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Agrip

Markmid: Markmid doktorsverkefnisins voru ad: (1) lysa faerni og adstaeedum
einstaklinga sem bula i heimahdisum 1-2 arum eftir ad hafa fengid fyrsta
heilaslag, & grundvelli alpjéda flokkunarkerfisins ICF um feerni, fétlun og
heilsu og med aherslu & moégulegan mun & milli einstaklinga i premur
aldurshépum, (2) lysa proun a teeknibinadinum ActivABLES sem midar ad
pvi ad auka patttoku einstaklinga sem hafa fengid heilaslag i markvissum
heimaaefingum og daglegri hreyfingu og (3) meta fysileika ActivABLES med
pbvi ad ryna i &aseettanleika, eftirspurn, Gtbunad og hentugleika
teeknibdnadarins.

Adferdir: bversnidskénnun & landsvisu par sem upplysingar um mdégulega
péatttakendur komu Ur sjukraskram um pa sem hoféu verid lagdir inn med
sjukdémsgreininguna heilaslag i fyrsta sinn & timabilinu 1.april 2016 —
31.mars 2017. Utilokunarskilyrdi voru buseta & hjukrunarheimili, vitreen
skerding samkvaemt sjukdémsgreiningu, islenska kennitélu vantar og buseta
erlendis. batttakendur voru 114 (56,2% patttokuhlutfall), 50% karlar, a
aldrinum 27-94 é&ra (71,6+12,9 &ra) og ur premur aldurshopum: 75 ara og
eldri (n=51), 65-74 ara (n=34) og yngri en 65 &ra (n=29). Konnunin
samanstdd af spurningum um heilsufar, feerni (likamsstarfsemi, athafnir og
patttéku) og adsteedur (persénubundnar og umhverfistengdar) asamt tveimur
stédludum spurningalistum; Maeelistiku um ahrif heilaslags (SIS) og
Spurningalista um vidhorf til eefinga (BREQ-2). bréun ActivABLES var byggo
a personumidadri nalgun og likani um préun og mat & margpétta ihlutunum
fra Medical Research Council i Bretlandi. Blandad snid var notad til ad
rannsaka fysileika ActivABLES med tiu einstaklingum (55-79 ara) sem hoféu
fengid heilaslag og notudu sex frumgerdir af teeknibinadinum til sefinga og
hreyfingar yfir fjogurra vikna timabil med adstod adstandenda. Jafnveegi,
hreyfifaerni og feerni handa var metin med stédludum maelitaekjum fyrir og eftir
timabilid, dagleg hreyfing var metin med hreyfimeelum og pétttakendur skraddu
notkun og athugasemdir i dagbok. I lokin voru tekin half-st6dlud vidtél vid
patttakendur og adstandendur. Vid pemagreiningu vidtalsgagna var tekid tillit
til fjdgurra patta fysileika; aseettanleika, krafna, Gtbunadar og hentugleika.
Megindleg og eigindleg gégn voru sidan sameinud og greint hvort nidurstodur
voru samhljoma.

Nidurstddur: Nidurstodur kdnnunarinnar syndu margbreytilegt og flokid
samspil faerni og adsteedna hja patttakendum. Algengasta einkennid strax i
kjolfar heilaslags var skerding & jafnveegi. Vid samanburd a feerni og
adsteedum milli aldurshépa kom fram munur en einnig likindi & milli hopa.



Elsti hépurinn hafdi meiri fjdlkvilla, notadi frekar gdnguhjalpartaeki og siour
snjallteeki en yngri héparnir. Jafnframt fékk elsti hdpurinn faerri stig en yngri
héparnir i pattum i SIS-spurningalistanum sem lita ad athéfnum dagslegs lifs
og hreyfanleika. brounarferli ActivABLES skiladi sex frumgerdum sem voru
profadar i fysileikarannsokninni: (1) ActivFOAM fyrir jafnveegiseefingar, (2)
WalkingSTARR til ad yta undir géngu, (3) ActivBALL til ad sefa faerni handa
og efri Gtlima, (4) ActivSTICKS til ad eefa feerni efri atlima, og (5) ActivLAMP
og (6) ActivTREE sem veittu endurgjof i formi ljoss eftir pvi sem
patttakandanum midadi afram i heimasefingum og hreyfingu. ActivFOAM,
ActivBALL og ActivSTICKS voru oll tengd vid spjaldtdlvu sem syndi
efingarnar. baer fjorar frumgerdir sem voru til eefinga og pjalfunar voru
tengdar vio ActivLAMP eda ActivTREE sem veittu sjénraena endurgjéf um
magn eefinga og hreyfingar. Stillingar voru einstaklingsmidadar og einfalt var
ao breyta radleggingum um timalengd og/eda fjdlda endurtekninga fyrir
videigandi stignun. | fysileikarannsokninni komu fram baetingar i stodludum
meelingum ad lokinni fjogurra vikna notkun og hreyfimeelar syndu meiri
likamlega virkni. Greining & nidurstédum fyrir hvern patt fysileika leiddi i ljos
eftirfarandi pemu: (1) asaettanleiki: pakklaeti, meiri faerni, frumkvaedi i virkni
og moguleg notkun fyrir einstaklinga sem munu fa heilaslag i framtidinni; (2)
eftirspurn: raunveruleg notkun, ahugi a frekari notkun og porf fyrir eftirfylgd;
(3) utbunadur: mikilveegi endurgjafar, fidlbreytni i aefingu og framgangur i
efingum; og (4) hentugleiki: porf 4 adstod og teeknileg vandkveedi.
Megindlegar og eigindlegar nidurstddur voru mjog samhljoma og studdu vel
vid fysileika ActivABLES.

Alyktun: Petta verkefni er gott deemi um hvernig nyta ma alpjodlega
flokkunarkerfi ICF fyrir heildraena lysingu & feerni og adstaeedum akvedins
héps af einstaklingum og hvernig préa ma teeknibliinad tengdan snjallteekjum
fyrir einstaklinga sem hafa fengid heilaslag fyrir markvissar heimaeefingar og
daglegra hreyfingu. Fysileiki ActivABLES fyrir einstaklinga sem hafa fengid
heilaslag rennir stodum undir mikilveegi teeknibtnadar i endurhaefingu pessa
hops og kallar & frekari rannséknir i steerri hépum til ad fullvinna
teekniblinadinn og koma honum & markad. Frekari rannséknir a faerni og
adsteedum eldri einstaklinga eru einnig naudsynlegar til ad syna fram & pa
stadreynd ad endurhaefing einstaklinga eftir heilaslag parf ad vera fjdlbreytt
og einstaklingsmidud.

Lykiloro: mat & fotlun, endurhaefing eftir heilaslag, teekniblnadur,
eefingamedferd, oldrun



Abstract

Aims: The aims of this thesis were: (1) to describe functioning and contextual
factors of community-dwelling stroke survivors 1-2 years after their first
stroke, based on the International Classification of Functioning, Disability and
Health (ICF) with focus on potential differences between age-groups, (2) to
describe the process of developing ActivABLES, which aims to increase
home-based therapeutic exercise and daily physical activity among stroke
survivors, and (3) to investigate the feasibility of ActivABLES in terms of
acceptability, demand, implementation and practicality.

Methods: A cross-sectional national survey was used to collect data.
Potential participants were identified through registries from the two main
hospitals in Iceland and included community-dwelling stroke survivors who
had been admitted with their first stroke 1-2 years earlier. Exclusion criteria
included living in nursing homes, diagnosis of dementia, not having an
Icelandic national insurance number and living abroad. Participants were 114
(56.2% response rate), 50% men, 27 to 94 years old (71.6+12.9 years), and
categorized into the age-groups: =75 years(n=51), 65-74 years (n=34) and
<65 years (n=29). They answered questions on health, functioning (body
function, activities, participation) and contextual factors (environmental,
personal) along with two standardized questionnaires, the Stroke Impact
Scale (SIS) and the Behavioural Regulation Exercise Questionnaire-2
(BREQ-2). The process of developing ActivABLES was guided by principles
of human-centred design and the Medical Research Council framework for
development and evaluation of complex interventions. A mixed methods
design was utilized to test the feasibility of ActivABLES among ten stroke
survivors (55—-79 years) who used six prototypes for four weeks with support
from their informal caregivers. Data collection included measures on balance,
mobility and hand function before and after the four-week period, along with
adherence diaries and motion detectors. Semi-structured interviews were
conducted with the stroke survivors and their caregivers after the four-week
period. Themes were identified related to four domains of feasibility:
acceptability, demand, implementation and practicality. Data was integrated
by examining any (dis)congruence in the quantitative and qualitative findings.

Results: The results from the cross-sectional survey revealed a complex and
informative pattern of functioning and contextual factors in the lives of



community-dwelling stroke survivors, where the most common symptom
immediately after the stroke was balance impairments. Some differences and
similarities in functioning and contextual factors were found between the age-
groups. The oldest participants reported more comorbidities, used more
walking devices and fewer smart devices than both younger groups. In the
SIS, the oldest participants had lower scores than both younger groups in the
domains of activities of daily living and mobility. The development of
ActivABLES resulted in six prototypes which were tested in the feasibility
study: (1) ActivFOAM for balance exercises, (2) WalkingSTARR to facilitate
walking, (3) ActivBALL for hand exercises, (4) ActivSTICKS for upper arm
exercises, and (5) ActivLAMP and (6) ActivTREE which both give visual
feedback on progress of exercise and physical activity. ActivFOAM,
ActivBALL and ActivSTICKS were all connected to a tablet which gave
exercise instructions. All the exercise prototypes could be connected to
ActivLAMP and ActivTREE to give feedback on the magnitude of exercise.
Settings could be individualised and recommended in daily time and/or
repetition could easily be progressed to match higher activity levels. In the
feasibility study, improvements in functional measures were shown after the
four-week use and more physical activity was detected with motion detectors.
The themes identified from the interviews for each feasibility domain were: (1)
acceptability: appreciation, functional improvements, self-initiated activities
and expressed potential use for future stroke survivors; (2) demand: reported
use, interest in further use and need for follow-up; (3) implementation:
importance of feedback, variety of exercises and progression of exercises;
and (4) practicality: need for support and technical problems. The quantitative
and qualitative findings converged well with each other and supported the
feasibility of ActivABLES.

Conclusion: This thesis is a good example of how the international language
of ICF can be used to holistically describe functioning and contextual factors
of a population and how a technical application can be developed and used
by stroke survivors to increase exercise and physical activity. Our results
show that stroke survivors are highly capable of using ActivABLES in
community rehabilitation. Future research should focus on further studies in
larger samples to prepare full development and marketing of ActivABLES.
Thereby, it is important to focus on heterogeneity among older stroke
survivors and the fact that they need person-centred rehabilitation but not
“one fit for all”.

Keywords: disability evaluation, stroke rehabilitation, technology, exercise
therapy, aging
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1 Introduction

1.1 Stroke

The human brain (Figure 1) is a magnificent organ that makes people
physically and intellectually active. This spongy organ gets its nutrition
through flow of blood like any other organ of the body. A stroke occurs when
this blood flow is disrupted, either by an occlusion in the arteries or a rupture
of an artery and a bleeding into the brain tissue (Sacco et al., 2013). Stroke is
one of the main reasons for chronic disability and death in the Western world
(Feigin et al., 2014).
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Figure 1. Drawing of the human brain.

A stroke causes impairments in the brain function and can lead to
permanent damage of the brain tissue. A stroke is a very heterogenous
condition, and the stroke impact on the health and functioning of an individual
depends on the size and location of the impairment and/or damage in the
brain (Warlow et al., 2003). Stroke survivors often report an increase in
disability and lowered quality of life after a stroke (Robinson & Jorge, 2016;
Ayerbe et al., 2013; Hackett & Pickles 2014). They are confronted with a
broad range of disabilities which may include paralysis of one side of the
body, eating and swallowing difficulties, depression and cognition or
communication problems. Recovery from a stroke is very individual but is
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usually more rapid in the acute stage of the disease than in the chronic phase
(Miller et al., 2010). Individuals who survive from a first stroke have an
increased risk for a recurrent stroke over the general population (Mohan et
al., 2011).

According to the Global Burden of Disease 2010 study, the global
incidence of stroke was estimated 258/100,000 per year with significantly
lower incidence in high-income countries, or 217/100,000 (Béjot et al., 2016).
The incidence of stroke is expected to rise in the coming years, due to higher
age of the population as well as from lifestyle behaviour. The number of
individuals surviving a stroke is also expected to rise due to better medical
treatment and less severe strokes (Wafa et al., 2020). Still, in Iceland, the
incidence of stroke was 144 per 100,000 inhabitants in 2008 (Hilmarsson et
al., 2013) which is considerably lower than the international numbers. No
study has been conducted on community-dwelling individuals in Iceland who
have had a stroke and there is a lack of knowledge on their functioning and
disability.

1.2 Community-dwelling stroke survivors and the
International Classification of Functioning, Disability
and Health

The majority of stroke survivors are discharged to their homes after
hospitalization and/or inpatient rehabilitation (Mathisen et al., 2017), with
different levels of disability. Chronic disability after stroke affects individuals in
many different ways. Some stroke survivors have none or minor disability and
are independent in activities of daily living (ADLs), whereas others have
severe disability and are dependent on others with ADLs for the rest of their
life (Miller et al., 2010). Stroke is associated with a wide range of individual
disability and is considered to be the most common cause of complex
impairments in functioning (Adamson et al., 2004). Functioning and disability
of an individual are results of the interaction between the health condition of
the person and their environment. Thus, daily functioning of stroke survivors
is reflected by the interplay between their health condition and contextual
factors. The International Classification of Functioning, Disability and Health
(ICF) is a biopsychosocial framework published by the World Health
Organization (WHO, 2002) which addresses functioning and chronic disability
in a holistic way and can thus be used to describe the health and health-
related state of individuals as well as a population. The ICF framework covers
all major dimensions of functioning and disability including body functions and
structures, activities and participation as well as contextual factors of
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environmental and personal factors. By using the ICF framework,
impairments in body functions and structures along with limitations in
activities and restrictions in participation are identified.

To facilitate a systematic and comprehensive description of functioning
and disability for different health conditions, ICF Core Sets have been
developed (Bickenbach et al., 2012). The ICF Core Set for stroke includes
130 categories (Figure 2); 46 for body structure (s) and body function (b), 51
for activities and participation (d) and 33 for environmental factors (e) (Geyh
et al., 2004).

v Functionlng v
Body structure (5)

+ s1 Structures of the nervous system (1)

s4 of the i i and
respiratory systems (1)
- s7 Structures related to movements (3)

Activities & participation (51)

+ d1 Leamning and applying knowledge (7)
* d2 General tasks and demands (4)

Body function (41) - d3 Communication (8)

+ b1 Mental functions (15)

b2 Sensory functions and pain (6) M — . 3; g:l?—!:’;yre(}g))
= b3 Voice and speech function (3) + dé Domestic life (3)
+ b4 Functions of the cardiovascular, hematological, . d7 i i and i ips (4)
immunological and respiratory systems (4) « d8 Major life areas (5)
+ b5 Functions of the digestive, metabolic and endocrine + 49 Community, social and civic life (2)
systems (2)
+ b6 Genitourinary and reproductive functions (2)
. b7 and lated functions (9)
‘ Contextual factors ‘

Environmental factors (33)

+ e1 Products and technology (8)
* @2 Natural environment and human- Personal factors
made changes to the environment (1)

*+ Not classified within the ICF

+ 3 Support and relationships (7)
- ed Attitudes (7)
+ 5 Services, systems and policies (10)

Figure 2. Components and chapters of the Core Set for stroke presented using the
ICF framework.

The letters b, s, d and e represent the different components and the numbers within
the brackets show the number of categories within each ICF component.

1.2.1 Contextual factors of community-dwelling stroke survivors

Contextual factors of the ICF framework include personal and environmental
factors which represent the complete background of an individual’s life and
living (WHO, 2001). These factors may affect functioning of an individual
either in a positive way as facilitators or in a negative way as barriers.

1.2.1.1 Personal factors

Personal factors represent factors that can influence functioning and how
disability is experienced by the individual (WHO, 2001). These factors are not
represented in ICF and have not been classified and coded, mainly because
of large societal and cultural variance and lack of clarity in the scope of these
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factors (WHO, 2013). In this thesis, examples of personal factors include age
and experience of falls.

Older age can be described as a personal factor that affects functioning
as a barrier. Age-related changes in physical, cognitive, personal and
psychosocial function affect the health and functioning of each individual and
people often experience more barriers as they grow older (Feldman et al.,
2019). Consequently, older stroke survivors may be more challenged than
younger ones with stroke-related impairments in addition to age-related
disability. Approximately 75% of people who suffer from stroke are older than
65 years, although the incidence among younger people has been increasing
(Roger et al., 2012; George et al., 2017). In the Western world, 65 years of
age is often defined as old age and many researches use 65 years as a cut-
off point for old age. According to gerontological research, the population of
individuals older than 65 years old is very heterogenetic, with different
functioning and social roles (Hooyman & Kiyak, 2014a; Hooyman & Kiyak,
2014b). Based on increased life expectancy, functional independence and
more employment among older people, there has been a call for changing
the definition of old age to 75 years of age (Orimo et al., 2006; Ouchi et al.,
2017; Pilipiec et al., 2020). Research on stroke survivors may benefit from
exploring how the cut-off point of 75 years fits the population of older stroke
survivors who are healthy enough to be community-dwelling.

Experiencing a fall is a personal factor which can influence functioning
and disability. Falls can induce fear of falling and can cause injuries both of
which can act as a barrier to functioning. Falls are frequent among individuals
within the first year after stroke. In a cohort study among community-dwelling
stroke survivors in Ireland (mean age 68.5+13.5 years), the falls incidence
was 44.5% (95% CI 35.1-53.6) and 25.6% of them had recurrent falls (95%
Cl 18.5-34.4) (Walsh et al., 2018). In two Swedish studies, 33% of stroke
survivors experienced a fall (mean age 64 +14) within one year after stroke
(Minet et al., 2015) and 40% of stroke survivors (mean age 75.6 years £11.1)
fell within the first year after stroke (Samuelsson et al.,, 2019). The personal
factor of balance self-efficacy among stroke survivors (mean age 64 years
+8.8) had significant impact on activities and participation more than six
months after a stroke (Schmid et al., 2012). Balance self-efficacy was
correlated with balance and stroke survivors with impaired balance who were
at risk of falling had more impairments in activity and participation.
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1.2.1.2 Environmental factors

Environmental factors cover the physical, social and attitudinal environment
(WHO, 2001) and are important for community-dwelling stroke survivors as
they may facilitate or hinder functioning. Because these factors are often
modifiable, it is important to reveal them to maximize functioning and improve
the quality of life of community-dwelling stroke survivors. Examples of
environmental factors that are emphasized in this thesis are health services
in the community and access to smart devices.

