 
found from the six interviews and some suggested by the researcher as an interpre-
tation of the identified needs. The 11 concepts and solutions are divided into textile 
and app. In table 4 all concepts that were placed in the other corners and therefore 
selected out for this study. 

Table 3 The final concepts that was considered to have both high impact and high feasibility 
for this study. 

Textile  App  
1. Tube construction with Velcro 

to tighten the sleeve  
8. When starting the app, messages is 
shown to the user to help check that the 
position is correct.  

2. Sew on a pocket to hold the 
electronic part.  

9. Encouraging and motivational mes-
sages is shown to the user during train-
ing session. 

3. A long sleeve that covers the 
whole arm, including elec-
trodes for bicep and triceps.  

10. The app has a sound that indicates 
if the user is performing correctly or 
reached their goals.  
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4. Tactile elements – line for 
guidance and electrode on el-
bow. 

11. Two versions of the app, one for the 
user and for the therapist which have 
more features.  

5. A shorter sleeve covering only 
upper arm, including elec-
trodes for bicep and triceps 

 

6. Contrasting colours on guiding 
elements.  

 

7. A half glove (no fingers) with 
electrodes in palm.  

 

 

Table 4 Table showing the concepts that was realised to prototypes. 
Impact-feasibility level  Concepts 
Low impact, high feasibility  No options for the users in the app, only 

a “start” button 
The front camera is shown when start-
ing the app to help the user check the 
position of the electrodes (inspired my 
mirror therapy). 
A hole for the thumb (smart sleeve) to 
make it easier to put on.  
Handle attached to textile that the user 
can drag when putting on the textile.  

High impact, low feasibility  The app can show a progress curve.  
The user can play a sport in the app. 
E.g. golf, dart, ping pong.  
The user can perform arts and crafts in 
the app. E.g. crocheting, saw-move-
ments, play an instrument.  
The technology includes ulnar and ra-
dial flex.  
The textile product is a glove with elec-
trodes to measure muscles during grip 
and release motion.  
Introduce NMES in the product.  

Low impact, low feasibility  The fabric is black for practical and aes-
thetic reasons.  

 

4.3 INITIAL PROTOTYPES  
The seven different textile solutions were combined in four textile low-mid fidelity 
prototypes to clearly show each concept. Six low fidelity prototypes of the app were 
made to communicate the four concepts. Table 4 presents the prototypes presented 
in the FGD along with which concepts it includes from table 3. Concept 10 and 11 
was only discussed without any prototype to demonstrate. Bigger pictures of the low 
fidelity prototypes can be found in the appendix II.  

 

 

ᓝᓞᓟ	EMBARGOED	CONTENT	ᓝᓞᓟ 
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Table 5 Description and phots of the low-mid fidelity prototypes presented in the FGD. 
Prototype 
name 

Concept  Photo of prototype  

Prototype A 3+4 
A longer sleeve cov-
ering the whole arm, 
including electrodes 
for bicep and triceps. 
Also including tactile 
elements. A tactile 
green line and a tac-
tile electrode on el-
bow. Also, a R for 
right arm.   

Prototype B 5+6  
A shorter sleeve cov-
ering only upper arm, 
including electrodes 
for bicep and triceps. 
Contrasting colours, 
red line as a guiding 
element. Addition-
aly, Velcro to secure 
electronic part.  
   

 
Prototype C 1+2  

Tube construction 
with Velcro to 
tighten sleeve.  
Sewed on pocket to 
hold the electronic 
part. 

  
 

Prototype D 7 
A half glove with a 
thumb but no other 
fingers. Electrodes in 
palm for thumb and 
little finger.  

  
 

ᓝᓞᓟ	EMBARGOED	CONTENT	ᓝᓞᓟ 
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Screenshot 
1a and 1b  

8 
When starting the 
app, messages are 
shown to the user to 
help check that the 
position is correct. 

 
1a                                  1b 
 

Screenshot 
2a, 2b, 2c and 
2d. 

9 
Encouraging and mo-
tivational messages 
is shown to the user 
during training ses-
sion 

 
2a                                2b 

 
2c                                 2d 
 

 

4.4 FOCUS GROUP DISCUSSION – EVALUATION  
The coding scheme of the FGD analysation is presented in appendix IV. A summa-
risation of the findings from each theme and the subthemes are presented below. The 
main themes include the three needs identified in earlier step of this study.  
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4.4.1 NEED 1 – THE TECHNOLOGY SHOULD BE EASY TO UNDERSTAND 

AND USE  
This includes that the user should be able to put on and take of the textile product, 
preferably by themselves without assistance. It also includes understanding the tech-
nology and how to operate it. One factor is to position the electrodes in the correct 
way and how the technology can support the user in this.  

Easy For the User to Get on and Off the Arm/hand 
All three participants agreed on that prototype C would be difficult for a person with 
stroke to get on since it has Velcro in four places, and the user must close it in all 
four places one by one. Initially it is easier to get prototype C on the arm since the 
tube is bigger when it is not closed with the Velcro, however the closing step would 
be a challenge making this solution less suitable compared to others. When compar-
ing prototype C with A and B which was also tube constructions all participant pre-
ferred the tighter tube since it requires less steps for the user and even if it will not 
suit all patients, it would suit most. One suggestion was to use another closing solu-
tion where all four closing parts could be closed or tighten at the same time. All 
participants were positive towards the design of prototype D. P1 explained how put-
ting electrodes targeting the muscles of the hand is a challenge with the existing 
electrodes using tape or gel and that prototype D could solve this issue. All partici-
pants expressed that the design of prototype D was satisfactory since it was simple 
and easy to put on. The design and construction of the prototype helped with posi-
tioning, and all expressed that adding something more would be unnecessary. See 
quotes below.   

P3 “I would like to say that this one would be tricky to 

apply (prototype C). Even if it is easier to get on in the 

initial step, I would say that it is difficult to get everything 

in the right place.” 

 P1 “Spontaneously, I think that when you use electrodes 

they always glide of and it’s difficult to get them to stay in 

place.   

Guiding the User in Correct Placements of Electrodes  
The main area discussed was design elements that somehow guide the user in correct 
placement so that the electrodes end up in the right spot. The tactile elements in-
cluded in prototype A was appreciated by all participants. Especially the tactile elec-
trode on the elbow. P3 mentioned that almost no stroke patient will be able to see 
their elbow so having some kind of tactile element there would be very helpful to 
support the patients that has low function in their arms. The coloured line on the 
upper side of the arm was also considered helpful since it both is visible and could 
be made tactile for the ones that would benefit from that. Elements like the R, indi-
cating that it is for the right arms was also a positive feature. Furthermore, all partic-
ipants expressed that prototype D was designed in a way to make it easy to get all 
electrodes on the right spot and that this product could help solve a problem that 
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exist in current rehabilitation where it is very difficult to get the electrodes on the 
correct spot. See quotes below.  

P3 (Prototype A) “I like these tactile elements on proto-

type A. Especially on the elbow…because the line there on 

the upper side of the forearm you will be able to see any-

ways but the elbow none of them will be able to see. So, a 

tactile element there that you can feel and get it in the 

right spot that is fantastic. Very important.” 

P1 “There it has been a problem. It has been difficult to 

get it to work and I believe that this could be a solution 

that would make it easier (Prototype D). It’s not as diffi-

cult to get the others right.” (refers to prototype A, B and 

C). 

The app was also discussed and how it could help guide the user in correct place-
ment. The app mock-ups 1a and 1b were discussed and the overall opinion among 
the participants was that it would be good to have this kind of solution, especially 
the first time the user uses the technology. The participants agreed on that this func-
tion should include few steps and be easy and quick to click through, alternatively 
that it could be optional. The prototypes included a text as well as a simple illustra-
tion and according to P3, these two options were enough. All participant agreed on 
that some users might find these types of instructions unnecessary when they are 
comfortable and confident with using the technology. To not loose these patients and 
to keep the motivation these steps should be easy and quick to get through before 
starting the training. See quotes below.  

P3 “I don’t think that more options are needed, because 

that might be messy. Two options, even if both are visual, 

one text and one illustration. That is good!” (screenshot 

1a and 1b). 

Design of the App to Make it Understandable for the User  
All participants agreed on that to make the app easy to understand and use it should 
be simple, meaning no unnecessary information and few steps and options when 
using it. The participants also suggested two versions of the app, one for the patient 
and one for the professionals where they could get more detailed data that they could 
share with the patient if desired. To make the technology suitable for most patient 
their version of the app should not contain many different settings and options. The 
participants were all uncertain regarding adding a sound and if this would make it 
more understandable or more confusing for the user. It was mentioned that for a 
person with brain fatigue, a sound might be very exhausting and distracting, resulting 
in that the technology is opted out. See quotes below.  
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P1 “…One view for the patients and one where we can go 

in a bit deeper as professionals…because the patients 

might not need all of the bars, they need the more sim-

ple…They can have the option to add more if they want 

but in the first step they need the most basic.” 