Health services for stroke survivors after discharge from rehabilitation
seem to vary. The CERISE study (Collaborative Evaluation in Rehabilitation
of Stroke across Europe) compared stroke care practices and their outcomes
among European centres in the United Kingdom, Switzerland, Germany and
Belgium (Schupp et al., 2012). The study showed that was the most used
follow-up service after inpatient rehabilitation at 2, 4 and 6 months in all four
countries, besides medical care from general practitioners. The authors
concluded that services provided in the community need to be better
documented to facilitate a more precise comparison of the effectiveness of
rehabilitation programmes and follow-up services. In a study conducted in
Sweden, 35% of stroke survivors were receiving outpatient rehabilitation one
year after stroke (Térnbom et al., 2017).

Simple technical applications in rehabilitation based on use of smart
devices is a growing field. Therefore, access to a smart device can give
stroke survivors opportunities to participate in technical rehabilitation
interventions. In a study conducted among community-dwelling stroke
survivors in Canada (mean age 67.6 £11.0), 64.2% of participants owned a
computer, 43.2% a cell phone, and 33% a tablet. However, of Canadian
stroke survivors of the “baby-boomer” generation (born 1946-1964), 84%
reported having a cell phone or a tablet (Bird et al., 2018).

1.2.2 Functioning of community-dwelling stroke survivors

According to the ICF framework, functioning includes body structure, body
function, activities and participation (WHO, 2001). High functioning is an
interplay with contextual facilitators and/or a good health condition while
impaired functioning is an interplay with contextual barriers and/or a bad
health condition.
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1.2.2.1 Body structure

Body structure represents anatomical parts of the body. Body structures
related to movements, the nervous system and the cardiovascular,
immunological and respiratory systems are referred to in the Core Set for
stroke (Geyh et al., 2004) (Figure 2). Stroke is caused by an impairment in a
body structure, namely the arteries in the brain, but since the aetiology of
stroke is not a part of this thesis, these categories will not be introduced
further.

1.2.2.2 Body function

Body function is the physiological aspect of the body systems. Impairments in
body function after stroke depend on the location and size of the area
affected in the brain (Warlow et al., 2003). Many stroke survivors have some
motor impairments such as hemiparesis, spasticity and impaired coordination
as well as some cognitive and psychological impairments. Balance
impairments are common in the acute phase of stroke and more that 80% of
those who had strokes had balance impairments when admitted to a hospital
(Tyson et al., 2006). In the chronic phase of stroke, fatigue is a widespread
problem among stroke survivors and estimated prevalence is 43%-57%
(Cumming et al., 2016). Depression is also common in the chronic phase and
about one-third of stroke survivors are confronted with depression (Hackett &
Pickles, 2014). These factors influence the patient’s well-being and recovery
and affect motivation for exercise and physical activity.

Motivation is a body function which can influence functioning of stroke
survivors, including participation in physical rehabilitation (Maclean et al.,
2000). Stroke survivors with high motivation are more likely to engage in
therapeutic exercise and physical activity than those with low motivation.
However, studies have shown that stroke survivors often have little
motivation and confidence in continuing with therapeutic exercise on their
own (Krishnan et al., 2017; Nicholson et al., 2013).

1.2.2.3 Activities and participation

In the ICF framework, activities include actions and tasks executed by
individuals and participation includes involvement in life situations and always
involves execution of an action or task (WHO, 2002). Therefore, WHO
presents activities and participation as a fully overlapping list. In addition to
body function, both personal and environmental factors can influence
activities and participation and can present barriers as well as facilitators
(Hoyle et al., 2012).
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Stroke can have considerable impact on how people can maintain their
activities and participation after a stroke. Stroke survivors with minimal
impairment have reported on average a 20% decrease in activity and
participation after their stroke, both in the quantity and nature of activity and
participation (Wolf et al., 2012). However, in the same study, there was not a
difference in changes in activities and participation between young (under 65
years old) and old stroke survivors (older than 65 years). In another study of
stroke survivors, where the mean age was 57 years, almost half of the stroke
survivors experienced participation impairments in physical exercise,
household tasks and outdoor activities (Van Der Zee et al., 2013). Greater
physical and cognitive independence were both significant predictors for all
types of participation and a longer time since stroke was related to more
impairments in participation.

1.3 Physical rehabilitation for community-dwelling stroke
survivors

Physical activity is important for everybody’s health, and even more
important for stroke survivors (Langhorne et al., 2011; Pollock et al., 2014).
Physical activity has been defined as “any bodily movement produced by
skeletal muscles that results in energy expenditure” (Caspersen et al., 1985).
However, exercise has been defined as “physical activity that is planned,
structured, repetitive and purposive” (Caspersen et al., 1985) and can be “a
physical activity program  that involves the client undertaking voluntary
muscle contraction and/or body movement with the aim of relieving
symptoms or improving function, or improving, retaining or slowing
deterioration of health” (Taylor et al., 2007).

No clear definition has been found for the term physical rehabilitation, but
a Cochrane review stated that “physical rehabilitation, using a mix of
components from different approaches, is effective for recovery of function
and mobility after stroke” (Pollock et al., 2014). Therapeutic exercises and
daily physical activity can be defined as physical rehabilitation, which should
be a lifelong process for stroke survivors (Teasell et al.,, 2014). However, the
prevalence of stroke survivors continuing outpatient rehabilitation is low (Go
et al., 2014). Studies have shown that 30-60 minutes training per day, five to
seven days per week, is effective to improve functional recovery after stroke
(Pollock et al., 2014). Therefore, guidelines recommend that stroke survivors
exercise their balance and do some strength and functional exercise one to
three times per week (Grimby et al., 2010). In addition, they should walk or
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do some aerobic activities for 10-60 minutes two to five times per week,
throughout life.

The importance of physical activity and physical rehabilitation emerges
where patients and members of the public have been engaged to identify
health research priorities (MacFarlane et al., 2017). The James Lind Alliance
Priority Setting Partnership (2020) including stroke survivors, caregivers and
healthcare professionals identified that treatments to improve balance, gait
and mobility, including physiotherapy and gait rehabilitation post-stroke, were
among the top ten research priorities for stroke (2020).

1.3.1 Physical activity and sedentary behaviour

It is a well-known fact that physical activity is important for cardiovascular
health and the general negative effects of sedentary behaviour on the human
body are constantly appearing in research (English et al., 2014; Fini et al.,
2017). It is not only about the total time spent in a sitting position, but also the
long continuum of sedentary behaviour which is most detrimental to health
(English et al., 2014). Factors related to physical inactivity and sedentary
behaviour are among the main risk factors of a first and a recurrent stroke
(Go et al., 2014). For stroke survivors, like healthy individuals, there is also
an increased risk of other non-communicable diseases caused by physical
inactivity (Ding et al., 2016) and sedentary behaviour (Dempsey et al., 2020).

According to a systematic review on physical activity after stroke, stroke
survivors do not meet general guidelines for physical activity and their
physical activity levels are lower than age-matched individuals who have not
had strokes (Fini et al.,, 2017). Stroke survivors are sedentary during the
majority of the day, regardless of the time since stroke. Physical ability,
however, only accounts for 6.8% of the variance in total sitting time, which
indicates that there are loads of other factors that influence the physical
inactivity and sedentary behaviour of the stroke survivors (English et al.,
2016).

1.3.2 Therapeutic exercises

Physical rehabilitation after stroke aims to aid recovery from motor as well as
cognitive and psychological impairments. During recovery, neurological
reorganisations take place in the brain which affect both physiological and
psychological aspects of the individual. Neuroplasticity in the motor control
areas of the brain is more likely to be caused by the effects of the therapeutic
exercises than spontaneous recovery of the brain (Schaechter, 2004).
Studies focusing on neurophysiological changes of the brain show that a
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considerable amount of therapeutic exercise is needed to induce neuroplastic
change and functional recovery of motor deficits resulting from stroke. In their
extensive review of research on activity-dependent neural plasticity, Kleim
and Jones (2008) suggested ten principles that might impact rehabilitation of
the neural system (Table 1). Shumway-Cook & Wollacott (2017) discussed
these principles in their book on motor control and emphasized the
importance of training new and old tasks repeatedly, with sufficient intensity
and variation at appropriate times.

Table 1. Principles of exercise impacting neuroplasticity: Implications for rehabilitation
after brain damage.

Principle Description

1. Useitorlose it Failure to drive specific brain functions can lead to functional degradation.

2. Useitandimprove it | Training that drives a specific brain function can lead to an enhancement of
that function.

3. Specificity The nature of the training experience dictates the nature of the plasticity.

4. Repetition Induction of plasticity requires sufficient repetition.

5. Intensity Induction of plasticity requires sufficient training intensity.

6. Time Different forms of plasticity occur at different times post-stroke during training.

7. Salience The training experience must be sufficiently salient to induce plasticity.

8. Age Training-induced plasticity occurs more readily in younger brains.

9. Transference Training-induced plasticity can enhance the acquisition of similar behaviours.

10. Interference Training-induced plasticity can interfere with the acquisition of other
behaviours.

Table adapted and published with permission from Dr. J.A. Kleim in November 2020.

Several reviews have been conducted investigating physical rehabilitation
approaches and their effectiveness in recovery in stroke survivors. Physical
rehabilitation has been shown to have beneficial effects on functional
recovery after stroke, but no approach has proved to be any more effective
than any other in promoting functioning of stroke survivors (Pollock et al.,
2014). Therapeutic exercises can improve functioning of stroke survivors in
all phases post-stroke and strong evidence has been found for interventions
favouring intensive high repetitive task-oriented and task-specific training in
all phases after stroke (Veerbeek et al., 2014; Thomas et al., 2017; Teasell et
al., 2020). Cardiorespiratory training and mixed training reduce disability
during or after usual stroke care by improving mobility and balance
(Saunders et al., 2013). Various clinical practice guidelines (Lindsay et al.,
2014; Hebert et al., 2016; Winstein et al., 2016) and systematic reviews
(Langhorne et al.,, 2011; Pollock et al., 2014; Veerbeek et al., 2014
Mathiowetz et al., 1985; Rensink et al., 2009) summarize the evidence of
positive effects of therapeutic exercise on the various outcomes of patients
with  stroke. According to the Canadian Stroke Best Practice
Recommendations (Teasell et al., 2020), stroke survivors with mild to
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moderate disability who are discharged early from an acute hospital unit can
be rehabilitated in the community by an interdisciplinary stroke rehabilitation
team and attain similar or superior functional outcomes when compared to
stroke survivors receiving inpatient rehabilitation. In the same guidelines, it is
concluded that home-based therapeutic exercise and physical activity
mediated by a family member or a friend (hereafter referred to as caregivers)
can improve functioning of stroke survivors.

Despite this knowledge on the importance of therapeutic exercise,
community-dwelling stroke survivors only receive a limited amount of
outpatient therapeutic exercise after inpatient rehabilitation (Teasell et al.,
2009). still, studies have shown that is the most frequently used follow-up
health service after inpatient rehabilitation, aside from medical care provided
by the general practitioner (Schupp et al.,, 2012). services, however, may
only be available for a limited amount of time per week, which does not fulfil
stroke survivors’ daily need for therapeutic exercise. Therefore, ways to
encourage this population to engage in therapeutic exercise are highly
needed.

1.3.3 Motivation for therapeutic exercise and daily physical
activity and caregivers” support

As mentioned above, stroke survivors are highly physically inactive and
engage in sedentary behaviour. Lack of motivation has been described as a
barrier for stroke survivors to engage in therapeutic exercise and daily
physical activity (Nicholson et al., 2013; Miller et al., 2017). Depression,
which is common after stroke, negatively influences stroke survivors’
recovery as they are less motivated to take part in rehabilitation (Hackett &
Pickles, 2014).

A systematic review synthesized the evidence from six studies, exploring
perceived barriers and motivators to therapeutic exercise and physical
activity after stroke (Nicholson et al., 2013). Lack of motivation was a barrier
to exercise and physical activity as well as environmental factors and health
concerns. Lack of motivation and understanding on how to incorporate daily
activities into an exercise plan have been reported as reasons for the limited
unsupervised exercise adherence of stroke survivors (Miller et al., 2017).
Social and emotional support from family members, patient-therapist
relationship, goal-setting and music are important factors that can influence
stroke survivors” level of motivation. Factors having negative impacts on their
motivation are lack of social support from family members and friends, cost of
rehabilitation, difficulty in travelling to a rehabilitation centre and lack of a

10
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caregiver who can look after them (Pyae et al.,, 2014). A qualitative study
including stroke survivors showed that personal and environmental factors
influence the motivation for exercise after stroke (Poltawski et al., 2015). The
findings suggested that enjoyment and psychological benefits may be more
effective as motivators than the prospect of increased fitness or functional
benefits, especially for those with poor motivation for exercise. Looking at
therapeutic exercise as a healthy leisure activity rather than form of treatment
may be more appealing to long-term stroke survivors and even though
exercising in a group can be motivating, some stroke survivors prefer to
exercise alone (Poltawski et al., 2015). An in-depth understanding of these
potential motivating and hindering factors is essential for rehabilitation
professionals when designing appropriate therapeutic exercise and daily
physical activity options and applications for stroke survivors.

Caregiver mediated home-based therapeutic exercise can give good
functional results (Vloothuis et al., 2016; Lee et al., 2018) and using
telerehabilitation can have a positive impact on anxiety and depression of
both the stroke survivor and the caregiver (Vloothuis et al., 2019). In addition,
caregivers are willing to be more involved in the rehabilitation process at
home if they get information on how they can support and motivate their
stroke survivor to exercise and be more physically active (Hjelle et al., 2017;
Mackenzie & Greenwood, 2012; Galvin et al., 2009). Still, the caregivers
often lack resources and need more professional support and/or supervision
to feel secure with the support they provide their family member after stroke
(Lutz & Camicia, 2016; Hafsteinsdéttir et al., 2011). Therefore, it is highly
important to come up with resources for caregivers to support stroke
survivors to be physically active and participate in home-based therapeutic
exercises.

1.4 Innovations and new technology in stroke
rehabilitation

The ways stroke survivors engage in physical rehabilitation is of central
importance for their participation in therapeutic exercise and daily physical
activity. Different approaches to motivate stroke survivors to engage in
therapeutic exercise and physical activity throughout their lives are called for.
There are indications that use of technology to facilitate therapeutic exercise
and physical activity can motivate stroke survivors to engage in physical
rehabilitation (Mirza-Babaei et al., 2014). Technical applications can offer
repetitive and challenging therapeutic exercise which are necessary for brain
plasticity and motor learning (Shumway-Cook & Woollacott, 2017; Kleim &
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Jones, 2008) as presented in Table 1. Use of technical interventions have
shown positive results for stroke survivors, including functional improvements
(Laver et al., 2015; Cheok et al., 2015). Community-dwelling stroke survivors
using technical applications at home have shown good adherence to physical
activity and therapeutic exercise (Held et al., 2018; Bower et al., 2015;
Putrino et al., 2017).

1.4.1 Technical applications for therapeutic exercise and daily
physical activity

Technical applications that can be used for therapeutic exercise and physical
activity are increasingly being developed targeting different groups, including
stroke survivors. Many rehabilitation professionals have also been pushed
into trying out some new methods during the COVID-19 pandemic (Koh &
Hoenig, 2020; Sheth et al., 2020). In studies, the definition of technical
applications in rehabilitation is very broad and interventions can include
virtual reality, computer games, E-health, telerehabilitation, robots, wearable
devices and smart devices. In a recent Cochrane review, telerehabilitation is
used as an umbrella term for “alternative method of providing rehabilitation”
(Laver et al.,, 2020). Technical applications have positive effects on
functioning and seem to have similar effects as conventional treatments
(Laver et al., 2020; Rintala et al., 2019). Results have indicated similar effects
on functioning, including ADLs, upper and lower extremities, balance,
physical activity and participation, when using technology in distance
rehabilitation compared to conventional treatments where technical
applications are not used (Rintala et al., 2019). It is important to continue to
develop technical applications that can be used to encourage therapeutic
exercise and physical activity and may affect quality of life in a positive way.

Virtual reality (VR) therapy has been defined as “technological
interventions that alter properties of the physical world” and moderate
evidence indicates positive effects of VR therapy on functioning of stroke
survivors (Lohse et al., 2014). VR interventions were effective across
domains of the ICF especially in the categories of body function and activity.
In a Cochrane review, the use of VR and interactive video gaming were found
to be beneficial in improving upper limb function and ADL function of stroke
survivors when used additionally to conventional treatments (Laver et al.,
2017). It was, however, unclear which characteristics of VR were the most
important or how long the effects lasted. Systematic reviews have supported
the theory that technical applications and use of telerehabilitation are
effective to improve functioning and have similar or better effects than
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conventional treatments (Sarfo et al.,, 2018; Laver et al.,, 2020). However,
when technical applications are added to traditional interventions, the
improvements were more due to the increased time spent in doing
therapeutic exercises, along with more repetitions (Laver et al., 2017).

1.4.2 Motivation and use of technical interventions

Motivation for physical activity and exercise is an important factor for stroke
survivors to take part in therapeutic exercise and the key to success of an
intervention is to motivate stroke survivors for continuous engagement and
accessible interfaces (Mirza-Babaei et al., 2014; Kyoungwon et al., 2014).
When designing a technical application for therapeutic exercise and daily
physical activity, it is crucial to keep in mind engagement which includes
external and internal motivational factors, and environment which includes
social context and practical challenges (Chen et al., 2019). When users are
engaged in therapeutic exercise and physical activity, they are more likely to
benefit and improve functioning. At the same time, it is important that the
environment is supportive and without technical barriers.

Many studies have been conducted on how games through technical
applications can motivate stroke survivors in performing home-based
therapeutic exercise (Kyoungwon et al., 2014; Mirza-Babaei et al., 2014;
Lohse et al., 2014). Motivational feedback seems to be the most important
factor of the technical applications to promote therapeutic exercise (Mawson
et al.,, 2016). Playing games through technical applications can motivate
stroke survivors in participating in home-based therapeutic exercise (Laver et
al., 2015; Seo et al., 2014; Alankus et al., 2010) and have been shown to be
effective in improving balance and independence of stroke survivors (Saywell
et al., 2017). A systematic review showed that it is important to combine
mental support, motivation and accessible interfaces when games are used
in order to have a positive impact on participation in therapeutic exercise and
physical activity (Mirza-Babaei et al., 2014).