4.4.2 THE TECHNOLOGY SHOULD MOTIVATE THE USER TO PERFORM 

TRAINING/REHABILITATION  
One factor that makes the technology motivating for the users, according to the par-
ticipants is the fact that the users can understand and use the technology. This means 
that it should be simple as already discussed. One function discussed connected to 
this was the colours of the bars and that the red and green clearly signals when the 
user has reached their goal, communicated in prototype 2a, 2b and 2c. Seeing the 
colour change to green would help the user see when they have reached goal and this 
type of competition towards yourselves would according to the participant motivate 
many patients. When discussing other games or similar the participant emphasised 
that the bars would probably be suitable for most patients compared to a game. 
Maybe for patients that are in the chronic phase and wants a bigger challenge but for 
most patients, the coloured bars and the arrows would be motivating enough. Adding 
a sound that indicates if the user is reaching their goal was according to the partici-
pants not a good solution for all users because it could potentially be bothering for 
users with brain fatigue. The overall opinion among the participants was that the 
motivating messages on prototypes 2a, 2b and 2c contributed to increase the moti-
vation for most users. It adds a level to the gamification of interaction that the par-
ticipants thought could increase the motivation. 

One thing discussed regarding the motivation was that being able to see the progress 
is something that many users would appreciate. Both P3 and P1 mentioned that many 
patients struggle with remembering the progress that they made and that many pa-
tients experience that the progress is very slow. A technology like the one discussed 
would according to the participants contribute to increase the motivation. Especially 
if it could also show the progress that the user makes. One aspect to consider though, 
according to P1 is that if the user does not make any progress, it could be unmoti-
vating with this type of technology where you get the feedback directly in front of 
you. See quotes below.   

P3 “But to be able to go back and follow the progress. 

Because that is something that many of our patients strug-

gle with to remember. That last week I could not do this 

but this week I can.” 

P1 ”One negative aspect could be that when you don’t 

reach to that arrow, you can get a bit depressed that you 
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could not reach. I did my best, but it wasn’t enough, today 

again.”  

 

4.4.3 THE TRAINING SHOULD INCLUDE FUNCTIONAL MOVEMENTS OR 

MORE THAN ONE MOVEMENT 
When discussing the task and activities performed by all prototypes all participants 
were most positive towards prototype A and D due to them enabling training of func-
tional movements. Regarding prototype A, the overall opinion was that it was better 
to have one longer sleeve for the whole arm compared to one for the underarm and 
one for the upper arm. The reason for this was, according to P1 that when performing 
activities in the everyday life you usually use more than just one part of your upper 
limb. Including the bicep and triceps like prototype A could, according to the partic-
ipants help with this. Another reason for one longer sleeve compared to having two 
was that it would be easier for most patients to use and understand one product com-
pared to handling two.  

When discussing prototype D, all participants appreciate that it enabled training of 
the hand and the grip. However, some suggestions on the placements of electrodes 
were presented by the participants. The current prototype targets the movement of 
thumb and little finger. To make it a more functional movement the participants sug-
gested targeting the thumb and the index finger. This movement could help the user 
grab an object which is helpful in everyday life. One suggestion was to make the 
glove longer so that it covers the underarm and makes it possible to capture the ac-
tivity in the index finger in the underarm were the muscles connected to the fingers 
are positioned. See quotes below. 

P3 “One thing that we work a lot with is the grip between 

thumb and index finger and that would be a bit difficult to 

make I believe…index finger is quite challenging to dis-

tinguish and the disadvantage would be that we would 

have to work with the muscles up on you forearm…so 

maybe if you would have just an individual electrode be-

low the arm fold and then that would not have to be in the 

glove…alternatively that you have a glove that goes all 

the way up here on the arm.”    

4.5 FINAL PROTOTYPES  
Knitting, cut and sew and embroidery were the main methods used for the final pro-
totyping. Two prototypes were made to integrate the solutions, and they are pre-
sented in the results. The prototypes aim to communicate the function in terms of 
high-fidelity level. The aim is to show that the textile electrodes are functioning and 
that they are placed in a way that capture signals.  
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4.5.1 PROTOTYPE 1  
The half glove was knitted in a Shima Seiki whole garment machine. SWG091N 
with 6 carriers. 5 carriers were used, one with elastic yarn for the closing around the 
arm. The machine was chosen because it can knit a tube which results in a product 
without seams. Furthermore, the program used, Shima Seiki Apex4 was used to de-
sign the half glove. According to the high-fidelity level aimed for this prototype, this 
production method was chosen as the most suitable. The materials used are presented 
below: 

 Main material – Polyamide dtex 110/34/2. 2 ply.  

 Plating – Pa/Lycra dtex 78/78 

 Conductive yarn – Shieldex, dtex 117, 3 ply 

 Elastic yarn  

 snap buttons  

 Embroidery needles  

Polyamide was chosen as the main material due to its properties of being lightweight, 
having high strength, high abrasion resistant and well suited for knitting (Kadholph 
2017). Polyamide has high durability which is important for the half glove consid-
ering how it’s going to be used. The fabric must stand pulling, washing and rough 
handling of the product. Combine with the Lycra that adds elasticity to fit tighter 
around the arm the material reached the desired feel and properties. The plating of 
the Lycra results in the polyamide being placed on the surface to give a soft feel. 
Furthermore, polyamide is resistant to chemicals and mildew which is suitable for a 
HWD. 

In the program, a mitten style with open thumb and open palm was chosen resulting 
in a glove with no fingers according to participants input from the FGD. Shaping 
glove was used to make a tighter glove to increase the skin contact between the elec-
trode and the skin. All parameters like length, width and shape were decided after 
experimenting in the machine and producing multiple samples. Table 5 presents the 
samples made from the first one to the final one. The structure used was plain knit 
and it was knitted in a tube, with no seams. The first sample turned out to be too 
small, so adjustments were made where needed to fit. Table 6 presents the final pa-
rameters used in the program and Figure 12 presents a screenshot from the knitting 
scheme. One change that was made in the final prototype was that the thumb was 
changed from a 3D thumb to a side thumb. The reason for this was that the pattern 
for the 3D thumb limited the placement of the electrodes in the palm. See difference 
of thumb from sample 2 and 4 in table 5. 
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Table 6 Presentation of the sample development of the half glove. The parameters were ad-
justed in the program after each sample. 

Sample no.  Photo of sample  
1 

 
2 

 
3 
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4 

 
5 

 
 

Table 7 All final parameters used to knit the final sample. These were adjusted after each 
sample until the right ones were found. 

 Horizontal direction size Vertical direction size  
 Num, of 

stiches  
cm Num, of 

stitches  
Cm  

4 finger palm  46 9.0 80 13.1 
Thumb 19 3.7 24 4.3 
5 finger palm  63 12.4 46 7.5 
Shaping part  47 9.2 244 40.0 
Shaping part (nar-
rowing amount) 

0 0.0 0 0.0 

Cuff 65 12.8 16 2.6 
 

The reference electrode was placed on the bone on the outside of the wrist since the 
reference electrode should be placed on an inactive tissue like bones or tendons (Her-
mens, Freriks, Disselhorst-Klug & Rau 2000). See figure XX. The shape of the elec-
trodes was rectangular. According to Hermens, Freriks, Disselhorst-Klug & Rau 
(2020), the shape of the electrode seems to have low impact of the signal uptake. 
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Due to this, a rectangular shape was chosen since it was simple to knit in the ma-
chine. The size of the electrodes was determined based on the recommended size on 
SENIAM. The conductive area was no larger than 10mm in width. The electrodes in 
the palm are smaller due the muscle being smaller. According to Hermens, Freriks, 
Disselhorst-Klug & Rau (2020), the electrode size can be adjusted towards the size 
of the muscles. The abductor pollicis brevis (ABP), which is the targeted muscle in 
the palm is smaller than the FDS which is targeted in the forearm. Following the 
recommendations, the reference electrodes are larger than the sEMG electrodes. This 
is a first prototype which means that some parameters might not be exactly according 
to recommendations. This includes the exact placements and size of electrodes. The 
recommendations have been considered, however some factors might need further 
refinements.  

 
Figure 12 Screenshot from KnitPaint of the knit scheme. the picture shoes the palm and the 
thumb part of the half glove. (own material)  
 
When the glove was knitted, conductive yarn was embroidered on to be able to con-
nect the electrodes to the monitor. This was done by hand on the face side, and a 
zigzag stich was used to increase the elasticity to avoid too much pressure on the 
stich when stretch during use (Bubonia 2014). Lastly, snap buttons were added at 
the end of the embroidery. see figure 13 and 14 of final prototype.  
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Figure 13 Photo of final prototype. left is from the top of the hand and right is the palm. 
 

 

Figure 14 Photo of prototype 1 when worn. 
 

4.5.2 PROTOTYPE 2 - FULL SLEEVE  
The full sleeve was made using cut and sew and embroidery. Embroidery can help 
implementing a visual as well as tactile element to the sleeve, helping the user to 
position the sleeve correctly. A ribbed knitted fabric consisting of Lycra and polyes-
ter was used. The Lycra and rib construction contribute to elasticity and polyester is 
a fibre well suited for medical applications due to its high durability and easy care 
(Kadholph 2017). The embroidery was made in a Melco EMT16X machine at the 
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Swedish School of Textiles. The embroidery was made on the outside of the sleeve 
to communicate where the electrodes are placed since the actual electrode is placed 
on the inside of the sleeve. An illustrator file was made to plan the electrode place-
ment, see figure 15. This file was transferred and completed in Melco Design Shop 
Professional program. The reference electrode was marked fully to make it more 
tactile since this is placed on the elbow, however the rest of the electrodes were only 
embroidered with a border. A line that was both tactile and visual was placed on the 
front of the sleeve. This line should be aligned with the middle finger when worn. 
Furthermore, the colour blue was used for the electrode indication, green for the 
guiding and tactile elements and lastly a red “R” to indicate that the sleeve is for the 
right arm.  

 

FIGURE 15 screenshot from illustrator of the embroidery plan.  

The electrodes were placed on the inside of the sleeve using a knitted fabric from 
Shieldex. The electrode distance measuring from centre-to-centre between all elec-
trodes in the sleeve is 20mm according to SENIAM recommendation for muscles of 
the size measured (Hermens, Freriks, Disselhorst-Klug & Rau 2000). Same sugges-
tions as for prototype 1 were followed regarding electrode size and shape. The elec-
trodes were made in a rectangular shape and with the target muscle as reference. The 
placement was determined using the researchers arm as reference, placing the elec-
trodes over the muscles belly which is the highest point of the muscle. A knitted 
fabric from conductive yarn, Shieldex was used for the electrodes. They were placed 
on the inside of the sleeve following the embroidered shapes. A spacer fabric was 
placed between the main material and the conductive fabric. The spacer fabric was 
embroidered with a conductive yarn, Shieldex that was later connected to snap but-
tons on the face side of the fabric, see figure 16. When wearing the sleeve, the spacer 
will create a pressure to ensure the contact between the embroidery yarn and the 
conductive fabric. They were hand sewn in place followed by hand embroidery on 
the face side of the fabric connecting the patch to the snap button that was added 
last.  
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FIGURE 16 Left: photo of the spacer fabric under the conductive fabric on wrong side of 
the sleeve. Right: photo of face side of the sleeve showing the hand embroidery of the con-
ductive yarn. Circles are where the snap buttons are placed.   

 

When all electrodes and snap buttons were in placed the sleeve was closed with a 
flat seam to make the seam as smooth as possible. See figure 17 and 18 for final 
prototype.  

 

Figure 17 Photos of the final protype 2. Left photo shows the back of the sleeve including 
the green tactile patch for the elbow. Right photo shows the front of the sleeve including the 
green line that should be aligned with the middle finger. 
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Figure 18 Photos of full sleeve when worn. 
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5. DISCUSSION  
The aim of this study was to explore how smart textiles with biofeedback can support 
upper limb stroke rehabilitation by identifying user needs and evaluate these from a 
human centred design approach. Three main needs were found and resulted in two 
prototypes to meet these needs. One of the most significant findings, and that was 
emphasized the most by all participants was the simplicity of the technology. This 
was mentioned as the most important aspect for the user and crucial if the imple-
mentation of the technology should be successful. According to Chowdhary et.al. 
(2022), many of the digital tools available for patients to use at home are not devel-
oped to meet the needs of the patients. If the design of the technology is too compli-
cated or technically complex it might be a challenge for a patient with cognitive 
impairments to find motivation to use the technology (Morris 2023). This was clear 
from the interview with rehabilitation professionals. Many of the participants men-
tioned that some tools are opted out because of the patients do not see how some 
solutions can help them, they just see the struggle with using it. The technology ex-
plored in this report aims to enable homebased rehabilitation and looking at the re-
sults, all participants could see the relevance of this technology, provided that it is 
easy for a person with stroke to use and operate. Easy in this case means few features 
and few steps. To further meet this need, several solutions were implemented in the 
final prototype to support the user when using the technology. For example, imple-
menting a tactile element and visual instructions in app to guide the user. This could 
help the patients that have limited feel, vision or a cognitive impact. Including more 
than one sense will include more patients, making the technology suitable for a big-
ger group of stroke survivors. Another important factor considering the home-based 
rehabilitation is that the user should be able to put the textile on by themselves. A 
tight-fitting tube construction like prototype 2 does not need any additional steps to 
tighten, close or similar and with the help of both visual and tactile elements the 
electrodes will end up in the correct position to capture the targeted muscles. The 
user must be able to understand the technology which means it must be simple with 
few features and steps to include the group with cognitive impact and limited moti-
vation. Furthermore, the technology can include features that support and guides the 
user.  

The motivation to perform rehabilitation was something that also was emphasised 
by all participants. It is important that the technology should motivate the user to 
perform training/rehabilitation. All participants mentioned that a technology like the 
one presented during the interviews would motivate many patients. Not all patients, 
but since the technology includes the direct feedback, all participants expressed that 
it would be a positive tool for many of the patients as well as for the professionals. 
Including encouraging messages in the app and the possibility to show the progress 
were some findings from the interviews that would increase the motivation to per-
form rehabilitation. One main challenge among stroke patients according to the par-
ticipants was the feeling that the progress is slow. Being able to store the data in the 
app and show the patient the progress could increase the motivation and contribute 
to an effective recovery. Intense training, meaning multiple repetitions many times 
during the day have shown good rehabilitation outcomes (Hoehler, Wild, de Crignis, 
Jahn & Krewer 2023). This support the development of a technology that is easily 
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accessible as well as encouraging to motivate the patient to perform one more repe-
tition or maybe looking forward to one more training session. The motivation to 
perform rehabilitation is connected to the usability of the technology and could be 
increased if the technology is developed with the stroke patients’ needs in mind. 
Again, the findings from this study supports the statements by Chowdhary et.al. 
(2022), that the technology must consider the users ability to use it. This is especially 
important since the technology is intended to be used both in clinic and in home-
based training without any assistance from healthcare professionals.  

The findings from the analysis supports the HCD approach and emphasises why it 
is important to include the users and consider their needs. Otherwise, there is a risk 
that the motivation towards rehabilitation decreases which will affect the outcome 
and the recovery (Cramer et.al. 2019). Including the professionals, which are the 
secondary users was valuable for this study. Stroke patients are a group of patients 
with a high variation between individuals, something that was clear both from pre-
vious research and from the interviews. This supports including the professionals 
which have a wide experience of meeting many different patients with many differ-
ent issues. Including primary users would require a higher number of participants to 
achieve the width of perspective. The primary users are of course also important, 
and in this study, it would be interesting to include them in the next step to refine the 
technology even more. 

Making it possible for people to manage their health at home could reduce cost for 
the healthcare as well as increasing the life quality for individuals (Chowdhary et.al. 
2022). Involving the professionals in the design process could help to develop a 
technology and meets the users’ needs to increase the user satisfaction and imple-
mentation. Implementing the different levels of fidelity prototypes, especially the 
low-mid level in early stages helped to find many solutions due to the participants 
having the opportunity to think quite freely (McElroy 2017). Finding strategies for 
home-based care and rehabilitation is important in a society where the aging popu-
lation is increasing (MacEira-Elvira, Popa, Schmid & Hummel 2019). Developing a 
technology that is both effective in recovery and that meets the users’ needs of usa-
bility could contribute to a more recourse efficient rehabilitation (MacEira-Elvira, 
Popa, Schmid & Hummel 2019). Both in terms of time and money. The supervised 
rehabilitation sessions could be decreased and replaced to some extent with home-
based rehabilitation resulting in less hospital visits (Bravo & Muñoz 2022; Wanqing, 
Heye, Pirbhulal, Mukhopadh-yay & Yuan-Ting 2015). Furthermore, hospital visits 
caused by falls or mental health issues as consequences of stroke could also be de-
creased with an effective recovery (Wang et.al 2024). The technology could support 
both healthcare professionals and the patient in several ways. This was clear from 
the interview where the participants were positive towards the technology saving 
data that could show the rehabilitation journey. Furthermore, the technology could 
potentially contribute to a higher life quality for stroke patients were the freedom 
increases with a higher function in upper limb (Zhao et.al. 2022). With this said, both 
social and economic sustainability could be covered by this technology.  

Another finding from this study is that a rehabilitation tool that targets a functional 
movement is helpful in rehabilitation and to increase the motivation. The Smart-
Sleeve focuses on the flex and extend of the wrist which is not really simulating a 
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functional movement. Flexing and extending the fingers, however, could help a per-
son with stroke to grab and release objects. For example, a glass of water or putting 
on a sock. Prototype 1 targeting the fingers could help with grip which contributes 
to more freedom and a higher quality life were the person can be more independent 
and less dependent on assistance (Zhao et.al. 2022). Prototype 2 targeting both fore-
arm and upper arm, can enable more complex movements and broaden the rehabili-
tation possibilities. Since this full sleeve includes more electrodes, it provides the 
opportunity to customise the rehabilitation depending on what the patients’ goals 
are. The problem among stroke patients can vary a lot and a personalised rehabilita-
tion plan is important to meet the needs of each patient (Korzeniewska, Krawczyk, 
Mróz, Wyszyńska, & Zawiślak 2020). Having the opportunity to train different mus-
cles and movement in the same product could include a bigger group that could use 
the technology.  