A summary of design efforts in human-computer interaction and games
research emphasized accessibility, motivation and enjoyment to support
physical rehabilitation (Mirza-Babaei et al., 2014). The main results showed
that games and similar technologies have potential to provide significant
external motivation for stroke survivors. Games may help motivate stroke
survivors to perform therapeutic exercise and playing games at home can
empower stroke survivors to take ownership of their therapy since they can
play games and exercise at any time on their own terms.

13



Steinunn A. Olafsdéttir

1.4.3 Maedical Research Council framework

Most of the innovations and interventions used in healthcare nowadays are
complex, meaning there are a number of interactive components which
produce a range of different outcomes when applied to the intended target
population (Richards & Hallberg, 2015). When developing innovative
interventions to use in healthcare, including for the rehabilitation of
community-dwelling stroke survivors, it is important to follow a thorough
guidance or a framework that can help researchers to evaluate the
interventions and identify practical and methodological difficulties during the
process of developing. The Medical Research Council (MRC) framework is
useful for developing complex interventions in healthcare (Craig et al., 2008).

The MRC framework consists of four key phases (Craig et al., 2008): (1)
development which includes identification of the evidence base, development
or identification of a theory and modelling of the process and outcomes, (2)
feasibility and piloting which include testing procedures, estimation of
recruitment and retention and determination of a sample size, (3) evaluation
which includes assessing effectiveness and understanding change process,
and (4) implementation which includes dissemination and long term follow-
up. Further detailed extension on the development phase was provided by
Bleijenberg and colleagues (2018). They identified four elements in the
development phase: (1) problem identification and definition, (2)
determination of recipients & providers’ needs, (3) examination of current
practice and context, and (4) intervention design. The key phases of the MRC
framework are not necessarily linear or circular and each phase should be
repeated until the researchers are satisfied with the intervention (Craig et al.,
2008). In this way, researchers are requested to continually evaluate their
work and process.

1.5 Novelty and importance of this thesis

In this thesis two different subjects are explored that relate to the
heterogenous group of community-dwelling stroke survivors: (1) daily
functioning and contextual factors, and (2) development and feasibility of an
interactive technical application called ActivABLES to increase home-based
therapeutic exercise and daily physical activity of this population.

To come up with a successful new technical application, it is important to
know the functioning of the end-users and how they are prepared for its use,
concerning personal and environmental factors. In this thesis, therefore, a
description of community-dwelling stroke survivors™ functioning and
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contextual factors is provided. The results decrease the knowledge gap on
functioning and disability of community-dwelling stroke survivors and reveal
information on stroke survivors in different age-groups. This description is a
valuable contribution to the international literature and is well suited for
replication. National surveys among community-dwelling stroke survivors that
reflect on daily life and functioning are scarce, and our research is the first
national research conducted in Iceland on this population. The ICF
framework is used to describe stroke survivors” functioning and contextual
factors which is also a novel way to describe stroke survivors.

When developing ActivABLES, emphasis was put on addressing issues
around neuroplasticity and reorganisation of the brain, underlining repetitions
of new and old tasks, with sufficient intensity and variation at appropriate
times. Stroke survivors and their caregivers were also consulted and their
priorities around the exercise and physical activity were identified and used in
the development. For technical applications to be successful, they need to
address issues around neuroplasticity and reorganisation of the brain (Kleim
& Jones, 2008) as well as meet the needs of the users .

The results of this thesis contribute knowledge on functioning and
disability of community-dwelling stroke survivors and thereby can positively
impact individually-tailored rehabilitation services in the future. Although this
thesis is based on Icelandic reality, the use of the ICF framework, the MRC
framework and internationally recognized standardized measures adds to the
global knowledge base on community-dwelling stroke survivors. These
methods also facilitate wider interpretation and make the results highly
comparable with international studies.
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2 Aims and research questions

This thesis is based on two research projects which both concern the same
population of community-dwelling stroke survivors. The projects have
separated yet interrelated aims. The aim of the former project was to explore
the health and health-related state of this population. This was conducted by
mapping of functioning and contextual factors using ICF, including the
potential to use a technical application to motivate home-based therapeutic
exercise and daily physical activity. In the other project, the aim was to
develop ActivABLES, which is an interactive technical application to motivate
community-dwelling stroke survivors for home-based therapeutic exercise
and daily physical activity. In this thesis the process of developing
ActivABLES is described including preliminary testing and feasibility of
ActivABLES.

2.1 Specific aims
The aims of the individual studies were:

1. To use ICF to map functioning and contextual factors of community-
dwelling stroke survivors 1-2 years after their first stroke and explore
whether functioning and contextual factors of this population differ
between older-old (75 years and older), younger-old (65-74 years),
and young stroke survivors (18-65 years).

2. To describe the process of developing a technical application,
ActivABLES, which aims to increase home-based therapeutic
exercise and daily physical activity for community-dwelling stroke
survivors, with support from their caregivers.

3. To investigate the feasibility of ActivABLES in terms of acceptability,
demand, implementation and practicality.
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2.2 Research questions
The research questions were:
Paper |

e How are the health, functioning and contextual factors of stroke
survivors residing at home in Iceland, 1-2 years after first stroke?

e |s 65 years the optimal cut-off age to assess functioning and
contextual factors of community-dwelling stroke survivors?

Paper I

e How can a technical application, aiming to increase home-based
therapeutic exercise and physical activity for community-dwelling
stroke survivors, be developed with the involvement of future
users?

Paper lll

e |s ActivABLES feasible for community-dwelling stroke survivors to
use for home-based therapeutic exercise and daily physical
activity, with support from their caregivers?
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3 Materials and methods

The two research projects described in this thesis had different research
designs and separate collections of standardized measures (self-reported
and performance-based). All standardized measures and other variables
were linked to ICF. In the following subchapters, first the research designs
and mutual elements of the two projects will be described, followed by
detailed descriptions of each individual study of both research projects.

3.1 Design of research projects and use of standardized
measures

A cross-sectional design was used for a national survey to describe the
health condition, functioning and contextual factors of community-dwelling
stroke survivors 1-2 years after first stroke. The international language of the
ICF framework was used to describe body function, activities and
participation along with personal and environmental factors. In this context,
personal and environmental factors were described first, since they reflect the
main characteristics and demography of each individual. This study is
described in detail in Paper I.

For the process of developing ActivABLES, the two first phases in the
MRC framework for complex interventions were used. These phases include
(1) the development of ActivABLES, which is described in details in Paper II;
and (2) the feasibility of ActivABLES, which was tested in a mixed methods
design and is described in detail in Paper IlI.

Where applicable, the same standardized measures were used in both
research projects. The summary of the standardized measures used in this
thesis is presented in Table 2. Detailed descriptions of each measure are
found in the chapters where the methods of the survey and ActivABLES are
presented.
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Table 2. Standardized measures used in the thesis and presentation in papers.

Survey  Preliminary testing Feasibility testing

(Paper 1) (Paper Il) (Paper IlI)
Questionnaires:

SIS X Xz xa
BREQ-2 X X
ABC X X

Functional measures:
BBS X X
BBT X X
TUG X
5xSST X

SIS=Stroke Impact Scale, BREQ-2=Behavioural Regulation Exercise Questionnaire 2,
BBS= Berg Balance Scale, BBT=Box and Block Test, TUG=Timed-Up-and-Go,
ABC=Activities-specific Balance Confidence Scale, 5xSST=Five times Sit to Stand
anot presented in the papers

3.2 Linking of research variables to ICF using the Linking
Rules

The biopsychosocial model of ICF was used as a framework to map all the
research variables in this thesis and to organize the complex elements
potentially influencing functioning of community-dwelling stroke survivors.
The ICF Linking Rules (Cieza et.al, 2002) were used for this mapping of the
variables to the most appropriate ICF components of functioning and
contextual environmental factors (Figure 3). Since the contextual personal
factors have not been classified and coded, the Linking Rules can only be
used indirectly to map the personal factors variables that can influence
functioning but are not classified and coded elsewhere in ICF (Cieza et.al,
2002).
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ICD-10

Stroke
* Type of stroke (ischemic or hemorrhage)

|

ICF framework
‘ unctionlng ‘
Participation
Body function Activities + Employment status
= Main symptoms after stroke + Communication, ADL/IADL, mebility . Mt?dtufln_ansmtaﬁnn!drivhgm
- BREQ-2 for molivation of exercise — and hand function (S1S) — Uning puil ieeneportelion)
- Faligue, energy and pain o Bl + Use of smart devices
- Strength, memory and thinking, + Boxand Block Test + Physical activity

+ Memory and thinking, communication,
ADL/IADL and participation (SIS)

1 1 $
I

J Contextual factors l

emotions and communication (SIS) + Timed-Up-and-Go

Environmental factors Personal factors

+ Residence and home
+ Mode of transportation (using services
or depending on others)

+ Assistive devices & buzzer

+ Access to smart devices

+ Health care and social services

- Age & gender

« Education

+ Comorbidities

+ History of falls & fractures

+ Main symptoms immediately after the stroke

* Perceived recovery (SIS)

*  Activities-specific Balance Confidence Scale (ABC)

Figure 3. Linking of different research variables to the ICF framework.

BREQ-2=Behavioural Regulation Exercise Questionnaire 2, SIS=Stroke Impact Scale,
ADL=Activities of Daily Living, IADL=Instrumental Activities of Daily Living,
ABC=Activities-specific Balance Confidence Scale

The ICF Linking Rules were first published in 2002 (Cieza et.al, 2002) and
have been updated (Cieza et.al, 2005) and refined (Cieza et.al, 2019). The
aim of the rules is to provide a method to link health-related outcomes to the
ICF’s universal codes and thus provide a common language for researchers
and clinicals (Cieza et.al, 2002). The newest version includes ten rules
(Cieza et.al, 2019) and covers the process of linking variables to different ICF
categories and appropriate codes. In Table 3, two examples are given for the
process of linking variables in this thesis, using these ten rules.
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Table 3. Examples of the process of linking variables from the thesis to ICF.
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Some variables were complicated to link and could potentially be linked in
different ways or even addressed in more than one category. An example is
the statement on mode of transportation; | use public transportation. If the
main concept is defined as use, the outcome can be considered as activities
and participation as defined in chapter d4 on mobility: moving by changing
body position or location or by transferring from one place to another, by
carrying, moving or manipulating objects, by walking, running or climbing,
and by using various forms of transportation. The code d470 is defined as:
Using transportation to move around as a passenger, such as being driven in
a car, bus, rickshaw, jitney, pram or stroller, wheelchair, animal-powered
vehicle, private or public taxi, train, tram, subway, boat or aircraft and using
humans for transportation. If the main concept is defined as public
transportation, the outcome should be identified as an environmental factor
and defined in chapter e5 on services, systems and policies with a code for
transportation services, systems and policies (e540). With complicated
variables like this one, the identifications of the main concepts are a key to
decide on how the variable should be linked. The ICF online browser on the
WHO-website  (https://apps.who.int/classifications/icfbrowser/) and the
Icelandic version of the browser (http://skafl.is/) was used to find an
appropriate code and detailed description for each variable. This information
is also available in the original ICF publication (WHO, 2001).

According to the Core Set for stroke (Geyk et al., 2004), the variables in
this thesis cover all components of ICF except for body structure. Six of eight
chapters of body function, all chapters of activities and participation and four
of five chapters of environmental factors are covered in this thesis. In Table
4, all variables in this thesis are classified and coded with the ICF codes.
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Table 4. ICF classification and codes of all research variables.

Contextual factors Functioning
Study item Personal Environmental Body Activities and
factor factor function participation

Age X

Gender X

Place of residency e215

Residents in home e39%8

Education level x

Main symtoms immediately X

after the stroke

Current comorbidities X

Fatigue & energy b130, b455
Pain b280
Change of housing after e155

the stroke

Access in home e155

Motivation for exercise b130
Balance self-efficacy

Various background information

Experience of falls in the
last 12 months

Number of falls
Fractures from falls

Falls
o= X

Working full-time das0
Working part-time das0
Student da20
Volunteer dé55
Old age pension e570
Disability pension e570

Emplyment
[social status

Drive a car d475
Use public transport / taxi d470
Transport service for e575 d470
disabled
Depend on others for e575 d470
transport

transport

Mode of

A cane or crutches el2ld
A walker el2ld
Regular wheelchair e120
Electric wheelchair e120
A scooter e120
Other assistive devices ell1s
Personal security buzzer el1s

Assistive
devices

Access to a smart phone e130

Access to a tablet e130

Accesstoa e130

laptop/computer

Use a smart phone d360
regularly

Use a tablet regularly d360
Use a laptop/computer d360
regularly

Smart devices

In a gym/sport center d570
Group-based in a PT-clinic d570
or a day center

In a swimmingpool d570
Home-based exercises d570

activity

Physical
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Table 4. (continued).

Contextual factors Functioning
Study item Personal Environmental Body Activities and
factor factor function participation
- Physical therapy e580
@  Occupational therapy e580
S Speech therapy e580
@ Ambulant nursing @580
£ Home nursing e580
£  Social domestic e575
& Day clinic /day care @580
Fullfilled needs e580
Strength b730
Memory and thinking b114, b140, d230
b144, b160
Emotions b152
© Communication b167 d350, d360
E Activities of daily living / b525, b620 d510, d520,
@ Instrumental ADL d530, d540,
B d550, d620,
g d640
= Mobility d410, d415,
2 d450, d455
5 Hand function d430, d440,
d445
Participation d750, d760,
4850, d8ss5,
d920
Perceived recovery X
Berg Balance Scale d410, d415,
_g d420
g Box and Block Test d440
- Timed-Up-and-Go d410, d450

3.3 Survey (Paper )

The national study on community-dwelling stroke survivors had a cross-
sectional design. Participants were individuals in Iceland who had a stroke 1-
2 years earlier and the results describe functioning and contextual factors of
stroke survivors who were living in their own homes.

3.3.1 Selection of participants and ethics

To approach all individuals who had a stroke within a one-year period, a
collaboration was established with the two main hospitals in Iceland,
Landspitali — The National University Hospital of Iceland and Akureyri
Hospital, on accessing data from the hospitals” registries. Potential
participants were identified through the registries, which gave the opportunity
to approach the whole population diagnosed with stroke in Iceland in one
year. The inclusion criteria for participants were: admission to one of the two
hospitals from April 1% 2016 to March 30" 2017, with the diagnosis of a
stroke (ICD 160-164) and being at least 18 years of age at the time of the
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diagnosis (Figure 4). Excluded were stroke survivors with prior stroke
diagnosis, diagnosis of dementia (ICD FO00-FO03), without an Icelandic
identification number or living outside of Iceland and stroke survivors living in
nursing homes. Exclusion of the individuals living in nursing homes was
based on register information from the Directorate of Health. The participants
were divided into three age-groups; 75 years and older, 65-74 years and
younger than 65 years.

Individuals diagnosed with stroke (N=454)
Men (n=241), Women (n=213)
25-64 years (n=97), 65-74 years (n=94), 75-100 years (n=263)

Excluded based on registries (N=229)
. Deceased (n=83)

I Living in nursing facilities {n=34)

Diagnosis of dementia (ICD 10 FO0-F03 (n=8)
Previous diagnosis of stroke (n=82)

No Icelandic security number or living abroad (n=22)

Excluded based on phone calls after the survey was sent (N=22)
. Deceased (n=3)

s | Claimed the do not fulfil the inclusion criteria (n=14)
Live abroad (n=4)
Mot speaking Ieelandic (n=1)

Y

Stroke survivors who fulfilled the inclusion criteria (N=203)
Men (n=103), Women (n=98)
27-64 years (n=061), 65-74 years (n=58), 75-94 vears (n=584)

Figure 4. Flowchart of inclusion of participants.

The study was conducted according to the ethical principles of the
Declaration of Helsinki (World Medical Association, 2016). Permissions were
attained from the National Bioethics Committee (VSNb2017110024/03.01)
and the Icelandic Data Protection Authority (20171111625HSP/). The
information letter that was sent along with the survey, explained that
voluntary participation in the survey would serve as an informed consent.

3.3.2 Survey variables

The survey was designed to collect responses from community-dwelling
stroke survivors on their health, functioning and contextual factors. The
literature on surveys among stroke survivors was reviewed to support
selection of individual survey variables. Along with questions associated with
demographics, physical activity and use of health and social services, we
used two standardized measures; Stroke Impact Scale (SIS) (Duncan et.al,
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1999) and Behavioural Regulation Exercise Questionnaire-2 (BREQ-2)
(Markland & Tobin, 2004). In addition, a few questions were used from
existing questionnaires including a question on history of falls from the
Prevention of Falls and Injury Trial (Bruce et.al, 2017), questions on fatigue
and energy from Fatigue Assessment Scale (Cumming & Mead, 2017) and
Fatigue Severity Scale (Lerdal, 2014), and a question on pain from EuroQol-
5D (Obradovic et.al, 2013). These measures were chosen to make the
results more comparable with international studies.

The Stroke Impact Scale (SIS) is an ICF-based stroke-specific self-
reported health status measure which includes questions about impairments
caused by the stroke, how the stroke has affected quality of life and
perceived recovery from the stroke (Duncan et.al, 1999). SIS consists of
eight domains which each include a different number of items, with response
options on a five-point Likert scale: (1) the strength domain has four items on
the rate of strength in the affected extremities, rating from 5="A lot of
strength” to 1="No strength at all’; (2) the memory and thinking domain has
seven items rating from 5=“Not difficult at all’ to 1="Extremely difficult”’; (3) the
emotion domain has nine items rating from 5="None of the time” to 0="All of
the time”; (4) the communication domain has seven items rating from 5="Not
difficult at all” to 1="Extremely difficult’; (5) the activities of daily living (ADL)
and instrumental activities of daily living (IADL) domain has ten items rating
from 5=“Not difficult at all” to 1="Extremely difficult”; (6) the mobility domain
has nine items on mobility at home and in the community rating from 5="Not
difficult at all” to 1="Could not do at all”; (7) the hand function domain has five
items on hand function of the affected hand rating from 5=“Not difficult at all”
to 1=“Could not do at all’; and (8) the participation domain has eight items
rating from 5=“None of the time” to 0="All of the time”. Finally, SIS includes a
single item on perceived recovery with the response option assessed on a
scale of zero to 100%, where zero indicates no recovery and 100% full
recovery. Duncan et al. (1999) used a formula to calculate a score for each
of the domains. In the instructions for SIS, which is available on the
Rehabilitation Measures Database (https://www.sralab.org/rehabilitation-
measures/stroke-impact-scale), the following formula is suggested and was
used to calculate the transformed score of each SIS-domain. The ratings in
each domain were summed up to get the raw score. The raw score was then
transformed to a scaled score according to a formula:

Transformed score = Actual raw score - Lowest possible raw score

- x 100
Possible raw score range
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The transformed score for each domain can range from zero to 100, where
zero is an inability to complete the items and 100 means no difficulties
experienced at all. Each domain includes a different number of questions
(range 4-10) and if less than half of the questions had missing responses, the
domain score was calculated as suggested by the author, but otherwise the
domain was assigned as missing (Duncan et.al, 1999). The composite
physical domain (CPD) was created by summing the score from the domains
for strength, hand function, mobility and ADL/IADL. SIS has shown
satisfactory validity (Doyle et.al, 2007; Duncan et.al, 2002), inter-rater/intra-
rater reliability (Carod-Artal et.al, 2009), test-retest reliability (Duncan et.al,
1999; Edwards & O Connell, 2003), and internal consistency (Duncan et.al,
1999) and has been tested for use as a mailed questionnaire (Richardson
etal, 2016). SIS has recently been translated into Icelandic using a
translation/back-translation method (Behling & Law, 2000).

The Behavioural Regulation Exercise Questionnaire-2 (BREQ-2) was
used to measure motivation for exercise (Markland, 2009). It includes 19
statements about engagement in exercise, scoring on a five-point Likert scale
(0="not true for me”, 4="very true for me”). BREQ-2 is based on the self-
determination theory (SDT), which is a popular framework to assess
motivation in exercise psychology (Deci & Ryan, 2004). BREQ-2 has five
subscales: (i) amotivation indicating lack of any intention to engage in
exercise, (ii) external regulation where the individual engages in exercise only
to satisfy external pressures or get externally imposed rewards, (iii)
introjected regulation indicating self-imposed pressures to avoid guilt or
maintain self-esteem, (iv) identified regulation where the individual accepts
exercise as an important factor to achieve personally valued outcomes, and
(v) intrinsic regulation where the individual is taking part in exercise for the
enjoyment and satisfaction (Markland & Tobin, 2004). In line with SDT,
identified and intrinsic regulation address self-determination while
amotivation, external regulation and introjected regulation address non-self-
determination (Table 5). The score for each subscale is added up with the
total raw score range of the self-determination being 0-32 and the mean
range 0-8. The total raw score for the non-determination being 0-44 and the
mean range 0-11. In this thesis, the results of BREQ-2 are presented as
means for self-determination and non-self-determination. Higher scoring of
self-determination is positively linked with adaptive health behaviour while
higher scoring of non-self-determination indicates lack of intention to engage
in exercise (Wilson et.al, 2012). The psychometric properties of the BREQ-2
have been investigated in a sample of healthy people (Markland & Tobin,
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2004; Ingledew et.al, 2009) as well as in different patient groups (Milne et.al,
2008; Vancampfort et.al, 2013). BREQ-2 has been used to study regulation
of exercise in different patients group as well as of healthy individuals
(Teixeira et.al, 2012). To date, no data is available on psychometric
properties when used for stroke survivors, but the content and format support
its relevance within this population. The BREQ-2 was translated into Icelandic
using a translation/back-translation method prior to this study (Behling & Law,
2000).

Table 5. Statements of BREQ-2 in line with the self-determination theory.

Statements
c Amotivation I don't see why | should have to exercise
2 (total raw score 0-16) I can't see why | should bother exercising
s | don't see the point in exercising
£ I think exercising is a waste of time
5 External regulation | exercise because other people say | should
® (total raw score 0-16) | take part in exercise because my friends/family/partner say | should
E | exercise because others will not be pleased with me if | don't
@ | feel under pressure from my friends/family to exercise
2 Introjected regulation | feel guilty when | don't exercise
£ (total raw score 0-12) | feel ashamed when | miss an exercise session
| feel like a failure when | haven't exercised in a while
Identified regulation | value the benefits of exercise

S (total raw score 0-16) It's important to me to exercise regularly

= I think it is important to make the effort to exercise regularly
¢ c I get restless if | don’t exercise regularly
[ L A : ]
® E Intrinsic regulation | exercise because it's fun

2 (total raw score 0-16) | enjoy my exercise sessions

3 I find exercise a pleasurable activity

| get pleasure and satisfaction from participating in exercise

3.3.3 Procedure

The survey was sent to the individuals who fulfilled the inclusion criteria in the
first week of May 2018 (see Appendix 1), but, prior to sending the survey was
pilot-tested on four community-dwelling stroke survivors (47-78 years old)
who gave feedback concerning clearer wording and options for answers.
Along with the survey, the participants received an information letter where all
details were described including the purpose of the survey, information on the
researchers, and the arrangement of the survey. Permissions were declared,
anonymity was secured and voluntary participation was emphasized. To
ensure anonymity, each survey sent out had a code linked to an individual.

The University of Akureyri Research Center (RHA) administrated the
format and printing of the survey, mailing to participants and collection of
answers. A stamped envelope for return to RHA was included. RHA
monitored the participation rate and kept the researchers informed. If eligible
stroke survivors had not responded within three weeks, a researcher followed
up with a phone call and encouraged participation and offered assistance.
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Those who refused to take part were kindly asked to share the reason for
rejection. RHA also processed scanning and verification of the answers into a
data file.

3.3.4 Data analysis

The R-statistical software was used for the analysis of the results, the level of
significance was set at P<0.05 and no corrections were made for multiple
statistical tests (Perneger, 1998). Imputation was used for missing data in the
BREQ-2, using predictive mean matching (Landerman et.al, 1997). Age in
years was used to create an ordinal variable with three categories; older-old
(75 years and older), younger-old (65-74 years) and young (<65 years).
Descriptive analyses were conducted, including mean and standard deviation
for age, frequencies and proportions for the categorical variables, and
medians and range to describe continuous data for the different age-groups.
Fisher’s exact test was used for categorical variables, t-tests for participants
and non-participants and analysis of variance (ANOVA) for continuous data.
A post hoc text, TukeyHSD, was used for comparing possible age-group
pairings to explore the differences between different age-groups.

3.4 Development and feasibility of ActivABLES (Paper I
and IlI)

The purpose of ActivABLES was to motivate and support community-dwelling
stroke survivors with therapeutic exercise and daily physical activity, with
support from their caregivers. The process of developing is described in
detail in Paper Il and the feasibility study is presented in Paper lll.

ActivABLES was a NordForsk-funded collaboration project between
University of Iceland (Faculty of Nursing, Department of Physical Therapy),
Lund University in Sweden (Department of Design Sciences) and Aalto
University in Finland (Department of Computer Science).

3.4.1 Process of developing

The project started in 2015 with a qualitative study of the experience of stroke
survivors and their caregivers of facilitators and barriers for motivation for
exercising and physical activity (Dongen et.al, 2021). This study laid the
groundwork for the process of developing the complex intervention of
ActivABLES, which is described in this thesis (Figure 5).
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Figure 5. Process of developing ActivABLES.
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The phases included in this thesis on ActivABLES describe the
development and feasibility and piloting according to the MRC framework
(Figure 6) and are reported in Paper Il. The development phase included
identifying the evidence on the needs for effective therapeutic exercises and
the outcomes important for community-dwelling stroke survivors, along with
preliminary testing of prototypes and iterative development. Outcome
measures decided to emphasize with ActivABLES were balance, mobility,
body function of upper extremities and motivation for exercise and physical
activity. The designers and computer scientists made prototypes to meet
these outcome measures. The technical development was guided by the
principles of human-centred design, which emphasizes the human
perspective in all steps of the problem-solving process (Maguire, 2001).
Thus, the end-users, community-dwelling stroke survivors, their caregivers
and rehabilitation professionals were involved in the process of developing at
all times. The prototypes were introduced regularly and tested iteratively
during the development phase, in the labs, clinics and in the stroke survivors’
homes. The feasibility and piloting phase included a feasibility study, which
was conducted in the spring of 2018, among ten stroke survivors who used
six prototypes of ActivABLES in their homes for four weeks, with support from
their caregivers.

Feasibility and piloting
» Feasibility testing

= 10 stroke survivors used six
prototypes for four weeks

Development I-Evall.mtiml

* Identifying the evidence + Assessing effectiveness

* Modelling process and outcomes Understanding change process
= Tterative testing of prototypes + Assessing cost effectiveness

= Preliminary testing by seven stroke

survivors
P S 3
! Implementation I
+ Dissemination !

: * Surveillance and monitoring I
1= Long term follow-up )

Figure 6. Medical Research Council framework for ActivABLES.

3.4.2 Selection of participants and ethics

The preliminary testing, which was a step in the development phase of MRC,
and the feasibility study took place in the homes of the participants. The
preliminary testing was conducted approximately half-way through the
process and, following further modification of the prototypes, the feasibility
study was conducted.
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Participants who took part in the preliminary testing and the feasibility
study were approached through inpatient rehabilitation clinics, outpatient
clinics and Heilaheill (the Icelandic Stroke Association). Included were:
community-dwelling stroke survivors, at least 18 years of age, at least four
months since discharge from hospital or inpatient rehabilitation, with slight or
moderate impairment defined by a score of 2—3 on the Modified Rankin Scale
(Bonita & Beaglehole, 1988), no severe cognitive deficits defined by the Mini
Mental State Examination (score >24) (Folstein et.al, 1975), no severe
comorbidities or pre-existing conditions affecting function or ability to speak
and understand Icelandic. Also, included were caregivers who were at least
18 years of age and able to communicate and assist the stroke survivor.
Seven stroke survivors and six caregivers took part in the preliminary testing
and ten stroke survivors and their caregivers in the feasibility testing.

The ACctivABLES studies were conducted according to the ethical
principles of the Declaration of Helsinki (World Medical Association, 2016).
All the stroke survivors and caregivers received verbal and written
information and signed an informed consent prior to participating in the
studies. Participation was voluntary and anonymous, and participants were
informed about their rights to withdraw from the studies at any time without
any consequences. Ethical approval for the study was granted by the
National Ethics Committee of Iceland (Ref. VSNb2015110001/03.01), the
Regional Ethics Committee in Lund, Sweden (dnr 2015/678) and the City of
Helsinki, Finland (HEL 2016-002570).

3.4.3 Procedure of the preliminary testing and the feasibility
study

The preliminary testing and the feasibility study included collection of both
gquantitative and qualitative data (Figure 7). In the preliminary testing, the
baseline data was collected prior to the testing and used to describe the
functioning of the participating stroke survivors. Semi-structured interviews at
the end of the preliminary testing were used to interpret the stroke survivors’
and caregivers” experiences of testing the prototypes (see Paper Il for
detailed description). The feasibility study had a mixed methods design.
Quantitative data was collected prior to, during and after the four-week use of
the ActivABLES prototypes and qualitative data was collected with semi-
structured interviews which were conducted with each stroke survivor and
caregiver after the four-week period. The quantitative and qualitative results
were integrated to gain deeper understanding of the results (see Paper Il for
detailed description).
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‘ Preliminary testing | | F study ‘

| Purposeful sample of stroke survivors and caregivers |

‘ | Quantitative pre-measures |

Purposeful sample of stroke survivors and caregivers

‘ Quantitative measures

[ Quaniitative data
2-hour introduction of ’m 4-week use of ActivABLES —
ActivABLES prototyp uaiitative de [ quaitative data |

| Quantitative post-measures |

Qualitative interviews ‘

| Qualitative interviews |

Thematic analysis Quantitative analysis Qualitative analysis
of the qualitative data +  Descriptive *  Predetermined categories
»  Paired sample tests *  Subcategories

Interpretation Integration and Interpretation
« Understand the experiences of the stroke survivors and their caregivers of +  Enhance interpretation of the quantitative cutcome results

the 2-hour intreduction of ActivABLES *  Understand the experiences of the stroke survivors and their caregivers of
= Further development and adaptation of the needs of the stroke survivors and the 4-week use of ACtivABLES

their caregivers = Provide insight into the outcomes valued by the stroke survivors and their

caregivers

Figure 7. Diagrams of the studies on the process of developing ActivABLES.

3.4.3.1 Quantitative data

In addition to the two standardized questionnaires, SIS and BREQ-2, the
following standardized measures were used in the preliminary testing to
describe the participants and as pre- and post-measures in the feasibility
testing (Table 2).

Balance was measured with the Berg Balance Scale (BBS) (Berg et.al,
1992). BBS consists of 14 static and dynamic activities of varying difficulty
with each item giving a score of 0-4. The item scores are added up to form a
total score which can range from zero to 56, with a higher number indicating
better functional balance. Scores of 0-20 represent balance impairments, 21-
40 represent acceptable balance, and 41-56 represent good balance (Blum,
& Korner-Bitensky, 2008). Studies have shown that older individuals who
have less than 45 points are at more risk of falling (Lima et.al, 2018), but
research is needed to find a cut-off score for community-dwelling stroke
survivors. The psychometric properties of the BBS for stroke survivors show
excellent internal consistency (ICC=0.92-0.98) (Berg et.al, 1995; Blum &
Korner-Bitensky, 2008), inter-rater (ICC=0.95-0.98) /intra-rater reliability
(Berg et al., 1995; Flansbjer et al., 2012; Blum & Korner-Bitensky, 2008), and
test-retest reliability (ICC=0.98) (Flansbjer et al., 2012; Blum & Korner-
Bitensky, 2008).

General mobility was measured with the Timed Up and Go (TUG)
(Mathias et al., 1986). In TUG, the participant stands up from a chair, walks a
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distance of three meters, turns around, walks back to the chair and sits down.
The time required to perform the TUG is recorded. Podsiadlo and Richardson
(1991) presented a categorization based on scores of frail older adults in
TUG,; those who finish in less than 20 seconds tend to have good mobility,
those who finish in 20-30 seconds need further assessment on mobility and
those who need more than 30 seconds to finish generally have impairments
in basic activities. TUG has also been used to assess the risk of falling, and
reported cut-off points for older adults vary from 12.5-15 seconds
(Hafsteinsdéttir et al., 2014) but studies on the cut-off point of increased risk
of falls of stroke survivors are inconclusive. The psychometric properties of
the TUG for stroke survivors show excellent test-retest reliability (ICC=0.96)
(Flansbjer et al., 2005; Hafsteinsdéttir et al., 2014) and good convergent
validity (Hafsteinsdottir et al., 2014).

Balance self-efficacy was measured with the Activities-Specific Balance
Confidence Scale (ABC) (Powell & Myers, 1995). ABC is a 16-item self-report
measure in which participants rate their balance confidence on a scale of 0-
100% for performing different activities. The mean score for stroke survivors
is 68.2 £17.5% (Botner et al., 2005). The psychometric properties of ABC for
stroke survivors show excellent internal reliability (ICC=0.94) and construct
validity (Salbach et al., 2006), excellent internal consistency (ICC=0.94) and
test-retest reliability (ICC=0.85) (Botner et al., 2005). The Icelandic version
also shows good reliability and validity for older people in Iceland (Arnadottir
et al., 2010).

Functional lower limb muscle strength was measured with the Five Times
Sit to Stand Test (5xSST) (Csuka & McCarty, 1985). The participant stands
up and sits down five times while the tester is timing using a stopwatch. The
psychometric properties of the 5xSST for stroke survivors show excellent
test-retest reliability (ICC=0.94-0.99) and inter/intra-rater reliabilities
(ICC=0.97-0.99) (Silva et al., 2014).

Arm and hand function was measured with the Box and Block Test (BBT)
(Mathiowetz et al., 1985). In the BBT, the participant moves as many cubes
between boxes as possible in 1 minute. The psychometric properties of the
BBT for stroke survivors with arm paresis show high inter-rater and test—
retest reliability (ICC>0.95) (Platz et al., 2005).

In the feasibility study, data on sedentary, upright and ambulatory
activities was collected using ActivPAL motion detectors (PAL Technologies
Ltd., Glasgow, UK). The stroke survivors wore the motion detectors around
their non-affected thigh for seven days (24 hours) at three different time
points to assess all physical activity and sedentariness; a week prior to the
start of the four-week use of ActivABLES, midway through the study and a
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week after the four-week period. The data generated represents a 24-hour
summary of time spent in sitting/lying and standing positions, taking steps,
number of transitions from sitting to standing and number of steps taken.
Motion detectors have been used in many studies to explore physical activity
among adults (Edwardson et al., 2017; Yang & Hsu, 2010) including stroke
survivors (Field et al., 2013).

The actual use of ActivABLES during the four-week period was evaluated
by connecting all the ActivABLES prototypes to a server, which collected
digital data on the frequency and length of use of ActivABLES. To assess the
experience of the use, the caregivers were asked to fill in adherence diaries
during the four-week use of ActivABLES, which provided both quantitative
and qualitative data. The adherence diaries had a format for each of the
prototypes which included questions on the frequency and length of use (in
minutes), which exercises were done with each tool, the execution of the
exercises and the need for support and motivation. In addition, the caregivers
were asked to write down their thoughts and comments on their experience
of the exercises and the feasibility of using ActivABLES these four weeks.

3.4.3.2 Qualitative data

The aim of collecting qualitative data was to gain feedback and deeper
understanding on how the participants experienced using ActivABLES and
their preferences for the exercises and the tools. Qualitative data was
collected during the preliminary testing, with noting comments from the
participants, as well as after the testing when semi-structured interviews
(Holloway & Galvin, 2016) were conducted with each stroke survivor and
caregiver. The interview guides included questions on previous experience of
home-based therapeutic exercise and what they thought of each prototype of
ActivABLES. The interview guides are available in Appendix II.