One challenge is to communicate the muscle activity in the app. The current solution 
for the SmartSleeve show two bars, one for flex and one for extend. The full sleeve 
would have to show four bars since it also includes biceps and triceps. Communi-
cating all the different signals from the sEMG in a clear and simple way so that the 
user can understand is crucial for the usability of the technology. In this study, the 
app has not been the focus, however some important aspects were found. Only the 
most crucial information should be included, and the UI elements should be clear 
and minimal. With this said, a game or some kind of other similar solution could 
potentially require higher demands on the user when it comes to process information 
(Ibrahim, Cahyadi, Aziz, Shamil & Clemente Lauretti 2024). This is something that 
many stroke survivors struggle with and considering this, the simple bars would be 
enough to motivate most patients, especially in the acute and subacute phase. The 
new technology could be used during several stages of rehabilitation which broadens 
the area of use for the technology. A patient in the acute phase compared to a person 
in the chronic phase might have different needs and different level of both function 
in the upper limb as well as cognitive ability (Majumder 2024). The suggested design 
of the app where the patient version is very basic and the therapist version is more 
detailed and has the possibility to share more information with the patient could help 
include the patients in the chronic phase. A patient with higher cognitive ability 
might need the more detailed version to stay motivated to perform rehabilitation. 
With this said, the adaptability in the app would help meet the needs of more patients. 
Furthermore, a technology that can be implemented in early stages of stroke could 
help start the rehabilitation of upper limb as early as possible. One participant men-
tioned that usually upper limb is not prioritised in the very first stage which might 
affect the final rehabilitation outcome. This statement supports the development of 
a technology with users’ need in mind. A simple and motivating technology could 
be implemented early in the rehabilitation plan to increase the rehabilitation outcome 
and in the long run, decrease the cost for the healthcare while increasing the life 
quality for individuals.  

From a sustainability perspective, the level of integration of the electrodes is of rel-
evance. Two different levels of integration were used in the two final prototypes to 
show that one could integrate textile electrodes in different ways. For prototype 1 
targeting the fingers, a seamless integration was used where the conductive yarn was 
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integrated in the production of the fabric, in this case knitting. A seamless integration 
does not require a second production step which saves both time and resources in 
production (Guo, Sandsjö, Ortiz-Catalan, & Skrifvars 2020). Furthermore, it makes 
the electrodes fixed in the textile compared to a coating for example which is added 
on the textile. For the second prototype, the full sleeve embroidery and sewing was 
used to integrate the textile electrodes. This is integrated into the textile since the 
conductive material has been penetrating the textile for it to stay fixed. This level of 
integration does require an additional production step, however it is a flexible 
method that enables integration of electrodes to already-made textiles or garment. 
For prototype 2 it was convenient with the add into since the prototype was made 
using the authors arm as reference and it included a total of 9 electrodes. The recy-
clability and end of life of smart textiles is an increasing concern since the market 
for smart textiles is growing (Tadesse, Abate, Felix Lübben & Rauch 2025). The 
incorporation of conductive materials and electronic parts makes the recycling of 
materials a challenge since most textile recycling techniques is not developed for 
smart textiles. The level of integration, however, could impact the level of recycla-
bility. The integrated into level, like the sewing or embroidery in prototype 2 could 
be detached from the textile fabric and in that way separated to then recycle (Dulal 
et.al. 2022). However, the seamless integration could, as already mentioned reduce 
the production steps and the production time which would save resources in the pro-
cess (Guo, Sandsjö, Ortiz-Catalan, & Skrifvars 2020). The level of integration must 
also consider the end use and performance of the final product.  

The suggestions from SENIAM were used to position the electrodes and deter-mine 
their shape and size. These suggestions, however, are based on conventional elec-
trodes and not textile electrodes. The behaviour of the different types of electrodes 
should be considered and a collective compilation regarding textile electrodes is not 
available. With the increasing interest in smart textiles in healthcare settings, more 
regulations and guidance regarding textile electrodes is needed. To do this, research 
on shape, size, placement and material is needed to determine what works the best 
for textile electrode and to determine if there is a significant difference between con-
ventional sEMG and textile sEMG as they are different in their character (Guo, 
Sandsjö, Ortiz-Catalan & Skrifvars 2020). The characteristic of the textile electrodes 
is very important for a successful integration of the technology. With this said, this 
should be explored further to develop the technology even more before integration 
in the healthcare.  

One limitation with this study is the number of participants. Six interviews were 
conducted which gave sufficient data considering the scope of this study, however 
more respondents would have given a higher reliability and validity (Säfsten & Gus-
tavsson 2019). For this study, one FGD was enough to develop a refined prototype, 
however one more could have strengthened the choices made, alternatively added 
more valuable suggestion for the final prototypes. Another limitation was the avail-
ability of machines to produce the prototypes. Ideally the whole electrodes in proto-
type 1 including the lines leading to the snap button would have been knitted in the 
machine. However, the machine available only had six carriers which was enough 
for the squares of the electrodes but had not capacity to knit the lines. The rest of the 
electrodes were added by hand using embroidery. This would not be an effective 
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method in production but the result from this study shows that a seamless integration 
is possible if another machine with more carriers would be used.  
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6. CONCLUSION  
The human centred design approach emphasizes the importance of including the us-
ers in the development of a technology aimed for a healthcare setting. The insights 
from the rehabilitation professionals created a bridge between the technology and 
the users by identifying the users need. Furthermore, the analysis from this study 
resulted in three main needs which were (1) that the technology should be easy to 
understand and use, (2) the technology should motivate the users to perform rehabil-
itation and (3) the technology should include functional movements or multiple elec-
trodes. The three main needs help no answer the first research question: What are 
the main needs of users of a wearable textile device using biofeedback for stroke 
rehabilitation? The study resulted in two final prototypes that met the needs, dis-
cussed in a focus group with rehabilitation professionals. The first prototype targets 
the rehabilitation of hand and fingers. This was requested by the participants since 
the grip and release function of the hand is very helpful in everyday tasks. The sec-
ond prototype was a full sleeve including electrodes in both forearm and upper arm 
to enable a wider range of rehabilitations tasks. These prototypes help to answer the 
second research question: What rehabilitations tasks in stroke rehabilitation, focus-
ing on upper limb, could be helped by a wearable textile device using biofeedback? 

The technology presented in this study aims to enable a motivating rehabilitation 
that could be performed in a home environment. To answer the third research ques-
tion: What characteristics in a wearable textile device with biofeedback are im-
portant for a successful integration in stroke rehabilitation? It is clear that a tech-
nology that is developed with the users’ needs will increase the chances of a suc-
cessful integration. In this study it was found that adding features to help and guide 
the user would be helpful as well being able to see the real time muscle activity in 
an app. This could increase the motivation to perform training and would enable 
training at home This is possible due to the sEMG textile electrodes that are incor-
porated in the main construction, either seamlessly or added into the main material. 
The technology could potentially decrease the resources needed and save time and 
money in stroke rehabilitation. The technology also aims to increase the overall qual-
ity of life for stroke survivors and increase the motivation to perform rehabilitation 
within clinic and at home. To further address the third research question, to success-
fully integrate the technology, further research must be done on the characteristics 
of textile sEMG electrodes compared to conventional ones.  

  



 

60 
 

7. FUTURE RESEARCH  
For future research, the final concepts should be evaluated by the users to find po-
tential refinements. For the scope of this project, another round of evaluation was 
not possible however according to the HCD approach the users should continue to 
stay involved. Their involvement in the process is important as this study shows. A 
refined prototype that is even more detailed should be made to improve the functions 
of the prototypes. Preferably a knitted one without seams and with the whole inte-
grated electrode. The next step in the product development is to test them in clinic 
by patients together with rehabilitation professionals. This is important to evaluate 
the final usability of the product.  

Furthermore, it would be interesting to experiment with different shape, sizes, ma-
terials, positions and implementation methods of the sEMG electrode to determine 
which one has best function. This would not only be interesting for the solutions 
presented in this article but for the development of textile electrodes in various ap-
plications, especially considering the increase interest in smart textiles in the medical 
field.  

One last area of further research is to develop the software and the app to further 
meet the needs of the users. Furthermore, to establish what tasks and activities to 
perform in rehabilitation when using the products.  
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Appendix I.   
This interview guide presented below is translated from Swedish to English in 
google translator. The interview guide was initially in Swedish since this was the 
language which the interviews was conducted in.  

Semi-structured Interview Guide  

Before recording: 

Thank you for agreeing to participate in this interview. The purpose of the interview 
is to get your opinions as a professional in stroke rehabilitation in order to develop a 
textile product for stroke rehabilitation.  