Semi-structured interviews were also conducted after the four-week use of
ActivABLES with each stroke survivor and caregiver in the feasibility study. In
addition, qualitative data was collected using the adherence diaries during
the four-week use. The interview guides included questions which focused on
the feasibility of ActivABLES in terms of acceptability, demand,
implementation and practicality according to Bowen et al (2009). The
interviewers emphasized honesty and openness in sharing the experience of
using the prototypes to elicit both positive and negative issues. The interview
guides are available in Appendix Il. All interviews after the preliminary testing
and in the feasibility study were recorded and transcribed verbatim.
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3.5 Data analysis

Jamovi software was used for the analysis of the quantitative data in the
feasibility study. Imputation was used for missing data in the BREQ-2, using
predictive mean matching (Landerman et al., 1997). Descriptive statistics
were used to analyse quantitative data, including medians and interquartile
range for continuous data. The qualitative data from the interviews with the
stroke survivors and their caregivers after the preliminary testing were
analysed using thematic analysis (Brown and Clark, 2006). This method was
used to gain in-depth knowledge about what features and properties were
experienced as important by the stroke survivors and the future users. On the
other hand, the data from the interviews conducted after the four-week use of
ActivABLES were analysed using direct content analysis (Hsieh & Shannon,
2005) to gain detailed information on each prototype based on the four
domains of feasibility: acceptability, demand, implementation and practicality
(Bowen et al, 2009). The themes were identified according to the domains of
acceptability, demand, implementation and practicality and discussed until
agreement on the content was reached. In the feasibility study, quantitative
and qualitative data were then integrated by looking for common concepts
across the data, comparing the data and examining any (dis)congruence in
the findings. A case vignette was made by synthesis of participants to reflect
further on the feasibility study.
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4 Results

4.1 Characteristics of participants in the survey and in the
process of developing ActivABLES

Characteristics of the stroke survivors who participated in the survey (Paper
1) and the process of developing ActivABLES, which included the preliminary
testing (Paper Il) and the feasibility study (Paper IIl), are summarized in
Table 7 and 8. In addition, caregivers participated in the preliminary testing
and the feasibility study. Further individual descriptions of all participants in
the preliminary testing and the feasibility study are found in Paper Il and
Paper llI.

The community-dwelling stroke survivors who participated in the survey
and the process of developing ActivABLES had comparable gender
proportions and a wide age span, with a similar median age in the survey and
the feasibility study (Table 6). The participants in the preliminary testing were
a bit younger but the gender proportion was similar. Only 62.3% of the
participants in the survey reported one side of the body being more affected
from the stroke, but all participants in the ActivABLES studies were
diagnosed with hemiparesis.

Table 6. Characteristics of the stroke survivors in the survey and in the process of
developing ActivABLES.

N (%?) or Median [Min, Max]
Process of developing ActivABLES

Survey (Paper ) Preliminary testing Feasibility study
(Paper Il) (Paper i)
N 114 7 10
Men 50% 43% 50%
Median age (range) 73 (27-94) 63 (31-76) 72 (55-79)
>75 years 51 (45%) 1(14%) 2 (20%)
65-74 years 34 (30%) 2 (29%) 6 (60%)
<65 years 29 (25%) 4 (57%) 2 (20%)
Live in capital area 76 (66.7%) 7 (100%) 6 (60%)
Range of the
time since stroke 1-2 years 9 months — 22 years 5 months — 30 years
Left hemiparesis® 37 (32.5%) 6 (86%) 6 (60%)
Right hemiparesis® 34 (29.8%) 1(14%) 4 (40%)

aProportions are based on valid data for each variable.
bReported as an immediate symptom after the stroke in the survey
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The participants in the feasibility study reported more use of walking
devices inside their homes (Table 7) but similar use of smart devices was
reported in all studies, where majority of participants reported regular use.
The stroke survivors in the feasibility study had a higher score in self-
determination in BREQ-2, indicating they may have more motivation for
exercise than the participants in the survey. Although the score from BBS
were similar among participants in the preliminary testing and the feasibility
study, the range is wider among the stroke survivors in the feasibility study.
The participants in the feasibility study also have lower scores in ABC, which
indicate less balance confidence.

Table 7. Use of devices and results from standardized measures of the stroke survivors
in the survey and in the process of developing ActivABLES.

N (%2), Median [Min, Max] or Mean (SD)
Process of developing ActivABLES

Survey Preliminary Feasibility study®
(Paperl) testing (Paper Il) (Paper Ill)
N=114 N=7 N=10
Walking devices inside 18 (15.7%) 2 (29%) 4 (40%)
Regular use of smart devices 73 (64%) 5 (71.4%) 6 (60%)
BBS 43[37.0, 56.0] 43.5[31.0, 49.0]
BBTC 12 [6.0, 53.0] 33.5[29.0, 62.0]
ABC 65[29.4, 76.3] 56 [30.0, 66.9]
Self-determination BREQ-2
total raw score 19.2 (9.7) 28 [24.3, 29.5]
mean 4.8 (2.4) 7[3.5,7.8)
Non-self-determination BREQ-2
total raw score 10.6 (8.0) 9[8.3,12.8]
mean 3.0 (2.1) 3.0[1.9, 7.2]

BREQ-2=Behavioural Regulation Exercise Questionnaire, BBS=Berg Balance Scale, BBT=Box and
Block Test, ABC=Activities-Specific Balance Confidence Scale

aProportions are based on valid data for each variable.

bBaseline measure prior to the four-week use of ActivABLES

°Only few participants were able to do the BBT in the preliminary testing (n=3) and the feasibility
study (n=6).

In Table 8 the scoring of SIS is presented. The highest score in all three
studies was in the communication domain. The lowest score in the survey
was in the emotions domain and in the hand function domain in the
preliminary testing and the feasibility study.
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Table 8. Results from the Stroke Impact Scale in all studies.

Median [Min, Max]

Survey Preliminary testing  Feasibility testing

Domains of SIS

(Paper 1)

(Paper Il)

(Paper lll)

Strength 75.0 [18.8, 100] 37.5[12.5, 68,8] 50.0 [3.3, 68.8]
Memory and thinking ~ 85.7 [3.6, 100] 67.9 [57.1, 89.3] 82.2 [50.0, 96.4]
Emotions 63.9[30.6,87.5]  72.2[44.4, 83.3] 66.7 [55.6, 88.9]
Communication 92.9[10.7, 100] 96.4 [50.0, 100] 89.3 [57.1, 100]
ADL/IADL 87.5[27.5, 100] 60.0 [30.0, 72.5] 61.3 [47.5, 77.5]
Mobility 83.3[11.1, 100] 86.1[47.2, 88.9] 75.0 [50.0, 97.2]
Hand function 90.0 [0, 100] 0[0,55] 40.0 [0, 75.0]

Participation 78.1[9.38, 100] 56.3 [25.0, 93.4] 51.6 [31.3, 81.3]
Recovery 80.0 [15.0, 100] 50.0 [35.0, 80.0] 47.5 [40.0, 65]

CPDa 78.7[15.6,100)  48.5[26.8, 70.6] 53.6 [34.0, 72.9]

SIS=Stroke Impact Scale, ADL=Activities of Daily Living, IADL=Instrumental Activities
of daily living, CPD= Composite Physical Domain

aCPD is made by summing up the score from the strength, ADL/IADL, mobility and
hand function domains.

4.2 Survey

The results from the survey among community-dwelling stroke survivors in
Iceland are presented in detail in Paper I. The results highlight the functioning
and contextual factors among this population 1-2 years after their first stroke
and reveal some interesting differences and similarities between three
different age-groups of survivors; older-old (75 years and older), younger-old
(65-74 years), and young stroke survivors (18-65 years). Table 9 summarizes
the main results from the survey which are presented in detail in Tables 1-5
in Paper I.

The participants in the survey were slightly older than the non-participants
(mean age 71.6 +12.9 years versus 62.1+13.5 years; P=0.050) with a
comparable proportion of men and women (P=0.691). Of the 78 individuals
who received a phone call to facilitate their participation, 31 responded to the
survey and 30 gave the following reasons for not participating: good/full
recovery (n=11), not interested (n=7), difficult to remember the past (n=6)
and dependent on others (n=6). Forty-one (36.0%) individuals received
assistance with completing the survey, with more participants being 275
years old (P=0.007) than <65 years old, but with no difference between the
genders (P=0.329).

The most common symptom immediately after the stroke was balance
impairments which was reported by 61.4% of the participants. Almost one-
third of the participants had experienced a fall during the last 12 months and
7% had fractures from the falls. The youngest group (<65 years) had fewer
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falls than the older groups (P=0.038). The oldest group (75 and older) had
more comorbidities than the younger groups (P<0.001).

When looking at the environmental factors, less than one-third reported
use of walking devices. The oldest individuals (=75 years) had more walking
devices (<65 years old P=0.007, 65-74 years old P=0.020) and more security
buzzers (<65 years old P=0.001, 65-74 years old P<0.001) than those in the
younger age-groups.

The majority of participants had access to various smart devices and
reported regular use. A tablet was the smart device that fewest participants
had access to and used in all age-groups, but computers were the most
common. Compared to both younger groups, the oldest individuals used
computers and smart phones less. Sixty-two participants answered the
question on what they used their smart devices for. Most of them used their
smart devices for social media and communication with family and friends
(n=31, 50%). Twenty participants reported general use with no details on
specific meaning of that (included general use, daily life, recreation and
entertainment). Many reported use of the internet which included reading the
news (n=18), and using the devices for work (n=17). Ten reported using
smart devices for games and solitaires but only one reported use for a
specific kind of treatment which was speech therapy. Thirty-six (31.6%) of the
participants thought the smart devices could be used for rehabilitation.

During the last month prior to answering the survey, 52 participants
(45.6%) had some kind of health and social services and 50 (43.9%)
answered the question on if the services they had received fulfilled their
needs. The majority of those participants reported having fulfiled needs
(n=33) while 17 of them reported unfulfilled needs. Eighteen responded to the
guestion on how to change/improve the services. Six of them (1/3) reported a
greater need of physiotherapy and five individuals needed more of other
services, including adult day-care and more frequent bathing. Lack of
individually-tailored services and follow-up were also mentioned.

Motivation for exercise, which was assessed with BREQ-2, showed more
self-determination than non-self-determination in all age-groups. No
difference was found in self-motivation between the age-groups but the
oldest age-group reported more non-self-determination than the youngest
group (P=0.034). Majority of participants reported being physically active
three times a week but a little less than half reported physical activity at least
five times a week. No difference was found between the age-groups
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Table 9. Contextual factors and functioning of participants in the survey.

Mean (SD) or N (%?)

All 75-94 years 65-7T4 years 27-65 years
(N=114) (n=51) (n=34) (n=29) P-value®

Personal factors
Age 71.6 (12.9)

Balance impairment as a main

o, d
symptom after stroke 70 (61.4%) 31(60.8%) 26 (76.5%) 13 (44.8%) 0.038

Experienced one or more fall 34 (29.8%) 18(35.3%) 12 (35.3%) 4 (13.8%) 0.013¢°¢
Number of comorbidities 1.5(1.2) 2.0(1.2) 1.4 (1.2) 0.8 (0.8) < 0.001¢
Environmental factors
Walking devices 33(28.9%) 24 (47.1%) 6(17.6%) 3(10.3%) <0.001%°
Buzzer 33(28.9%) 28 (54.9%) 3(8.8%) 2 (6.9%) < 0.001%9
Laptop or computer 78 (68.4%) 24 (47.1%) 29 (85.3%) 25 (86.2%) < 0.001%¢
Smartphone 69 (60.5%) 17(33.3%) 28 (82.4%) 24 (82.8%) <0.001%¢
Tablet 50 (43.9%) 14 (27.5%) 16 (47.1%) 20 (69.0%)  0.001%"
Services during last month 52 (45.6%) 32 (82.7) 14 (41.2%) 6 (20.7%) 0.001=n
Physiotherapy 39 (34.2%) 22(43.1%) 12 (35.3%) 5(17.2%) 0.054
Social domestic 16 (14.0%) 13 (25.5%) 1(2.9%) 2 (6.9%) 0.006%¢
Adult daycare 5 (4.4%) 5(9.8%) 0 (0%) 0 (0%) 0.056%¢
Transportation services 7 (6.1%) 6(11.8%) 0 (0%) 1(3.4%) 0.071
Body function
BREQ-2: Self-determination 4.8(24) 4.9 (2.3) 4.8 (2.3) 4.6 (2.8) 0.786
BREQ-2: Non-self-determination 3.0(2.1) 33(2.2) 3.3(2.0) 2.1(2.0) 0.028°"

Activities and participation

Regular use of a laptop/computer 62 (54.4%) 14 (27.5%) 25(73.5%) 23 (79.3%) <0.001°¢
Regular use of a smartphone 59 (51.8%) 14 (27.5%) 23 (67.6%) 22 (75.9%) <0.001%¢
Regular use of a tablet 38(33.3%) 9(17.6%) 14 (41.2%) 15(51.7%)  0.003="
PA/exercise at least 3x a week 77 (67.5%) 33(64.7%) 25(73.5%) 19 (65.5%) 0.559
PA/exercise at least 5x a week 54 (47.4%) 23 (45.1%) 17 (50.0%) 14 (48.3%) 0.888

SD=Standard deviation, BREQ-2=Behavioral Regulation Exercise Questionnaire-2, PA=Physical activity
2Proportions are based on valid data for each variable.

PFisher’s Exact Test for categorical variables.

“TukeyHSD, for differences between different age-groups.

9Difference between <65 years old and 65-74 years old.

*Difference between <65 years old and both older groups.

'Difference between all three groups.

“Difference between =75 years old and both younger groups.

"Difference between =75 years old and <65 years old.

The results from the SIS are presented in Table 10, where a higher score
indicates better functioning. The highest score was in the communication
domain (median=92.9, range 10.7-100) and the lowest score was in the
emotion domain (median=63.9, range 30.6-87.5). Differences were found
between the age-groups in three domains: ADL/IADL (P=0.002), mobility
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(P<0.001) and participation (P=0.020) as well as in the CPD (P=0.040). The
oldest individuals (275 years) deviated from the two younger age-groups in
ADL/IADL (<65 years old P<0.001, 65-74 years old P=0.037) and mobility
(<65 years old P<0.001, 65-74 years old P=0.016) and from the youngest
group (<65 years) in participation (P=0.005) and CPD (P=0.015). The scoring
from the emotion domain of SIS did not show difference between the age-
groups (P=0.530) even though the oldest group (75 and older) reported more
diagnosed anxiety/depression than the younger groups.

Table 10. Results from the Stroke Impact Scale with comparisons between the age-
groups.

Median [Min, Max]

Domains of All 75-94 years 65-74 years 27-65 years

Stroke Impact Scale (N=114) {n=51) (n=34) (n=29) P-value®
Strength 75.0 [18.8,100] 75.0 [25.0,100] 65.6 [37.5,100] 93.8 [18.8, 100] 0.096
Memory and thinking  85.7 [3.57, 100] 89.3 [3.57, 100] 78.6[39.3,100] 89.3[28.6, 100] 0.403
Emotions 63.9 [30.6, 87.5] 61.1[33.3, 86.1] 68.1[33.3,87.5] 69.4[30.6, 86.1] 0.530
Communication 92.9[10.7,100] 92.9[10.7,100] 91.1[14.3,100] 92.9 [20.0, 100] 0.387
ADL/NIADL 87.5[27.5,100] 82.5[27.5,100] 90.0 [45.0, 100] 100 [27.5, 100]  0.002%¢
Mobility 83.3[11.1,100] 72.2[11.1,100] 83.3 [47.2, 100] 100 [25.0, 100]  <0.001%¢
Hand function 90.0 [0, 100] 85.0 [5.00, 100] 80.0 [0, 100] 100 [0, 100] 0.167
Participation 78.1[9.38,100] 75.0[9.38,100] 75.0[28.1,100] 98.4 [40.6, 100] 0.020°°
Perceived recovery 80.0 [15.0,100] 77.5[15.0,100] 75.0[35.0,100] 87.5[30.0, 100] 0.143
CPD® 78.7 [15.6, 100] 73.8 [27.4,100] 76.1[39.9,100] 93.8[15.6, 100] 0.040%

ADL/IADL=Activities of daily living/Instrumental activities of daily living, CPD=Composited Physical Domain
*Linear Model ANOVA

“CPD includes the domains of strength, ADLs/IADLs, mobility, and hand function.

“TukeyHSD, for differences between different age-groups.

4Difference between 275 years old and both younger groups.

*Difference between =75 years old and <65 years old.

Results from gender comparisons of SIS are presented in Table 11. The
results are similar between the genders, but women score lower in the
domains of mobility and hand function.
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Table 11. Results from the Stroke Impact Scale with comparisons between the genders.

Median [Min, Max]

Domains of All Men Women

Stroke Impact Scale (N=114) (n=5T7) (n=57) P-valuea
Strength 75.0[18.8, 100] 75.0 [37.5, 100] 75.0 [18.8, 100] 0.462
Memory and thinking 85.7 [3.57, 100] 89.3 [3.57, 100] 85.7 [3.57, 100] 0.386
Emotions 63.9[30.6,87.5] 65.3[33.3,86.1] 62.5[30.6, 87.5] 0.567
Communication 92.9[10.7,100] 89.3[20.0, 100] 92.9 [10.7, 100] 0.544
ADL/IADL 87.5[27.5, 100] 90.0 [27.5, 100] 825 [27.5, 100] 0.217
Mobility 83.3[11.1,100] 88.9[36.1,100] 75.0[11.1, 100] 0.006
Hand function 90.0 [0, 100] 95.0 [0, 100] 80.0 [0, 100] 0.025
Participation 78.1[9.38,100) 81.3[25.0,100] 78.1[9.38, 100] 0.391
Perceived recovery 80.0[15.0,100] 77.5[15.0, 100] 80.0[20.0, 100] 0.681
CPDp 78.7[15.6,100] 79.9[15.6, 100] 77.8[25.6, 100] 0.163

ADL/IADL=Activities of daily living/Instrumental activities of daily living, CPD=Composite physical domain
aLinear Model ANOVA
PCPD includes the domains of strength, ADLs/IADLs, mobility, and hand function.

4.3 ActivABLES

The purposive sampling for the process of developing ActivABLES was
approached through stroke clinics, clinics and Heilaheill, which is a non-profit
organization in Iceland for people interested in cerebrovascular disease. Most
individuals were willing to take part, although a few who were contacted
refused to take part in the feasibility study. The reasons given were not
interested, not having the time — and caregivers who thought “their” stroke
survivor would not be able or willing to participate. Those who accepted
showed interest and were keen to start trying out the tools.

4.3.1 Process of developing the prototypes

The process of developing the ActivABLES prototypes lasted for
approximately two years and is described in detail in Paper Il. During the
process, prototypes were iteratively introduced to stroke survivors, caregivers
and rehabilitation professionals. Feedback was used to continue the process
of developing or cancelling further development. The final yield resulted in six
prototypes which were used in the feasibility study and described in detail in
Paper lll.

Eight prototypes were introduced in the preliminary testing which is a part
of the development phase in the MRC framework: ActivFOAM, ActivBOSU
and ActivCUSHION for balance exercises and positioning; ActivBALL,
ActivSTICKS and ActivGLOVE for hand and arm exercises; and ActivLAMP
and ActivSPOKA for feedback. Four of these prototypes; ActivFOAM,
ActivBALL, ActivSTICKS and ActivLAMP were found suitable for further
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developing. During the preliminary testing, the stroke survivors and their
caregivers reported the need for a tool to encourage walking. Pursuant to
their request, the iPhone application WalkingSTARR was developed, which
has a step-counter and games to encourage walking. In the interviews after
the preliminary testing, the stroke survivors emphasized the importance of
integration of therapeutic exercise into activities of daily living in the
interviews while the caregivers expressed their lack of resources to assist
with home-based therapeutic exercise (see Figures 3 & 4 in Paper Il). Both
these perspectives supported the idea of ActivABLES.

The development process resulted in four exercise prototypes and two
feedback prototypes (Figure 8) which were used in the four-week feasibility
study: ActivFOAM for balance exercise, WalkingSTARR for walking,
ActivBALL for hand and wrist exercise, ActivSTICKS for arm and shoulder
exercise, and ActivLAMP and ActivTREE which give visual feedback on the
daily amount of exercise done. Each prototype can be individually-tailored to
the user’s needs in regards of frequency of exercises and progress of
activity.

ActivFOAM ActivBALL ActivSTICKS

- STARI Z k /
WalkingSTARR - application ActivLAMP ActivTREE

Figure 8. ActivABLES prototypes tested in the feasibility study.

4.3.1.1 ActivFOAM

To exercise balance and weight-bearing in a standing position we developed
ActivFOAM (Figure 9) which is made of a foam balance mat (Airex balance-
pad). Pressure sensors were placed and covered on the top of the mat and
connected to a tablet. The tablet gave visual and audio feedback on weight
shifting and information on the centre of mass while standing. In the

46




Results

preliminary testing, the user could also play one game, but two games were
added prior to the feasibility testing. Also, there were possibilities to use
different music to encourage weight shifting and stepping on the mat. In the
feasibility study, it was possible to adjust the difficulty level in some of the
games. In the feasibility study, three interactive games and different types of
audio feedback could be selected and used for exercising:

() In the Pong-game, the user moves a paddle by shifting the amount of
weight on each foot in an attempt to hit a ball which comes at different
speeds from unknown direction. The user has to shift more weight to the
other foot to make the paddle move. The size of the paddle can be
adjusted, with smaller paddle making the game more difficult. The user
collects a point each time he/she hits the ball.

(i) In the Escape-game, the user moves a ball by putting more weight
onto one foot to avoid barriers which are in the way. The user collects a
point for each barrier he/she escapes.

(iii) In the Bomb-game, the user moves a ball in and out of a circle by
putting more weight onto one foot, as much as the user is able to, and
then back into the circle by adjusting the weight onto both feet. The ball
needs to be back in the circle before an audio feedback indicates a bomb
explosion.

(iv) More possibilities include use of different types of audio feedback like
jazz, samba and guitar tones while looking at a screen showing how much
weight is being put on each leg.

Position of feet

Set-up of ActivFOAM

The Escape-game

Figure 9. Set-up of ActivFOAM and screenshots of games included.
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4.3.1.2 WalkingSTARR

The iPhone application WalkingSTARR (Rassmus-Gréhn et al., 2017) was
used to encourage walking (Figure 10). Prior to use, the user, in collaboration
with a rehabilitation professional, needs to decide on daily goals related to
walking, like steps, distance walked and/or time of walking. During the day,
the dog in the app barks to remind the user of walking. When walking, the
main screen shows a dog walking in an ellipse, which fills up with a colour
while the user is walking. When the ellipse is fully coloured, the daily goal has
been reached. The user can also earn stars while walking, and if the user
wants to play a game while walking, the dog for example barks to tell if he
needs to pee.

WalkingSTARR - application The ellipse fills up with blue A part of the game is to
while the user is walking stop and let the dog pee

Figure 10. Screenshots from the WalkingSTARR application

4.3.1.3 ActivBALL

ActivBALL was developed to emphasize the motor control of the hand, wrist
and shoulder (Figure 11). Pressure sensors cover the ball which is connected
to a smart device. In the preliminary study, the ball was introduced as a tool
to use on a computer. The user had to squeeze the ball regularly to “charge”
the computer while watching a selected programme. It could also be used for
playing games like Tic-Tac-Toe. It was not possible to develop these
possibilities further prior to the feasibility study and therefore a different
approach was used for the exercises. The exercises included in the feasibility
study were internal/external rotation of the shoulder, flexion/extension and
pronation/supination of the wrist and extension/flexion of the fingers. Prior to
use, the user, in collaboration with a rehabilitation professional, needs to
decide on daily goals related to frequency of each exercise. In the feasibility
study, ActivBALL was connected to a tablet which showed the daily goals
and counted for the user while he/she did the exercises.
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Squeezing the ball for
continuation of the movie

Exercising dorsi- and
palmarflexion of the wrist

Count of exercises on the ActivBALL

tablet screen

Exercising supination and
pronation of the wrist

Figure 11. ActivBALL for exercises of upper extremities.

4.3.1.4 ActivSTICKS

ActivSTICKS (Figure 12) were developed to exercise motor control of the
arms and upper body. During the preliminary study, ActivSTICKS were
introduced as a tool to use on a computer. The user could, for example, use
the sticks to manoeuvre on Google-Street and play a solitaire. It was not
possible to develop these possibilities further prior to the feasibility study and
therefore the sticks were connected to a tablet in the study, similar to
ActivBALL. The exercises were repetitive movements where the
recommended daily frequency of exercises was that which the user, in
collaboration with a rehabilitation professional, had decided. The exercises
included abduction and adduction of the shoulder, flexion of the shoulder,
elbow flexion and extension, along with coordination of the left and right arms
while doing “scissors” and rotation of the upper body.

%

A\ NS
Count of exercises on the tablet screen

ActivSTICKS

Rotation of upper body “Scissoring”

Figure 12. ActivSTICKS for exercises of upper extremities.
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4.3.1.5 ActivLAMP and ActivTREE

ActivLAMP and ActivTREE (Figure 13) give visual feedback on the stroke
survivor’s daily progress by gradually lighting to indicate the proportion of
exercises completed. ActivLAMP is connected to one exercise prototype and
gradually lights up with the more exercises done or steps taken. After the
preliminary testing, it was decided to develop ActivTREE to provide feedback
on multiple exercises at the same time. ActivTREE has three branches and
can be connected to three different exercise prototypes. Each branch is
connected to one exercise and gradually lights up as the user exercises or
walks. These feedback prototypes reset every day at midnight.

In the interviews, both the stroke survivors and their caregivers
emphasized the importance of feedback and encouragement:

You need to see when you are If something is measuring the
doing well with a sound or a light time, | think it would help him
or something. [stroke survivor] continue with the exercises.

Otherwise, he would maybe do
the exercise five times and feel
like he has done a good job.
[caregiver]

It is encouraging to see what
you have been doing, to see the
report. [stroke survivor]

ActivLAMP ActivTREE

Figure 13. ActivLAMP and ActivTREE for feedback of exercise and physical activity.
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4.3.1.6 Excluded prototypes

The prototypes that were excluded after the preliminary study were
ActivGLOVE, ActivCUSHION, ActivBOSU and ActivSPOKA (Figure 14).

ActivGLOVE was for exercising extension of the fingers. The user put the
glove on and when doing the exercises, it gave feedback with lights and/or
sound. The glove-finger gradually lit up when the finger was extended and/or
played a sound when it was fully extended. The glove was quite tight and it
was difficult for the user to put it on. The design of the glove needed to be
further developed to make it more suitable and therefore it was excluded from
further development prior to the feasibility study.

ActivCUSHION was a thin cushion, covered with pressure sensors, to put
on a seat. The cushion could give a feedback on positioning while the user
was sitting, for example, if the user would lean towards one side. In the
preliminary testing, the participants found the cushion was not challenging
enough and, after testing, it was excluded for further development.

ActivBOSU consists of an inflated hemisphere which is attached to a rigid
plate. The inflated half ball is put on the floor and the user stands on the plate
for balance exercise, making an unstable base. The participants in the
preliminary testing found the ActivBOSU too difficult to use and it was
considered to be unsafe for stroke survivors to use in their home. It was quite
challenging to keep balance while standing on it and could potentially
increase risk of falling while doing the exercise. Therefore, ActivBOSU was
excluded from further development.

ActivSPOKA was a small light that could remind the user of exercising
and/or give feedback when the daily recommended exercises or walking
were finished. Due to similarities with ActivLAMP, it was not further
developed.

ActivCUSHION

ActivBOSU ActivSPOKA

ActivGLOVE

Figure 14. Excluded prototypes.
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4.3.2 Feasibility study

The main characteristics of the ten stroke survivors who participated in the
feasibility study, which included use of the prototypes of ActivABLES for four
weeks, are presented in Table 6 and 7. All participants used the ActivFOAM
for balance exercises, two used the ActivSTICKS for exercising the upper
arms and two used the ActivBALL for exercising the arm and hand. Four
stroke survivors used the walking application to follow their step counts while
walking, six used the ActivLAMP and five used the ActivTREE for visual
feedback.

4.3.2.1 Quantitative results

All ten stroke survivors took part in the functional pre-measures but nine took
part in the post-measures since one stroke survivor was hospitalised for a
few days during the four-week period and was not able to participate in the
post-measures. Individual measures before and after the four-week period
are presented in Figure 15 and 16.
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Figure 15. Individual quantitative measures before and after the four-week use of
ActivABLES.
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Self determination Non-self determination
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Figure 16. Individual results from Behavioural Regulation Exercise Questionnaire-2
before and after the four-week use of ActivABLES

Seven stroke survivors improved their score or performance in two or
more quantitative measures. The median was also higher in all the measures
after the four-week use. The summary of changes is presented in Table 12.
According to the ActivABLES digital server, seven stroke survivors used
ActivABLES for the recommended five days a week for the four weeks with
the median use of 23 days (range 5-27 days). The results from the BREQ-2
for motivation to exercise showed valid pre- and post-measures for six stroke
survivors (Figure 16). In the pre-measure, five stroke survivors had higher
scores for self-determined motivation than non-self-determined motivation to
exercise indicating that they value the benefits of exercise. In the post-
measure, all six had higher self-determined motivation. Four of the
adherence diaries were thoroughly filled in and reflected well the data on the
digital servers regarding number of days. However, the average daily use per
participant reported in the diaries was in the range of 14-48 minutes,
whereas on the servers the average daily use range was nine to 28 minutes.

Technical difficulties were reported 19 times by the participants during the
four-week period. Generally, the users were able to solve the problem with
technical guidance through the phone, but on seven occasions the
researcher had to visit the users and figure out the problem.
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4.,3.2.2 Qualitative interviews

Funr:tmnal

|mpruvsmenls
[—] Acceptability i l Variety of exercises I
Self-initiated activities
Progressmn of
Feasibility

Reported use Need for support
Demand Practicality
I Interest for further use I I Technical problems I

Need for follow-up

Figure 17. Themes identified in line with the feasibility domains.

Appreciation
Importance of
feedback

The four feasibility domains of acceptability, demand, implementation and
practicality were addressed in the interviews with the ten stroke survivors and
their caregivers. Twelve themes were identified within the four feasibility
domains (Figure 17). In Paper lll, the thematic analysis is described in detail
with quotes from the participants which illustrate the themes within each
domain.

Acceptability:

Four themes were identified that illustrated acceptability: (1) appreciation, (2)
functional improvements, (3) self-initiated activities, and (4) expressed
potential use for future stroke survivors (Figure 17).

The stroke survivors and caregivers expressed appreciation for being
offered an opportunity to take part in the development of ActivABLES to
promote home-based therapeutic exercise and physical activities. Only few
stroke survivors reported undesirable symptoms at some point while using
ActivABLES, including increased spasms in their foot and pain in their back
and shoulder. Both the stroke survivors and their caregivers approved of
ActivABLES, and they described improvements in function of the stroke
survivors. Some described noticing changes in physical activity and self-
initiated activities, which included activities that the stroke survivors had not
performed in some time prior to the study and were not encouraged
especially to perform. For example, the stroke survivors described increased
motivation to try themselves in new situations like washing the floor, being
more aware of using the affected arm and walking indoors without using a
cane/crutch. Participants were asked if they thought ActivABLES has
potential use for future stroke survivors. All the participants considered
ActivABLES had potential use for future stroke survivors.
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Demand:

Three themes were identified that illustrated demand: (1) reported use, (2)
interest in further use, and (3) need for follow-up (Figure 17).

The stroke survivors reported that they had tried to use ActivABLES at
least five days per week and both the stroke survivors and their caregivers
agreed on the potential of ActivABLES for further use in their homes. Those
who had their stroke a longer time ago did say that ActivABLES might be
more useful for future stroke survivors other than themselves. The need for
follow-up services was emphasized by the stroke survivors and those who
used assistive walking devices inside were more vocal about the need. This
indicates that those with more impairments in functioning might need more
follow-up than those with higher functioning.

Implementation:

Three themes were identified that illustrated implementation: (1) importance
of feedback, (2) variety of exercises, and (3) progression of exercises (Figure
17).

The participants said the feedback was very important while doing the
exercises. The stroke survivors reported how many points they had scored in
the games and their enthusiasm for competing for more points. They also
described that the visual feedback from ActivTREE and ActivLAMP was
encouraging. Variety of exercises was identified when discussing the
exercises. The stroke survivors thought variety was lacking in the exercises
and would have liked to have more diversity. The stroke survivors were
asked if they had used the progression of exercises. Half of the stroke
survivors reported they had progressed with the exercises, making them
more challenging. In the adherence diaries, the stroke survivors were asked
how difficult they thought the exercises were on a 0-10 scale (10 indicating
very difficult). In the beginning, the first days, the stroke survivors rated the
exercises as more difficult (up to eight) but as the time passed, they rated the
exercises as low as one, indicating that the exercises were more difficult
during the first days but got easier with repetitions.

Practicality:

Two themes were identified that illustrated practicality: (1) need for
support and (2) technical problems (Figure 17). The caregivers were asked if
they had to encourage or assist their stroke survivor with the use of
ActivABLES. The caregivers said they only had to assist with turning on
ActivABLES and/or charging the tablet, and the stroke survivors reported
they were almost independent with using ActivABLES and doing the
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exercise. The stroke survivors only needed minor reminders or assistance
with the exercises. The participants experienced technical problems at some
time during the four-week use which frustrated some of the stroke survivors.
The ActivABLES tools were prototype technology, and thus somewhat fragile
and vulnerable to minor tumbling.

4.3.2.3 Integration of the quantitative and qualitative results

The integration of the quantitative and qualitative data in the feasibility study
is presented in Table 12, showing congruence in most of the data according

to the feasibility terms of acceptability, demand,

practicality.

Table 12. Integration of the results from the feasibility study.

implementation and

Feasibility
b i Quantitative results Qualitative themes Integ! 1
Change in median .
Measure Cf’::; Qer::tgm gf,":." Functional improvements
BBS (score) 43.5-46 t25 Stroke survivors reported  The quantitative functional
TUG (sec) 20.1-15.9 142 improvements in function. measures confirm the
ABC (score) 55.5-56.4 108 Caregivers reported experience of the
E‘ 5xSST (sec) 20.9-18.2 127 improvementsin function participants of improved
a BBT (score) 33-33 0 of their stroke survivors. function.
g. Motion detectors: Self-initiated activities
8 Standing up Stroke survivors The quantitative data from
< fsitting down 47-49 T2 described increased the motion detectors
Number of steps  1836-2063 1227 motivation to engage in suggest that the stroke
Standing self-initiated activities. survivors were more
(hoursiday) 2326 T0.3 mobile which might
Sitting/lying indicate they engaged in
{hoursi/day) 21.3-21.0 103 more activities.
Reported use
Use according to digital servers Stroke survivors and their  The quantitative data from
+ Seven stroke survivors used caregivers reported use of  servers and diaries were
ActivhBLES for the ActivABLES at least five congruent with each other
recommended five days a week. times a week. while reported use in the
Use according to adherence interview tended to be
B diaries more than from the
m + Median use 23 days. servers and diaries.
E Measure Change in mean )
- from pre to post Interest in further use
BREQ-2: Stroke survivors reported  The quantitative results
Self-determined  28-26 120  interestin further use. from BREQ-2 does only
motivation Caregivers thought their partially support the
MNon-self-determ.  9-8.5 T05 stroke surviver would be qualitative results on
motivation interested in further use. interest in further use.
Progression of exercises
c In the adherence diaries, the Stroke survivors reported  In the diaries, the stroke
2 stroke survivors rated the they had used different survivors report the
= exercises as more difficult in the levels of the exercises to  exercises becoming less
& beginning (5-8) and less difficult make them more difficult, which is
E (1-5) during the last days of use. challenging convergent with what they
o reported in the interviews.
E Progression should lead
to at least the same level
of difficulty.
E Little need for assistance and Stroke survivors and Quantitative and
_E frequent technical problems was caregivers reported qualitative data confirm
E reported in the adherence diaries minimal assistance little need for assistance
i in forms of yesino. needed and technical and frequent technical

problems of the tools

problems.

BBS= Berg Balance Scale, TUG=Timed-Up-and-Go, ABC=Activities-specific Balance Confidence Scale,
5x55T=Five times Sit to Stand, BEBT=Box and Block Test, BREQ-2=Behavioural Regulation Exercise

Questionnaire 2
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Little need for assistance and frequent technical problems was confirmed
in the adherence diaries in forms of yes/no, giving quantitative data. The
information reported in the diaries supported the data from the interviews
about the minimal assistance needed from the caregivers and technical
problems of the tools.

4.3.2.4 Case vignette

David was a 71-year-old stroke survivor who had symptoms of hemiparesis.
He was discharged from inpatient rehabilitation with a score of three on the
Modified Rankin scale (Bonita & Beaglehole, 1988) to his home where he
lived with his well-functioning wife, Rose. He had a drop foot splint on his foot
and used a crutch when walking. He had problems with his balance and one
arm was not functional due to spasticity. He attended an exercise class at the
rehabilitation centre twice a week, had a session once a week and went to
the swimming pool once a week. Prior to the four-week use of ActivABLES,
he stood up on average 29 times per day according to the motion detector,
took 1706 steps (57 steps/min) and spent 6.9% of every 24 hours in a
standing position, including walking. He sat a lot during the day and used a
computer to pass the time. He spent 93.1% of every 24 hours in a sitting or
lying position. He relied on Rose with many things indoors and called her
frequently during the day for some small errands. David was very interested
in testing ActivABLES since he thought there is a big need for follow-up for
stroke survivors. He also wanted to contribute to the resources for future
stroke survivors.