I would like to emphasize that there are no right or wrong answers, we are interested 
in your experiences and honest opinions. Participation is completely voluntary. The 
interview will take about 40 minutes to an hour. With your permission, I would like 
to record the audio of the interview so as not to miss anything important that is said. 
All recorded and documented data will be handled confidentially and be anonymous. 
This means that the raw data (which is anonymous) will only be shared within the 
research team and will not be linked to you as a respondent, neither in the data nor 
in my report. As mentioned, participation is completely voluntary and you can with-
draw your consent at any time for any reason.  

Do you have any questions or would you like me to explain anything further? If not, 
is it okay for me to start recording? 

START 

• How are you today? / How was the weekend? / How has the day/week been so far?  

 

Background (also linked to individual FIT) 

• Can you tell us about your profession and connection to stroke rehabilitation?  

• What types of rehabilitation are currently available for stroke rehabilitation?  

• If we focus on the hand and arm, what do these look like? (both activities and aids) 

o (if biofeedback is not mentioned) Do you currently use biofeedback in rehabili-
tation and in what way? 

• What aids are currently available for stroke survivors when it comes to making 
everyday life/everyday tasks easier?  

o For example, putting on clothes? Grasping objects?  

• What do you think are the biggest challenges for stroke patients when it comes to 
rehabilitating hand and arm mobility?  
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o For example, access to aids? Motivation for rehabilitation?  

DEMO of product and app (Show film after description) 

Product Description:  

SmartSleeve is a product developed for rehabilitation of stroke survivors and reha-
bilitation of hand and arm function. It uses biofeedback and the purpose of the prod-
uct is to enable rehabilitation at home and make rehabilitation easier for patients.  

Smartsleeve is a knitted tube and has textile electrodes that measure muscle activity 
in the arm via biofeedback during rehabilitation exercises. This information about 
the muscle activity is then displayed in real time in an app that can be downloaded 
to the mobile phone. One advantage of biofeedback, as you probably already know, 
is that in the early stages of rehabilitation it can sense even very low muscle activity. 
Even when it is difficult to feel and see if anything is even happening. The electrodes 
pick up these signals that we do not see, because even if it feels like nothing is hap-
pening, it actually is. If the patient can then see on their phone that, well, something 
is actually happening. And this time maybe even a little more than yesterday when I 
was sitting and training, so this can increase motivation.  

The following interview will focus on your opinion as a therapist/researcher working 
in stroke rehabilitation. As already mentioned, I am interested in your insights as a 
professional as it is for product development purposes that this study and interview 
are done so your honest and sincere opinions and your knowledge are very valuable. 

Linked to "Individual FIT” 

• After demonstrating the current product, what do you think about this product? 
What is your first impression?  

o Do you think a product like this could help stroke patients in their rehabili-
tation?  

o Do you see any difficulties/challenges? (How could these be solved?)  
o Do you see any advantages? Is there anything that you think should really 

be included in a similar product?  

• If we focus on putting on and taking off the existing product, how do you think a 
person with a stroke would experience it? 

o Do you have any suggestions for another design/construction that would im-
prove this product and make it easier for a person with a stroke to use it? 

o What factors do you think are most important for this type of product? 

 

Linked “Task FIT” 

• Based on your experience, what factors are most important in motivating patients 
to continue with their rehabilitation programs?  
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• You mentioned earlier when we talked about current forms of rehabilitation that 
there are e.g. X and Y, could these be done in a product with biofeedback?  

o Would a product like the one I demonstrated facilitate rehabilitation? Any 
specific function, design or similar that would facilitate? 

• This product focuses on the forearm and hand; bent ankle, closed hand (flex/extend 
of ankle). What other conditions could benefit from a textile product with biofeed-
back?  

o What does rehabilitation look like for this condition? (Which muscles are you try-
ing to activate? Where are the electrodes placed?)  

• Depending on what the answer is: 

o What needs does the user have? Which are most important to fulfill?  
o What are the most important features? (e.g. comfort, simplicity, etc.)  
o How could this product be constructed/designed? 

Linked to “technology FIT” 

• If you were to link the product to a virtual tool, what could this be?  

o Which current training/activities in rehabilitation could be made into a game 
or performed using an app?  

• How do you think a virtual solution can be a rewarding tool for stroke patients in 
their rehabilitation?  

o What potential challenges are there?  

• In addition to helping patients in their rehabilitation, how would such a solution 
affect your work?  

o What do you think about instructing patients to use the product themselves, 
e.g. at home? Is there anything that would have made it easier for patients to 
understand the product?  

o How would you have used such a product in your work? Could it replace an 
existing activity or would it have been a complement to an existing activity?  

• Could you have imagined implementing a textile product with biofeedback in your 
profession for stroke rehabilitation?  

Thank you. Then I would just like to take a minute and look through my notes and 
papers to make sure I didn't miss anything.  

Closing 

• Do you have anything else you would like to add? Ideas, thoughts?  

Thank you for your time and willingness to do this interview. I will end the recording 
now if there is nothing else you would like to add  
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Appendix II.  
This guide presented below is translated from Swedish to English in google transla-
tor. The guide was initially in Swedish since this was the language which the discus-
sion was conducted in.  

Focus group discussion  

Thank you all for participating in this focus group discussion. We met a few weeks 
ago and since then I have had a few more interviews and analyzed all the interviews. 
I have identified some key needs that I would like to share with you soon, these we 
will evaluate today. I have created 4 different prototypes/mockups as well as some 
mock-ups of an app. I would like to show you all the prototypes and discuss these 
key needs more with you. The prototypes are quite rough at this stage and not func-
tional, so it does not really work. The purpose of this study is to get as much infor-
mation as possible in order to develop a final, slightly more detailed prototype, so 
your feedback is very valuable.  

I would like to emphasize that there are no right or wrong answers, I am interested 
in your experiences and honest opinions. Participation is completely voluntary. The 
interview will take about 40 minutes to an hour. With your permission, I would like 
to record the audio of the interview so as not to miss anything important that is said. 
All recorded and documented data will be handled confidentially and anonymously. 
This means that the raw data (which is anonymous) will only be shared within the 
research group and will not be linked to you as a respondent, neither in the data nor 
in my report. As mentioned, participation is completely voluntary, and you can with-
draw your consent at any time and for any reason.  

Do you have any questions, or do you want me to explain anything more? If not, is 
it okay for me to start the recording? 

Demonstrate the 3 main needs:  

1. The technology should be easy to understand and use *** 

- For this need, many solutions can be found but I have chosen two main parts to 
focus on. These are putting on the product and also getting the product to sit correctly 
- elements that help the user in the correct position.  

2. The technology should motivate the user to perform training/rehabilitation. **  

- This is mainly connected to the app and I have some mock-ups that I will show 
you.  

3. The training should contain functional movements or more than one movement. *  

Show all textile prototypes:  

To start with, I want to refresh your memory and show you the SmartSleeve that we 
discussed in the last interview. (show the design features and how it works). So here 
are the four prototypes and I have combined some of the needs in these prototypes. 
Prototype A is a sleeve that covers the entire arm. Prototype B covers only the upper 



 

70 
 

part of the arm and includes the biceps and triceps. Prototype C is a larger tube that 
has Velcro to tighten. Prototype D is a half glove with electrodes in the palm. You 
can feel the prototypes, take a look and just think out loud what you think about them 
and the design. Ask me anything. 

… 

If necessary, the interviewer will demonstrate the prototypes. How to take them and 
how to use them.  

Questions to ask if they are not answered in the discussion:  

 How do you think a person with a stroke would experience taking the X 
prototype on and off?  

 How do you think a person with a stroke would experience the electrodes 
and getting them in the right place in prototype X?  

 What movements do you see as a therapist that would be possible in this 
prototype X with these electrodes? Anything you are missing?  

 What are the advantages of this technology? Disadvantages?  

 Prototype A and B, which do you prefer and why? One long or two short 
ones?  

 Prototype C, is there any other solution you see to make the big stocking 
tighter?  

 Prototype D, what is important to consider with this technology?  

 What design features or functions do you think would benefit rehabilitation 
the most? 

Prototypes – app:  

Printed illustrations of each ”screenshot” is put on the table. 1a and 1b is discussed 
first.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ᓝᓞᓟ	EMBARGOED	CONTENT	ᓝᓞᓟ 
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1a                                                              1b 

  

This is the first page the user sees when they open the app and this is the second.  

 What are your initial thoughts on these screenshots?  

 Would features like this be helpful to users?  

 Given that the user is a person with a stroke, could something be changed to 
make it easier to understand?  

 Are the illustrations helpful? Is the text helpful? 
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2a                                                           2b                                                                                                                  

  

  

2c                                                          2d 
These images are suggestions for how the app could look when used by the user 
during a workout. As you can see, we have bars that work in the same way as pre-
sented during the first interview. The black arrows show the selected goal, for ex-
ample 60% and 40% in image 3. When the user can perform at this level, the bar 
turns green as in images 3 and 4. A message is then shown to the user. Image five 
shows a message that appears during the session when the user has not yet reached 
their goal. Image 6 is after the workout.  
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 What is your first thought about these features?  

 Which message do you think is best for the intended user, looking at the 
design? Why?  

 Do you think the message should also come with a sound?  

 Should this be optional?  

 Is there any other way to motivate the user using the app?  