His main problem was balance impairment and he really wanted to be
able to walk without the crutch. He felt his balance was not good enough and,
prior to the four-week use of ActivABLES, he rated his balance self-efficacy
on the ABC-scale as 55% which is lower than the mean for stroke survivors.
He scored 33/56 on BBS balance test which indicates impaired balance and
that he might be at risk for falling. He finished TUG in 23 seconds with a
crutch, which indicates need for further assessment on mobility and supports
the indicated fall risk from BBS. Because of his balance impairment, he was
asked to test ActivFOAM, which aims to improve balance. Since he felt his
balance was not very good, he really appreciated the opportunity to work on
his balance at home.

According to the ActivABLES server, David used ActivFOAM on 26 days
in the four-week period and on average for 17 minutes per day. Rose filled
out the physical activity diary for most of the days of the four weeks. Rose
reported she had to assist David with the exercises during the first days since
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she felt he was quite unstable when doing the exercises. David was very
open-minded, and on his own initiative, he made the exercise area more
secure by putting some support next to the exercise foam, which made Rose
more comfortable with leaving him alone with the exercises. In the beginning,
David was encouraged to do the exercises five times a week for at least 15
minutes per day and he had an ActivLAMP which lit as he progressed with
the time of exercise. By the second week, he was encouraged to increase the
exercise time to 30 minutes. The lamp reminded him of doing the exercises if
it was not all lit up. Gradually, the lamp seemed not to be working and at that
time David felt he needed a timer on the screen, so he could follow the time
spent in exercising. David thought the scoring during the exercises
encouraged him to continue and do better. Rose reported she did not have to
encourage him to do exercises.

After the four-week use of ActivABLES, David reported he did the
exercises most of the days and Rose agreed with that. He felt his balance
had improved and was using his crutch less than before. He also reported he
was more confident walking with his cane and even walking without support.
He scored higher on BBS (39/56) and needed less time to finish TUG (21.9
seconds), indicating improved balance. In contrast, he scored the same on
the ABC (55.3%). Rose reported that she noticed improvement in his
balance, he was more independent in different activities and was not calling
her as often as before. David wore a motion detector for seven days after the
four-week use of ActivABLES. He stood up 33 times on average per day
which is 13.8% more than he did a week prior to the intervention.
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5 Discussion

5.1 Summary and importance of results

In this thesis, a detailed overview of community-dwelling stroke survivors’
functioning is provided, along with both facilitating and hindering contextual
factors of their daily lives. Some important differences and similarities in
functioning and contextual factors among different age-groups of stroke
survivors are introduced in order to direct the focus of rehabilitation and
research towards the heterogeneous group of older stroke survivors.
Different facilitating contextual factors are described, for example, health
services and access to smart devices which have potential to be used for
technical interventions in community-based rehabilitation. The process of
developing a technical application called ActivABLES to promote therapeutic
exercise and daily physical activity is also thoroughly described in this thesis.
As a facilitating contextual factor, ActivABLES aims for increased home-
based therapeutic exercise and daily physical activity of community-dwelling
stroke survivors. The main message from the process of developing is that a
technical application like ActivABLES, which is based on use of smart
devices, is feasible for stroke survivors to use in their homes and a good
asset in the toolbox of rehabilitation professionals who serve community-
dwelling stroke survivors.

5.2 Community-dwelling stroke survivors and age

The results from the survey among community-dwelling stroke survivors
emphasize the need for exploring functioning and disability among stroke
survivors who are older than 65 years of age in different age-groups. We
found some differences between the older-old (> 75 years old) and younger-
old (65-74 years old) individuals as well as some similarities between the
younger-old (65-74 years old) and young stroke survivors (<65 years old).
These results indicate that 65 years might not be the only ideal cut-off age in
research of community-dwelling stroke survivors, even though it is often used
when studying this population.

Our survey is the first national survey conducted among stroke survivors
in Iceland and the mapping of functioning and contextual factors using ICF
along with comparisons across age-groups seems to be a novel approach.
Surveys among community-dwelling stroke survivors have been conducted at

59



Steinunn A. Olafsdéttir

different time points post-stroke in Australia (Andrew et al., 2014), Ireland
(Walsh et al., 2015), Sweden (Tistad et al., 2012; Jonsson et al., 2014) and
the United Kingdom (McKevitt et al., 2011). These surveys used different
approaches to reveal the personal, social and economic impact of stroke and
reflect various factors influencing how long-term clinical and social needs are
being met.

5.2.1 Age-groups of stroke survivors

Stroke survivors are often described as one group of people with a wide age
span and if there is some comparison between age-groups, there is a wide
range of methods of age-groupings (Table 13), which makes comparisons of
results difficult. Yet, the results indicate important differences and similarities
between the age-groups. At the same time older individuals may be more
challenged with stroke related impairments since they may have underlying
age related impairments. We should expect the older stroke survivors to be
different from the younger ones when looking at activities and participation in
their lives. Moreover, there are indications that the oldest stroke survivors are
underrepresented in research. As an example, a review on stroke
rehabilitation showed that the mean age of stroke survivors participating in
studies is almost ten years lower than the global mean age of stroke
survivors who use health services (Gaynor et al., 2014).

Table 13. Various grouping of age in studies on stroke survivors.

Definitions of age-groups

younger and older <65 and 265 (Andrew et al., 2014)
<70 and 270 (de Graaf et al., 2018)
10-year interval <50, 50-59, 60-69, 70-79, 280  (Francois et al., 2014)
20-year interval 20-40, 41-60, 61-80, >80 (Morris et al., 2017)
<45, 45-64, 65-84, 285 (Stein et al., 2020)
Young, young-old, old- <65, 65-74, 75-84, 285 (Jonsson et al., 2014)
old, oldest-old <65, 66-75, 76-85, 286 (Schnitzer et al., 2015)

Some studies have investigated two different age-groups of stroke
survivors, those who are older and younger than 65 years old (Andrew et al.,
2014; Bettger et al., 2015), which is a common retirement age and reflects
change of roles when people stop working (Hooyman & Kiyak, 2014a;
Hooyman & Kiyak, 2014b). Those studies often only reveal some differences
in functioning and contextual factors between the age-groups but are not
giving a thorough description of the stroke survivors who are 75 years and
older. This supports the idea of applying age-groups that are commonly used
in gerontological research where the older population is often divided into
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young-old, old-old and oldest-old. However, in our study the older population
(>65 years) was divided into only two age-groups, younger-old (65-74 years
old) and older-old (> 75 years old), since the oldest participants who were 85
years and older were too few to make a group (n=19).

5.2.2 Balance and falls of older stroke survivors

Balance impairments are common in stroke survivors and affect general
mobility and walking ability (Pollock et al., 2011). In our survey, balance
impairments were reported as the most frequent main symptom immediately
after the stroke (61.4% of participants) and the incidence among individuals
in the two older groups was higher than in the youngest group (<65 years
old). In total, 29.8% reported having experienced one or more falls in the past
year. Falls are important barriers to functioning (Walsh et al., 2015; Andrew
et al., 2014; McKevitt et al., 2011). A recent review reported the frequency of
falls among community-dwelling stroke survivors to range between 40-58% in
the first year after stroke (mean age 69 years) (Xu et al., 2018). The lower fall
rate in our study can be explained by a potential recall bias since the stroke
survivors had to recall their falls, but in some studies that focus on falls, the
data is collected with diaries (Walsh et al., 2018; Xu et al., 2018). Another
explanation could be that among the participants are stroke survivors who
had their stroke at least one year ago and up to two years ago, which can
potentially lower the mean if we expect that falls during 12-24 months after
stroke are fewer than during the first year.

Our findings from the SIS-domain of mobility, which includes items on
current balance impairments, show that the scoring of the older-old
individuals was significantly lower than of the other two age-groups,
indicating more impairments with mobility among the oldest group. In a study
by Tistad et al. (2012) the total score of the mobility domain was higher than
in our study (92 vs 83.3), but there was no comparison between age-groups
(mean age 68 years). In another study, where stroke survivors were divided
into two age-groups (younger and older than 65 years of age), the mean
mobility score was significantly lower among the older group compared with
the younger group (Wolf et al, 2012). It would have been interesting to see
the results for different age-groups of the older individuals to reflect better the
mobility of the individuals older than 75 years.

In our survey, 28.9% of the participants reported use of walking devices
and the older-old individuals reported significantly more use than both
younger groups. No information can be found on the use of walking devices
of community-dwelling stroke survivors in the literature. Due to mobility
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restrictions of stroke survivors, walking devices have been described as
facilitators to activities and participation (Jellema et al., 2016). The older-old
(=75 years) stroke survivors in our survey had more impaired mobility and
more walking devices than the younger-old (65-74 years) individuals, which
supports the idea of exploring stroke survivors older than 65 years old in
more age-groups.

One of the outcomes identified in ActivABLES was balance, based on the
literature which shows that stroke survivors often experience balance
impairments. ActivFOAM, which was developed for balance exercises, was
the exercise prototype that got the most positive feedback and results.
Balance impairments were the most reported symptoms immediately after the
stroke in our survey. Reflecting on these findings, the development of
ActivFOAM is highly relevant. The high prevalence of balance impairments
and potential consequences of falls support the idea of developing a
technical application to encourage and support home-based balance
exercises.

5.2.3 Health and social services in the community

According to clinical guidelines, community-dwelling stroke survivors should
have access to outpatient and home-based rehabilitation services (SIGN,
2010; Teasell et al., 2020). Our results showed that was the most used
health service 1-2 years after the stroke, with 34.2% of the participants
reporting use of in the last month prior to answering the survey. This is in line
with the CERISE European study which presented data from four European
countries; United Kingdom, Switzerland, Germany and Belgium where was
the most used outpatient service beside from medical care from general
practitioners (Schupp et al.,, 2012). Still, the authors concluded that
community services need to be better documented to facilitate a more
precise comparison on the effectiveness of rehabilitation programmes and
aftercare. In Iceland, for outpatient stroke survivors is available in private
clinics and stroke survivors” homes. Speech and language therapy and
occupational therapy are provided less and are partly based on the
availability of therapists (Icelandic Health Insurance, n.d.). Patients need a
referral from their general practitioner to be able to attend outpatient therapy
of any kind. At the same time, it depends on the availability of therapists and
stroke survivors” motivation if they will receive therapy of any kind. Home and
ambulant nursing are available upon request. Stroke survivors” use of
community services has not been documented, but the results of our survey
give good insight into services used.
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In our study, there was no difference between the age-groups on use of
physiotherapy services, which is different from the results of the CERISE
study that showed stroke survivors older than 70 years old were less likely to
receive outpatient services than the younger individuals (Schupp et al,
2012). However, the use of social domestic services and adult day-care was
more in the oldest group than in the two younger age-groups which indicates
worse functioning among the oldest individuals. These results emphasize that
rehabilitation professionals need to be aware of the fact that more older
individuals survive a stroke and they need rehabilitation services to maximize
their functioning (Hubbard et al., 2017). On the other hand, there is a lack of
knowledge on use of health and social services in the chronic phase of stroke
and more up-to-date information is hard to find.

5.3 Technical applications

Technical applications may be used by stroke survivors in community
rehabilitation to assist in maintaining functioning by encouraging therapeutic
exercise and daily physical activity. The use of technical applications through
smart devices is increasing in rehabilitation among community-dwelling
stroke survivors (Paul et al., 2016; Chen et al., 2019; Koh & Hoenig, 2020)
and facilitates participation after stroke (Marwaa et al., 2019).

5.3.1 ActivABLES

ActivABLES is a technical application that was developed for community-
dwelling stroke survivors to promote therapeutic exercise and daily physical
activity. The MRC framework (Craig et al., 2008) provided the guidance for
development of ActivABLES, which is a complex intervention with different
outcomes including balance, function of upper extremities and walking. It is
important to follow a relevant framework when developing successful
interventions and MRC has been used for developing complex interventions
for stroke survivors (Guidetti et al., 2020). Including future users in the
development of complex interventions is also highly valuable (Richardson et
al., 2016). Community-dwelling stroke survivors, caregivers and rehabilitation
professionals participated from the very beginning of the development
process by giving feedback and comments on the ideas and development of
the prototypes. Using a human-centred approach and co-design is highly
important, with the potential future users participating in every step of the
process of developing. In addition, a key element was involving the context of
potential future situations in the community where the stroke survivors will
use ActivABLES in their own homes.
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5.3.1.1 Prototypes of ActivABLES

In the development of ActivABLES, we emphasized the importance of stroke
survivors” being able to use ActivABLES at home. This is in line with what
other researches have pointed out, namely that stroke survivors and
caregivers have been calling for more follow-up services in the home
including more opportunities for therapeutic exercise and physical activity
(Krishnan et al., 2017; Hjelle et al., 2017). The participants in our feasibility
study also called for resources to use for home-based therapeutic exercise
and daily physical activity. The ActivABLES prototypes are small and do not
require a big space for use, which is different from many other technical
applications, like Wii and Kinect, where a television or a bigger screen is
needed. ActivABLES also offers activities aiming for different functional
outcomes and does not solely focus on one single exercise or activity, which
is often the case with technical applications. The results of the survey also
support the idea of ActivABLES where participants mentioned a need for
more . Although ActivABLES is not meant to replace rehabilitation services, it
has potential to be a good asset for rehabilitation professionals in supporting
and empowering the stroke survivors to engage in home-based therapeutic
exercise and physical activity. Thus, using ActivABLES can potentially further
induce motor learning with specific exercises and repetitions.

5.3.1.2 Feasibility of ActivABLES

The feasibility of ActivABLES was evaluated in terms of acceptability,
demand, implementation and practicality. It was encouraging for us to
experience the enthusiasm of the participants who were willing to give their
time and effort to make the most of ActivABLES. As was concluded from the
feasibility study, it is important to have wide range of exercises to avoid
tediousness. The stroke survivors who participated in the feasibility study
were very excited in the beginning and positive towards using ActivABLES.
At the end of the study, many described the importance of variety in exercise
and having someone supervising the use of ActivABLES.

ActivABLES was found to be feasible for stroke survivors to use for
therapeutic exercise and daily physical activity in homes. The expressed
functional improvements of the participants that were reported in the
interviews and the higher score of the functional measures after the four-
week use support the feasibility of ActivABLES. Most of the participants were
quite sedentary prior to the four-week use, although they were having on an
individual or group basis at least once a week. Therefore the improvements
may not solely be related to the use of ActivABLES, although it seems to
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have made them more aware of being physically active. The novelty of
having a technical application like ActivABLES in their homes seemed to
encourage the participants and they were enthusiastic to follow instructions
on the use.

Caregivers were included in the feasibility study. They were taught how to
use the prototypes and given instructions on supporting and encouraging the
stroke survivors to use the prototypes. The stroke survivors had relatively
good functioning, which is necessary for individuals to be community-
dwelling, and they were quite independent with using ActivABLES in a safe
way. Although the stroke survivors did not need much assistance from the
caregivers during the four-week use of ActivABLES, the stroke survivors
reported a need for supervision. This indicates that professional supervision
was needed to support progression of the exercises and discuss the
proceedings. Caregivers can give support, but, at the same time, they do not
have expertise in exercise and may lack the knowledge and incentive to
dedicate themselves to exercise in addition to the well-known burden of being
caregivers of stroke survivors. Their role needs to be specific, mostly with the
technical process, but in addition a professional supervision is needed.

Although ActivABLES gave promising results, these applications need
more developing. In the feasibility study, the participants were most satisfied
with ActivFOAM to exercise balance. However, more variety is needed in the
exercises and the games used with ActivFOAM. The application for walking,
WalkingSTARR, worked well as a step counter and visual feedback but the
games within the application were found to appeal more to kids and younger
people. The tools for hand- and arm-exercises, ActivBALL and ActivSTICKS,
need to be further developed to approach different ways of methods and
feedback while exercising as was initially aimed at. The lights, ActivLAMP
and ActivTREE, seemed to appeal to the participants. According to the MRC
framework (Craig et al, 2008), the next step is to go back into the
development phase to increase variety in exercise and construct more solid
prototypes. Then, further feasibility and pilot studies will be needed with
larger samples of community-dwelling stroke survivors.

ActivABLES has potential to be used by different groups of people who
might have balance impairments, impaired hand- and arm-function or need
encouragement for walking, but further research is needed. ActivABLES
might also be used in a different setting, like in hospitals or nursing homes,
but further research is needed. Finally, although the use of technical
applications in community rehabilitation might not improve functioning more
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than traditional rehabilitation, the progress is highly comparable. Use of
technology could also be more cost-effective and lessen the need for
professional involvement. It will also make rehabilitation services more
accessible for individuals who live in rural settings and where access to
rehabilitation professions is limited or during pandemics when physical
distancing is important.

5.3.2 Smart devices

The results from our survey show that participants of all ages have access to
some kind of smart device, which provides good opportunities to approach
community-dwelling stroke survivors with different technical rehabilitation
interventions in their own urban and rural homes. This good access is also
highly relevant during COVID times where physical distancing is the main
issue (Sheth et al., 2020; Koh & Hoenig, 2020). This access of smart devices
is in line with results from a study on Canadian community-dwelling stroke
survivors (Edgar et al., 2017). About one-third of the participants in our
survey reported they could potentially use smart devices in rehabilitation.
Other studies have confirmed that stroke survivors of all ages are interested
in using smart devices for rehabilitation, especially those who have an
experience of using smart devices (Kerr et al., 2018; Bird et al., 2018;
Pugliese et al., 2019). In a study from Canada, 91% of participating stroke
survivors (mean age 67.6 years) reported use of the internet and 71% on a
daily basis (Edgar et al., 2017).

In our survey, over a quarter of the oldest participants (=75 years old) and
almost three quarters of the younger-old (65-74 years old) used smart
devices on a regular basis. Moreover, almost half of the oldest participants
and 85% of the younger-old had access to smart devices, which increases
the potential for future use. International studies on use of smart devices in
the older population of community-dwelling stroke survivors were not found.
The stroke survivors in the oldest age-group were born prior to the year 1944
and have experienced enormous changes in the society, including learning to
use technical devices like computers, tablets and smart phones. This
generation might need more adjustment to this new world of technology than
younger generations who are kind of raised up in this technical environment.
Despite potential generational differences, older people’s access to smart
devices and willingness to use them indicates that rehabilitation professionals
must not exclude older people from using technical applications in community
rehabilitation. Older adults are willing to learn to use technology in different
areas and want to be independent with the use (Astell et al., 2020). Based on
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this, developing simple technical applications for use in community
rehabilitation and exploring the feasibility of such interventions is urgent.