Conclusion:  

 What do you think about the user's ability to use the technology inde-
pendently (textile+product)?  
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Appendix III.  
Presented below is the coding scheme for the 6 semi structured interviews made in the first phase. The interview was made in Swedish and the relevant quotes 
have been translated to English.  

FITT – analysis  

*The new technology is the technology and concept of the prototype demonstrated in the interview (smartsleeve).  

** functions meaning design features or details on the physical product or the software/app. For example, a function on the textile product could be a marking 
that guides the user in correct positioning and a function of the app could be user interface.  

Main themes  Sub-themes  Explanation sub-themes Participant 
no. 

Citation  

Background  Individual  General patient motivation towards re-
habilitation. Expressed by rehabilita-
tion professionals.  

P3 A motivated patient, for example, has a much greater 
chance of recovering than someone who is not moti-
vated. 

P3 Because it might be so simple that we are not moti-
vated to use it and therefore the patient is not because 
we do not sound so positive. 

P3 We work a lot with goals here. And that's what we 
see, well, what is motivating the patients. 

P1 I experience that they are quite frustrated that so little 
is happening. Because it takes quite a long time to get 
a hand working... The frustration over that it doesn't 
turn out fully recovered. 

P6  …That it is important that the patient can see the pro-
gress. 
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Task Task and activities that are performed 
in current rehabilitation.  

P1  Pick marbles and pick different objects. Sit and turn 
your hand. But it can also be to use a mobile phone, 
or it can be, yes, video games where you use your fin-
gers as well. 

P4  We don't just train activity. We also train to improve 
function, so just sit like this and then you do repeti-
tions. 

P4 Pick sticks and we have balls and throw stuff and 
throw pea bags and throw darts. And depending on 
hand function, it can be lit matches, tying shoes, flip-
ping a pancake, braiding. 

P5 Throw a ball, catch something, move something. Use 
your arm when you are on the toilet or washing as 
well.   

P5 It can be such things as drinking from a glass, brush-
ing your teeth, washing your hands, if we discuss such 
functional movements, putting on a sweater. 

P5 You have your arm in the ground. So you are sitting 
on a couch or yes something bigger, could be the bed 
too. And then you have your arm straight. And then 
you have it, it is at your bum. the hand. And then you 
bend and stretch the elbow to create control both on 
the elbow and the shoulder. 

P6 That is something that we work with daily, the direct 
feedback towards the patient. 

P6  Mirror therapy for example, that can be used for hand 
and arm. 
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P6  We have a bicycle for hand and arm that one could 
train with. 

Technology  General factors that influence the reha-
bilitation and the implementation of 
new technologies.  

P3  These patients are quite unique... It differs a lot from 
each individual. So you have to constantly find what 
works for the individual you have in front of you. 

P5 It's the fact that you start so late with the arm and hand 
training... Can be different things that affect it, but I 
think that one difficulty is that you get started too late 
and then maybe the neuroplasticity is lower as well. 

P6 It differs a lot from each patient, depending on like, 
what part of the function that is affected. 

Preconditions Outside factors that affect the use of the 
new technology. Environment, tech-
nical or physical preconditions that the 
patients have 

P2 You might end up in a situation where you have a pa-
tient who has a bit of spasticity... The ability to open 
the hand can be very difficult, because it is much eas-
ier to close. Take your fingers down but then they 
don't come out again. 

P3 Biofeedback assumes that you have some initial ac-
tivity to get it to move. 

P3 The problem is, as I said, that they (the muscles in the 
forearm) are just above and below each other... I 
know that we have tested it with an NMES instead of 
trying to fine-tune and separate fingers and wrist and 
it has not been so easy for us 

P5 If you want to get both flexition and extension of 
wrist in the same movement, you have to sit up, sit at 
a table where you can also have your wrist outside or 
put up so that you can do both movements. So it re-
quires some practical things. 
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Individual  Patients’ motivation to 
use the new technol-
ogy*.  

Professionals’ opinion on how the pa-
tient would experience the new tech-
nology and their motivation and will-
ingness to use it.  

P1 This could be a motivational booster. If there is func-
tion, it is very positive to be able to, like, when you 
look, here! There is some function. It's worth fighting 
for it. 

P1 There are many people who would think it was fun, I 
believe. 

P1 So that it feels a bit fun, that you may not think about 
that you are training. 

P2 Absolutely, yes it would have been helpful. And yes, 
especially for those patients who are a bit competitive 
or that you want something to fight for or something 
like that. 

P3 I actually think that many people would be more mo-
tivated by being able to compete a bit. 

P4 Yes, but especially with patients who may have diffi-
culties with motivation and that they get direct feed-
back of the movement, visually on such a scale. 

P4 And I think that can definitely be great for people like, 
that you might do an extra repetition because you can 
see and get this visual feedback from the bar. 

P4 And especially now in our society that is becoming 
more and more digitized, I think that the generation 
that comes now will ask for a digital input in rehabil-
itation.   

P5 Both in the early and late stages, it could be very ex-
citing for the patient to see that yes, but I do some-
thing even though you don't think you're doing any-
thing. I think that would be very stimulating for the 
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patient and for the therapist that you know that you 
are doing the right movement, of course.   

P5 Yes, over time it is that you see progress, I believe. 
And this product, then it's both progress that you can 
see how much you raise or lower yourself on these 
bars. It might be more fun to do something that you 
can see visually than just moving your arm. 

P5 The product could also work for those who have a bit 
more function so that you can stimulate the last... 
There it could be motivating, like if you are at 70%, 
and you should go up to 100%. Because the problem 
here is that the patient often experience that they have 
quite good function and that it works well and then 
the motivation is, it can be a problem. 

Professionals’ motiva-
tion to use the new 
technology.  

Professionals’ statements on their mo-
tivation and willingness to use the new 
technology in their work.  

P1 I always think it's exciting... with Technology, the 
digital and so on. I think that is very exciting and very 
fun. 

P2 We don't work with technology in that way. It's a bit 
of a shame. 

P3 Then I like the idea of a little gamification that yes, 
you have a bar, try to get the bar green and so on. 

P3 Yes, it's always exciting to find new things as well. 
Because that's the way it is, you have to have your 
battery of possible treatment options because they are 
individuals, and some things appeal to these patients 
but not them and so on. 
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P3  Because the patients doesn’t think it worth the trouble 
to struggle with a apparatus to just get that infor-
mation that we can give by just feeling with our fin-
gers…maybe its the fact that we are not motivated 
and therefore the patients aren’t because we doesn’t 
sound that positive.  

P4 I absolutely believe that this app and the sock can fa-
cilitate rehabilitation, perhaps especially in the acute 
or subacute stage of the first six months-a year after a 
stroke. 

P6 I can see the relevance for this product in stroke reha-
bilitation. I mean we do work a lot with different kind 
of feedback. 

P6 There are quite a lot of technologies within stroke re-
habilitation that we don’t have here at the hospital. 
That is a shame. I think its very interesting, especially 
with direct feedback. 

Patients’ ability to use 
the new technology.  

Expressed by rehabilitation profession-
als. Could the patient use the new tech-
nology considering their physical and 
cognitive abilities.  

P1 Many people have cognitive difficulties too... So it 
probably needs to be very basic, as well as very sim-
ple. 

P1 … It can be a body half that doesn't work, for exam-
ple, but it can also be fatigue. 

P1 Well, if the people are going to use it by themselves 
at home... You need to have the cognitive ability to 
be able to handle it. 

P2 Most patients, not all, but many have a cognitive im-
pact and then, it's good if you can make it easier for 
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them to use it then, because otherwise it kind of won't 
happen. 

P3 They usually have a very hard time getting dressed 
because the clothes get stuck, yes in the bend so to 
say. And then it might be that you have difficulty per-
ceiving your weak side. 

P4 Because there are patients who can understand lift up 
and lift down, but they have difficulty logging in with 
a password and managing touch screens and apps. 

P6 Some patients that have cognitive impairments or ne-
glect for example, they might have difficulties in tak-
ing in the feedback that me as a physiotherapist would 
understand. 

P6 …some that gets aphasia have a hard time to interpret 
numbers and so on and also to read. So that would be 
a challenge, how to include this group. 

Task  Using and operating 
the new technology 

How easy the product is to use, both the 
textile product and the app/software. 
Wearability,  

P1 It didn't feel like it was that complicated because I 
think it could be more difficult if there were too many 
steps. 

P1 Felt very easy. It's harder to put on a sock I think than 
to put this on.  (The Smartsleeve) 

P2 It needs to be simple... But of course, many people 
may have relatives or others who can help. 

P2 No, but putting on and taking off I don't think, most 
people can probably handle that. If you have like, yes, 
the attention to your weak hand or so. 

P2  Well, it shouldn’t get too messy or so, very concrete 
I think. 
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P3  I think it should be easy to put on and take off, it 
should be easy to start and activate it. And it should 
be easy to understand how it works. 

P3 The first thing is, well, the opportunity for patients to 
put it on... And many also have relatives who can help 
in the worst case. 

P3  Yes, few buttons. Few instructions, few possible er-
rors as well. There shouldn't be three buttons, there 
should only be one. Press Start. 

P3 Yes, but bars are good from that perspective as it is 
simple. If you are going to add more parameters, it 
places higher demands on the patients. 

P4 Yes, but because it was open on both sides, it was not 
with fingers and so on. So it's probably relatively easy 
for most people, I would think. 

P4  It should be easy, and it should be manageable. Yes, 
remove unnecessary information and make it easy 
and simple. 

P4 Yes, but to wash it. I think that we have a lot of pa-
tients and the things that we use in fabric become kind 
of personal because it has to be able to be cleaned. So, 
in that case, you have to prescribe a sock for each pa-
tient... It must be possible to wash at 60 degrees. 

P5 It would probably be to get it on and off... But there it 
will probably be a challenge... But this particular 
thing with flaccid palsy will be difficult for the patient 
to take on, I think that can be very difficult. 
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P5 It's more to put it on, physically I think, I can see that 
as a challenge. Not what it looks like and such, that 
was very well instructed I believe. 

P6 It looked quite simple but of course for some patient 
it might some difficulties… maybe that you need as-
sistance to get it on. But I believe that most patient 
would be able to do it by themselves. 

Functions** textile 
product 

Thought and ideas on design features 
or details on the textile product. Both 
statements on current design that 
should be kept and suggestions on ad-
ditional features.  

P2 Convenient and it doesn't take up much space, it's just 
to fold it up. 

P2 I think that was extremely clear and good, the big 
patch there and the line there. That is good to keep. 
Absolutely. So that it is clear and simple because it 
needs to be as simple as possible. 

P3 Yes, I can feel it, but whether you can get a standard 
sleeve to fit and look for, then it will probably have to 
be quite a lot of finesse in where you can place the 
reading of signals as well. 

P3 … something that is tactile... It was a blue line. But 
maybe that it is also tactile, like you can feel it by 
putting your fingers on it and know that no, but there, 
there it is and there is where I want it. Same thing with 
the elbow that it somehow sticks out and becomes 
more tactile so that you can feel the difference in that 
square that should be on the elbow so that I can feel 
it. 

P4 Well, it's a training tool so it doesn't have to look nice 
but, it doesn't hurt if it's a little, well what can you say 
a little futuristic... Just to make the product look a bit 
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nicer, I would have made it black... Because white is 
hard to keep clean. 

P4 Yes, but everyone has different lengths of forearms of 
course, so it will be a bit difficult. But only to make it 
easier for it to end up in the right position. That the 
thumb has a hole that is, yes, but it is a guideline. 
Where am I going, where am I going to get my thumb 
in. 

P5 (factors that indicate placements) Yes, I think that is 
crucial for getting stimuli in the right way or getting 
the measurements in the right way. 

P6 But for many it might be the easiest to just pull it on. 
That might be individual. But I was thinking some 
kind of Velcro, that you can have it open, put your 
hand over and then just fold with the other hand.   

P6 It makes it more user friendly, both patients and for 
me as a physiotherapist that is almost makes it diffi-
cult to do wrong when you have some guidelines to 
follow. 

Functions app  Thought and ideas on design features 
or details on the app/software. Both 
statements on current design that 
should be kept and suggestions on ad-
ditional features. 

P1 Maybe there would be two different versions, one for 
the healthcare staff, like professionals and one for the 
patient, and then you just press ON. 

P3 So, if I, for example, want to train to activate only the 
index finger and middle finger for example, I also 
want to get a wrong signal that, well, but now all mus-
cles or like the whole muscle are activated and I only 
want to activate parts of it or so. 
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P3 Many of the different types of EMG or electromyog-
raphy you can listen to. And then you can kind of get 
a sound when you activate the muscle and then it's 
quiet when it relaxes. 

P3 Yes, usually it is good to have more stimuli. So, more 
senses to stimulate so just seeing a graph is one thing, 
but then you have to be able to interpret a graph or a 
diagram or things like that, while a sound is pretty 
basic. It sounds, then its right. It's quiet, it's not right.  

P4 Maybe that you could save training results…yes if 
you could be able to show some statistics. 

P5 I've worked a bit with virtual reality games for people 
with strokes and they must be very simple and clean. 
It can't be like a normal game... that has a lot of infor-
mation because it doesn't work so well when you have 
brain fatigue and brain damage. 

P5 But on the other hand, that you get points, that you 
can beat yourself, that you can get better, see the de-
velopment and so on or that you can play against 
someone else... I'm thinking that if this app has a 
sound when you reach your 70% or whatever it may 
be, it will ring or give a star... Or after 10 repetitions, 
Hurray! you did good or something... yes something 
that motivates, yes exactly and counts how many 
times you have trained. 

P5 That you get some words, “continue like this”, or 
maybe after the end of the training session, “now your 
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data is sent to your physiotherapist”, “you have com-
pleted your training perfectly” or ”well done!” 

P5 You could get a graph maybe that on Monday you did 
this. Now it's Monday again and then you did this 
much... So that it can be optional whether to have it 
visible or not because it is not very stimulating to see 
that you did not have any motor skills for a long time. 

P5 Maybe it's when you start the app that it comes up, 
then you should check, “Have you put it in the right 
place?”  Tick yes. 

P5 The app might be able to remind you... Have you done 
your training?... And when you're done, maybe the 
app can have the function that - do you want to send 
to your therapist, or do you not want to send your 
data? 

Additional functions 
for the new technology  

Suggested design features or ideas for 
the new technology that the rehabilita-
tion professionals believe would be 
good.  

P1 No, but maybe if you could work more with the grip... 
You could get your fingers in some way. 

P1 But maybe it is if you developed a little more well, 
further down as well, not only the wrist but that you 
can measure all the activities in the whole forearm. 

P2 Then it's probably this, grab and let go maybe or move 
the hand in different directions or something like that. 

P4  When you dorsal flex, use the flexors, that it might be 
that part of the sock, then that top part can be green 
and then the bottom part can be red and then the feed-
back on the screen is also the same, now I use the 
green muscles and now I use the red muscles. To sim-
plify more. 
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P4 I thought about how it felt a bit simple, that it was 
only two movements. That you can have all the direc-
tions that the hand can be angled to... ulnar and radial 
deviation. 

P4 We have some such digital assessment instruments, 
such as iPad. It is a big part that you should be able to 
compare with the patient's enrolment status, to com-
pare the enrolment status and the discharge status... It 
would have been valuable to be able to measure how 
high the patient got on the first session and compare 
it with the discharge status and see the improvement 
curve. 

P5 Flexion and extension of the fingers is of course also 
important... extension of the fingers you want to get 
early in the process... Then they often have better de-
velopment of motor function. 

P5 So if you would imagine a product that has a longer 
sock, up here also then on biceps and triceps... Then 
it would still be possible to make more than one 
movement. 

P5 And another thing that they have a hard time with. It's 
supinating and it's bending up the palm, so it's easier 
to bend down. 

P6 It would be interesting with something further up on 
the arm…it could be biceps maybe for flexion and 
also deltoideus, that one is active in many movements 
of the upper arm. 
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P6 This flexion movement, front and back, that would 
have been interesting. That you drag the elbow front 
and back… yes, a bit like a saw-movement, like if you 
where to saw. 

Technology  Implementation in 
clinic  

Factors affecting the implementation of 
the new technology in current care 
chain and clinics.  

P1  It's that you put an NMES and see if it works. It 
doesn't always work because there is too little, no sig-
nal. And this technology could be that you test as a 
first step. Is there any activity? Yes there is, then it's 
worth going forward and continue or start training. 

P1  Yes, I think the municipality, or the health centres 
would perhaps benefit greatly from it. 

P3 And then maybe it's the case that here at the clinic it's 
like, it's going to replace my hand as a therapist. That 
the patient should not need me to understand that 
something is happening, but you can see it on the 
screen. 

P4 Well, it would be to get occupational therapists to per-
suade their managers to buy it. 

P4 I believe that rehabilitation medicine departments in 
Sweden can benefit from this product. 

P5 Then I would probably have used it as a complement 
to existing training when you should focus on arm and 
hand training. As I imagine that the patients who need 
this would have quite low, at that stage I mean now 
they would have a low level of endurance. 

P5  Yes, exactly, the logistic part. And who is responsi-
ble?  It is the patient who gets this home or is it us 
who are in hospital or should every health center have 
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one that you can train with, or do we lend it out?... 
Yes, in the care chain, because the patients will not 
remain in hospital, they will move. 

Implementation at 
home  

Factors affecting the implementation of 
the new technology in home environ-
ment.  

P4 But I think both that you can train together, in hospital 
or at day rehab or neurorehab. But I also think that 
there are patients who could sit at home and train. 

P2 But if you want to reach as many people as possible, 
it should be as simple as possible. Yes, easy to handle 
and easy to use. 
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Appendix IV.   
Presented below is the coding scheme for the Focus group discussion. The discussion was made in Swedish and the relevant quotes have been translated to 
English.  

Min themes – needs  Subthemes  Participant  Citation  
The technology should be easy to un-
derstand and use *** 

The technology should be easy for the 
user to get on and off the arm/hand 

P1 Spontaneously, I think that when you use electrodes they 
always glide of and its difficult to  get them to stay in 
place… so the glove is awesome.  

P3 I would like to say that it was quite easy to get on and of 
(prototype D) 

P2 Yes since you have the thumb there, so it ends up in the right 
place (prototype D) 

P3 I would say that is good as it is now…it is clean and not 
anything to be confused by (prototype D) 

P2 (Prototype D) No but very clear how to put it on. Easy to 
put on.  

P3 I would like to say that this one would be tricky to apply 
(prototype C). Even if it is easier to get on I the initial step 
I would say that it is difficult to get everything in the right 
place.  

P1 But if it would be attached in, let’s say four places and there 
is a ring in the middle so when you pull the ring, everything 
is tightened at the same time instead of pulling one at a time 
(prototype C) 

P2 But in that case you have troubles in most cases and then 
you might already have help and assistance in your every 
day life.  

ᓝᓞᓟ	EMBARGOED	CONTENT	ᓝᓞᓟ 

ᓝᓞᓟ	EMBARGOED	CONTENT	ᓝᓞᓟ 
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The technology should guide the user 
in correct placement of electrodes.  

P2 Yes absolutely, it is good with something there so that you 
can feel because I mean it’s not easy with a stroke arm. Its 
not easy to turn and fold. (prototype A) 

P3 (Prototype A) I like these tactile elements on prototype A. 
especially on the elbow…because the line there on the upper 
side of the forearm you will be able to see anyways but the 
elbow none of them will be able to see. So, a tactile element 
there that you can feel and get it in the right spot that is fan-
tastic. Very important.  

P1 There it has been a problem. It has been difficult to get it to 
work and I believe that this could be a solution that would 
make it easier (Prototype D). It’s not as difficult to get the 
others right (refers to prototype A,B and C) 

P3 Exactly, I believe that it is very good to have especially in 
the beginning. Yes, in the beginning so that you really can 
check. But either that it is optional so that you can skip it 
totally or that it is quick and easy to just click through. 
(screenshot 1a and 1b) 

P3  I don’t think that more options are needed, because that 
might be messy. Two options, even if both are visual, one 
text and one illustration. That is good! (screenshot 1a and 
1b)  

Design of the app to make it under-
standable for the user 

P3 A very clear sectioning so that it is clear…so that it is not 
just four bars.  

P1 …One view for the patients and one where we can go in a 
bit deeper as professionals…because the patients might not 
need all of the bars, they need the more simple…They can 
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have the option to add more if they want but I the first step 
they need the most basic.   

P3 But it should be optional (sound in the app) and more like 
an alternative to the bars. Optional or not at all.  

The technology should motivate the 
user to perform training/rehabilita-
tion. ** 

The app supports motivation, both that 
is fun bot also motivation because it is 
understandable.   

P2 But this is very good and clear. I can not think of any ways 
to make it better. It is simple and good…And things like that 
is not bad, to ease it up (the motivating messages, prototype 
2a-c) 

P3 And I like that the colour changes so that it is red until you 
have reached your goal and then it turned green. Then its 
very clear and you don’t have to remember what you goal 
is, you can just see it. (prototype 2a-c) 

P3 I believe that these messages that pops up actually is moti-
vating. For those that would like that I believe that it would 
be very motivating. It a bit of gamification. Yes, that I be-
lieve is very good and I like that the colour shifts so that it 
is clear when you have reached your goal.  

P3 But to be able to go back and follow the progress. Because 
that is something that many of our patients struggle with to 
remember. That last week I could not do this but this week 
I can.  

P1 The feeling many times is that the progress is very slow and 
that nothing is happening. So this could really motivate and 
show that, yes but it has changes.  

P1 One negative aspect could be that when you don’t reach to 
that arrow, you can get a bit depressed that you could not 
reach. I did my best but it wasn’t enough, today again.  
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P2 No but I think that it can be bothering (with a sound in the 
app). It depends on the patient of course but if it is a men-
tally exhausted person, I believe that it would be distraction 
from the training.  

P3 But then we have many people who are well functioning and 
can handle their everyday life and work and so on…then it 
would be great…it’s the same people who would really like 
these kinds of things and get motivated.  

The training should include func-
tional movements or more than one 
movement. * 

 P3 I am thinking about the thumb, the thumb-part is very valu-
able…and that is usually a grip that we practice a lot in the 
beginning (the thumb)  

P3 I like the idea that you can connect several, because it is both 
flex and extend of and then the  bicep and tricep as well.  

P1 If you want to be able to perform activities, you usually need 
more than just being able to lift you wrist… 

P3 (Prototype D) One thing that we work a lot with is the grip 
between thumb and index finger and that would be a bit dif-
ficult to make I believe…index finger is quite challenging 
to distinguish and the disadvantage would be that we would 
have to work with the muscles up on you forearm…so 
maybe if you would have just a individual electrode below 
the arm fold and then that would not have to be in the 
glove…alternatively that toy have a glove that goas all the 
way up here on the arm.  

P2 Because if you would include the index finger then you 
would be able to grab something…The thumb and little fin-
ger is not that useful in the everyday life while this thumb 
and index finger is very important.  

ᓝᓞᓟ	EMBARGOED	CONTENT	ᓝᓞᓟ 
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Appendix V.   
Below is the informed consent provided and signed by researcher and participant 
before initial interview.  

INFORMED CONSENT FORM 

Smart textiles for stroke rehabilitation. Report no. 2025-15-01 

Principal Investigator: Saga Ingerholt 

Institution: University of Borås  

Contact Information: Saga@ingerholt.se 0725428637 

Summary and Purpose of the Study 

You are invited to participate in a Master thesis study. The purpose of this study is 
to explore how smart textiles with biofeedback can support upper limb stroke reha-
bilitation by identifying user needs through interviews with rehabilitation profes-
sionals. Based on the insights from interviews, a prototype will be developed. The 
study also aims to evaluate the usability of the prototype with professionals working 
in stroke rehabilitation. The project will be based on previous research made at The 
Swedish School of Textiles that have resulted in the product SmartSleeve. Smart-
Sleeve is a knitted sleeve with textile electrodes that measures muscle activity from 
the under arm. It uses biofeedback to communicate the muscle activity to the user 
via an app that can be downloaded to a smartphone. The product enables home based 
rehabilitation to increase the recovery. The product is still in the product develop-
ment phase. 

What Participation Involves 

If you agree to participate in this study, you will: 

1. Complete a one-to-one interview in Swedish (if preferred) with the re-
searcher, ca 45 min to 1 hour.  

2. Potentially complete an additional focus group interview with other profes-
sionals, led by the researcher.  

3. You are asked to provide feedback and honest opinions to contribute to prod-
uct development.  

The interview will preferably be conducted during week 8-10 (17-07/3 2025) and 
the focus group session during week 15-16 (07-18/04-2025). 

Voluntary Participation 

Participation in this study is entirely voluntary. You may choose not to participate 
or to withdraw at any time. You are asked to sign this document to leave your consent 
to the following:  

1. Audio recording of interview and focus group session.  
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If you want to withdraw your consent you can contact the student (saga@inger-
holt.se) or the main supervisor Li (Li.guo@hb.se).  

Anonymity and Confidentiality 

All data collected during the study will be anonymized to protect your identity. Data 
documentation will be stored securely and analyzed with anonymity, no names will 
be used in the documentation of data or recordings. No individual data will be re-
ported or shared outside the research team. The recordings and transcripts will be 
deleted after the thesis is examined and approved.  

Benefits and Risks 

 Benefits: By participating, you will contribute to research that aims to im-
prove the possibility of home-based rehabilitation for stroke survivors. Fur-
thermore, the project aims to develop a product that potentially could im-
prove the rehabilitation outcome and with that, the overall quality of life for 
stroke survivors. The research might result in valuable findings for future 
research that could contribute to innovative products that could benefit indi-
viduals and society.  

 Risks: There are no anticipated risks associated with participating in this 
study. However, if you experience any discomfort, you are free to withdraw 
without any consequences. 

Use of Data 

The data collected will be used for a report in the course Master Thesis Project in 
Technical Textile Innovation. Raw data will only be shared withing the research 
team. All data will be anonymous and handled confidentially throughout the project.  

Contact Information 

As a participant in this study, you will have the opportunity to ask questions and get 
them answered before the interview and signing of this document. You may decide 
to sign after your questions have been answered or concerns clarified. If you have 
any questions about this study or your rights as a participant, please contact: 

Saga Ingerholt 

 Email: saga@ingerholt.se 

 phone number: 0725428637  

Li Guo (supervisor) 

 Li.guo@hb.se  

Consent Statement 

By signing below, you confirm that you have read and understood the information 
provided above. You voluntarily agree to participate in this study and understand 
that you can withdraw at any time without penalty. 
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Participant Name: ___________ ______________________ 

Participant Signature: _________________________________ 

Date: _________________________________ 

Researcher Name: __________Saga Ingerholt____________ 

Researcher Signature: _________________________________ 

Date: _________________________________  



 

 



 
 