5.3.3 Motivation for exercise and physical activity

The results from the BREQ-2 was used to measure self-determination and
non-self-determination for exercise. When compared to other patients group,
the self-determination among the stroke survivors was similar to cardiac
patients (Sweet et al., 2014), little higher than breast cancer survivors (Milne
et al., 2008) and little lower than people with mental illness (Vancampfort et
al., 2015). According to the SDT, the self-determination is considered to be
more important for individuals and their motivation to exercise than the non-
self-determination (Teixeira et al., 2012). In our survey, there was no
difference found between the age-groups in self-determination, which
indicates that the older population has similar motivation for exercise and
may be motivated to change their behaviour and engage in more exercise
and physical activity. We have not found studies that have used BREQ-2 in
different age-groups.

In our survey, the majority of participants (67.5%) reported physical
activity at least three times per week, but less than half (47.4%) fulfilled the
instructions on physical activity five times per week. The participants in the
feasibility study reported less physical activity. Most of them reported seeing
a physical therapist at a clinic a couple of times a week but were otherwise
physically inactive until their next session. ActivABLES is an application for
physical therapists to prescribe home-based therapeutic exercise and daily
for stroke survivors, in addition to their treatment at the clinics, and can
encourage the stroke survivor to be more active. ActivABLES can also
motivate community-dwelling stroke survivors to continue with home-based
therapeutic exercise and engage in physical activity without constant
supervision of professionals. For that reason, means to motivate stroke
survivors to engage in therapeutic exercise and physical activity are highly
important. Community-dwelling stroke survivors are found to be highly
inactive physically (English et al., 2014; Fini et al., 2017).

5.4 Methodological considerations

5.4.1 Participants in the survey

The response rate of the survey was 56.2%, which is considered to be good
for a mailed population-based survey (Safdar et al., 2016). Although the
participants were slightly older than the non-participants, we conclude that
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the results reflect the status of community-dwelling stroke survivors based on
the response rate. The majority of those who gave reasons for not
responding to the survey reported good recovery or no interest in answering,
while fewer reported dependency and cognitive impairments.

It is interesting to see that only 62.3% of the participants reported a
hemiparesis in one of the extremities as a symptom immediately after the
stroke. According to the literature, 88% of all individuals admitted with a
stroke show sign of hemiparesis (Bonita & Beaglehole, 1988). This difference
in prevalence may be the fact that our survey focused on community-dwelling
stroke survivors, possibly indicating that those who experience hemiparesis
immediately after the stroke may have more severe symptoms, which led
them to death, or made them unable to continue living in the be community
and more likely to be living in a nursing facilities.

Despite the fact that our survey was a national sample, it is small
compared to other national samples due to the small population of Iceland.
Therefore, we emphasized to reach all community-dwelling stroke survivors
who had experienced a stroke in a one year time period. To avoid sampling
bias, we decided to get access to a total sample of stroke survivors from
hospital registries, based on diagnosis of stroke. At the same time, some
misdiagnosis in registers are well-known (Burns et al., 2011) meaning we
might have missed some participants. We may also have missed some
potential participants due to wrong address or failure in delivery. Little more
than one-third of the participants received some help with completing the
survey, which may have prompted responses that were desirable to the proxy
as opposed to an accurate self-report from the participant. To avoid response
bias, the participants were encouraged to engage in answering the questions
based on their current situation with the emphasis of no answers being
wrong. Anonymity should also have encouraged participants to give honest
answers and avoid socially desired answers, although they were aware of the
fact that their names were connected to a code. Still, recall bias is common in
surveys since they often require participants to recall memories from the
past. In our survey these questions were not many since our aim was to
describe the current situation. The two standardized measures were put at
the end of the survey to address question order bias. Thus, the participants
were allowed to get familiar with the survey and give some more
personal/relevant information prior to answering the more complicated
measures.
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5.4.2 Participants in ActivABLES

The samples in the ActivABLES project were purposive, which is necessary
when developing resources for specific group of individuals, in our case, for
stroke survivors. Therefore, the participants in the feasibility study might have
been more interested and enthusiastic to use technical applications than the
general population of community-dwelling stroke survivors and their
caregivers. However, our samples included a range of younger and older
stroke survivors, as well as both men and women, which indicates that
ActivABLES is feasible for individuals of all ages.

5.4.3 Measures

The data in this thesis is based largely on self-reports and qualitative
interviews, which are inherently subjective and rooted in the personality and
experience of the participants, both the stroke survivors and their caregivers.
Additionally in the ActivABLES project, standardized functional measures
were conducted to describe and evaluate functioning of stroke survivors
participating in the process of developing ActivABLES. The psychometric
properties of the Icelandic version of ABC have been tested (Arnadottir et al.,
2010), but not of the SIS and BREQ-2, which were chosen based on their
content and face validity (Taherdoost, 2018) for Icelandic culture. They were
translated and reconstructed into Icelandic using the translation/back-
translation method to support the use of the measures within Icelandic culture
(Behling & Law, 2000). SIS is a stroke specific measure which supports the
choice of this measure. BREQ-2 on the other hand has not been used in
studies of stroke survivors. Some missing data was noticed in both of these
measures, indicating that participants might have found questions difficult to
answer.

5.5 |Interpretation

The majority of community-dwelling stroke survivors belong to the
heterogenous group of individuals 65 years and older. Our results indicate
that it is not sufficient to explore functioning and need for rehabilitation of this
population in two different age-groups with the age-cut at 65 years of age.
Moreover, it is necessary to take into the account the different functioning
and social role of the older individuals which are irrelevant to the stroke
incidence itself. Rehabilitation in the chronic state of stroke is of vital
importance and can be a life-long process for stroke survivors. The
healthcare system is unable to provide sufficient life-long services on a daily
basis. Technical applications, like ActivABLES, which was found feasible,
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have potential to be useful for community-dwelling stroke survivors for home-
based therapeutic exercise and daily physical activity. Even though
rehabilitation professionals may supervise use of technical applications, it
may promote efficient use of staff and cost, but further studies are needed.
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6 Conclusions

This thesis describes functioning and contextual factors of community-
dwelling stroke survivors in Iceland using the international language of ICF
and how stroke survivors can use a technical application for health-promotive
physical activities by using smart devices. Most individuals who experience a
stroke are older than 65 years old. Our results emphasize the need for more
age-specific studies of community-dwelling stroke survivors where more
attention is paid to the older populations and the heterogeneity among them.
Many of the technical interventions used in community rehabilitation are
based on interactive technical applications and use of smart devices. Our
survey results on contextual factors show, for example, that stroke survivors
of all ages have good access to smart devices, which gives potential for
participation and opens up for home-based rehabilitation using these
applications. ActivABLES was found feasible to motivate and promote home-
based therapeutic exercise and physical activity among community-dwelling
stroke survivors and the results show how this form of an interactive technical
application can be used by stroke survivors in their homes. For future
research it is important to pay attention to the older population and the fact
that rehabilitation for community-dwelling stroke survivors is not “one fit for
all”. A notice must be taken of the heterogeneity among stroke survivors who
have reached the age of 65 years and are considered “old”. It is a group of
individuals whose age-span is wide and can cover 30-40 years. At the same
time, the “baby-boomers” have reached or are approaching the older age and
they have lived through the technical age which makes them highly
competent in use of technical application in community rehabilitation.
Therefore, further studies on technical applications in rehabilitation among
community-dwelling stroke survivors of all ages are highly recommended.
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Abstract

Background: The heterogeneous group of community-dwelling stroke survivors across a
wide age-span and different disabilities needs diverse rehabilitation that is tailored to the
needs of the individuals. Therefore, it is important to gain a thorough understanding of the
functioning and contextual factors and to examine further how older age affects this
population. Our study aimed to map functioning and contextual factors among community-
dwelling stroke survivors, based on the International Classification of Functioning, Disability
and Health (ICF), and to explore if these factors differ among older-old (75 years and older),
younger-old (65-74 years), and young (18-65 years) stroke survivors.

Methods: A cross-sectional population-based national survey among community-dwelling
stroke survivors, 1-2 years after their first stroke. Potential participants were approached
through hospital registries. The survey had 56.2% response rate. Participants (N=114, 50%
men), 27 to 94 years old (71.6+12.9 years), were categorized as: older-old (n=51), younger-
old (n=34) and young (n=29). They answered questions on health, functioning and contextual
factors, the Stroke Impact Scale (SIS) and the Behavioural Regulation Exercise
Questionnaire-2.

Results: The responses reflected ICF s personal and environmental factors as well as body
function, activities, and participation. Comparisons between age-groups revealed that the
oldest participants reported more anxiety and depression and used more walking devices and
fewer smart devices than individuals in both the younger-old and young groups. In the SIS,
the oldest participants had lower scores than both younger groups in the domains of activities
of daily living and mobility.

Conclusion: These findings provide important information on needs and opportunities in
community-based intervention for stroke-survivors, and reveal that this population has good

access to smart devices which can be used in community rehabilitation. Moreover, our results
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support the need for analysis in subgroups of age among the heterogenous group of older

individuals in this population.

Key words:
Stroke rehabilitation, Independent living, Age distribution, Patient Reported Outcome

Measures, Disability evaluation, Biopsychosocial Models
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Introduction

Stroke is one of the primary causes of chronic disability in the Western world [1]. The
incidence of stroke increases with age [1], and despite the fact that stroke can happen at any
age, 75% of all strokes are among adults older than 65 years of age [2]. After hospitalization
and/or inpatient rehabilitation, the majority of stroke survivors are discharged home where
they may need appropriate rehabilitation to maximize their functioning [3-5]. For effective
rehabilitation interventions, it is crucial to understand the complex underlying factors that
create rehabilitation needs and contribute to positive outcomes in rehabilitation. Many recent
studies have focused on innovative technical interventions and smart devices to provide
rehabilitation to community-dwelling stroke survivors [6] and during the ongoing Covid-19
pandemic, there has been a surge in the implementation of telerehabilitation for these clients,
which includes use of smart devices [7]. Therefore, it is important to recognise the access and
use smart devices in different age groups as well as the age-related differences in the recovery
post-stroke among community-dwelling stroke survivors. Moreover, the theoretical framework
from the World Health Organization, International Classification of Functioning, Disability
and Health (ICF) [8] is useful to map and recognise various factors in surveys and identify

the opportunities for rehabilitation interventions [9].

Among these underlying factors are age-related changes in physical, cognitive, personal and
psychosocial function affect the health and functioning of each individual [10]. Therefore,
older community-dwelling stroke survivors may be more challenged than younger ones with
impairments after stroke in addition to age-related disability. In addition, older stroke
survivors might be less willing to use modern telerehabilitation due to attitudes towards
technology and computer anxiety [11]. Despite that, stroke survivors are often presented as

one group in studies, regardless of age [3,12-17]. Given the high incidence of stroke in the
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older population, heterogeneity among people who have reached the age of 65 years, and the
worldwide emphasis on aging in place, only a limited number of studies have attempted to
gain a deeper understanding of older age on community-dwelling stroke survivors [18-20].
Some studies have used the cut-off age of 65 years to compare stroke survivors, and only
revealed minor differences in functioning between the age-groups [21-22], indicating the
need to improve the consideration of age in more subgroups. These studies may not have
captured the important variations in functioning and contextual factors among the

heterogeneous group of stroke survivors older than 65 years old.

Applying gerontological theory in stroke research may be a useful approach for older age
categorization in the stroke literature. Within gerontological research, the classic definition of
old has been 65 years, the age when individuals can retire [23] and collect social security
benefits [24]. On the other hand, there has been a call for changing this definition of old to 75
years of age based on increased life expectancy, functional independence and more
employment of older people [25-27]. Research on stroke may benefit from exploring how the
definition of old age being 75 years of age fits the population of older stroke survivors, and
whether either cut-off point (75 or 65 years) is helpful in creating meaningful older age
categories among stroke survivors who are healthy enough to be community-dwelling. Based
on this, the group aged 75 years and older could be categorized as old and reflect people who
are expected to have substantial age-related changes in functioning and social roles; the group
aged 65-74 years old could be categorized as younger-old and reflect people who are
approaching older age with potential age-related changes in social roles and functioning; and
those who are younger than 65 years could be categorized as young and middle-aged and

reflect those who are expected to be following their career and engaged with family life.
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The heterogeneous group of community-dwelling stroke survivors across a wide age-span
and different disabilities needs diverse rehabilitation that is tailored to the needs of the
individuals, as well as support from the community to optimize their quality of life after
stroke. Therefore, it is important to gain a thorough understanding of the functioning and
contextual factors and to examine further how older age affects this population. Our study
aimed to: 1) map the functioning and contextual factors among community-dwelling stroke
survivors one to two years after their first stroke, based on the different components of the
ICF [8], and 2) to explore if functioning and contextual factors of this population differ
among old (75 years and older), younger-old (65-74 years), and young and middle-aged

stroke survivors (18-65 years).

Methods

Study design and participants

A cross-sectional population-based survey was mailed to eligible community-dwelling adult
stroke survivors who had been diagnosed with their first stroke one to two years earlier.
Potential participants were identified through registries from the two main hospitals in
Iceland, which gave the opportunity to approach the whole population diagnosed with stroke
in one year. To be defined as eligible the following inclusion criteria were used: Admission
to one of the two hospitals within a 12-month period (April 1% 2016 — March 31 2017) with
the diagnosis of stroke (ICD10 160-164) for the first time, and at least 18 years old when
diagnosed. Exclusion criteria were: Diagnosis of dementia (ICD10 F00-F03) prior to the time
of the study, living in a nursing home, not having an Icelandic national insurance number and
living abroad. The STROBE standardized reporting guidelines [28] were followed to

standardize the conduct and reporting of the study.
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The survey

We used the ICF Linking Rules [29-31] to link all survey items to the ICF and they covered

all the ICF components except for body structure (Fig 1).

Fig 1. Linking of the questions in the survey to the components of the ICF framework

The use of ICF and standardized questionnaires allows our study to be compared effectively
with international studies. The survey included 28 questions and two standardized
instruments: the Stroke Impact Scale (SIS) [32] and the Behavioural Regulation Exercise
Questionnaire 2 (BREQ-2) [33]. The SIS is an ICF-based stroke-specific health status
measure which assesses perceived recovery along with eight domains of functioning:
strength, memory and thinking, emotions, communication, activities of daily living
(ADL)/instrumental activities of daily living (IADL), mobility, hand function, participation
and perceived recovery [32]. Each SIS-domain includes a different number of questions
(range 4-10). A total score for each domain can be calculated if participant responds to at
least half of the questions, otherwise it is assigned as missing [34]. The total score for each
SIS-domain range from 0 to 100 where zero is an inability to complete the items and 100
means no difficulties experienced at all. For perceived recovery zero equals no recovery and
100 full recovery. A composite physical domain can be created by summing the score from
the domains for strength, hand function, mobility and ADL/IADL [34]. The SIS has shown
good psychometric properties including validity [35-36], inter-rater/intra-rater reliability [37],
test-retest reliability [34, 38], and internal consistency [34]. It has also been tested for use as a
mailed questionnaire showing high internal consistency [39]. The SIS has recently been

translated into Icelandic using a translation/back-translation method [40]. The BREQ-2
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assesses the motivation for exercise and includes 19 statements about engagement in
exercise, scoring on a five-point Likert scale (O=not true for me, 4=very true for me). The
BREQ-2 has five subscales: 1) amotivation, 2) external regulation, 3) introjected regulation,
4) identified regulation and 5) intrinsic regulation [33]. In line with the self-determined
theory, identified and intrinsic regulation address self-determination (score range 0-32) while
amotivation, external regulation and introjected regulation address non-self-determination
(score range 0-44) [41]. Higher scoring of self-determination is positively linked with
adaptive health behaviour but higher scoring of non-self-determination indicates the opposite
[42]. The psychometric properties of the BREQ-2 have been investigated in samples of
healthy people [33, 43] as well as in different patient groups [44-45]. To date, no data is
available on psychometric properties when used for stroke survivors but the content and
format supports its relevance within that group. Apart from the standardized instruments, a
few of the questions were from existing instruments: a question on history of falls from the
Prevention of Falls and Injury Trial [46], questions on fatigue and energy from the Fatigue
Assessment Scale [47] and Fatigue Severity Scale [48] and a question on pain from EuroQol-

5D [49].

The survey was self-reported but participants notified us by marking in an appropriate box if
they received assistance. This assistance was allowed to optimize the participation rate and
accuracy of responses among individuals with some writing, vision and/or minor
communicative problems. The survey was pilot-tested on four community-dwelling stroke
survivors (47-78 years old) who answered the final draft of the survey and gave feedback

concerning clearer wording and options for answers.
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Procedure

The survey, along with an information letter and a stamped envelope for return, was sent to
the eligible participants. As described in the information letter, participation was interpreted
as giving informed consent. If eligible stroke survivors had not responded within three weeks,
a researcher (SAO) followed up with a phone call. In the phone call the person was
encouraged to take part and was offered assistance. Participants who refused to take part were

politely asked to share the reason with the researcher.

The study was conducted according to the ethical principles of the Declaration of Helsinki
and approvals were obtained from the Icelandic Data Protection Authorities and the Icelandic

National Bioethics Committee (VSNb2017110024/03.01).

Statistical methods

The R-statistical software was used for data analysis, the level of significance was set at
P<0.05 and no corrections were made for multiple statistical tests. Imputation was used for
missing data in the BREQ-2, using predictive mean matching [50], and the process completed
with the statistical package ‘mice” in R, statistical software with random seed=500. Age in
years was used to create an ordinal variable with three categories; 75 years and older (>75),
65-74 years and younger than 65 years (<65). Descriptive analysis included mean and
standard deviation for the age variable, medians and range for other continuous data, and
frequencies and proportions based on valid answers for the categorical variables. T-tests were
used to compare participants and non-participants. For subgroup analysis by age and genders,

analysis of variance (ANOVA) was used for continuous data and Fisher’s exact tests for
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categorical variables. A post hoc text, TukeyHSD, was used for comparing possible age-

group pairings.

Results
Participants

A total of 454 individuals (men 53.1%) were admitted and diagnosed with a stroke (ICD10
160-164) within the pre-defined 12-month period (see flowchart in Fig 2). Eighty-six
individuals had died (18.9%) but most stroke survivors were excluded due to a previous
diagnosis of stroke (n=82, 18.1%). Eligible participants were 203 (men 51.7%) and 114

participated (men 50%), resulting in a 56.2% response rate.

Fig 2. Flowchart of inclusion of participants

The participants were slightly older than the non-participants (mean age 71.6 +12.9 years
versus 62.1£13.5 years; P=0.050) and came from similar residential areas (P=0.717), with a
comparable proportion of men and women (P=0.691). Of the 78 individuals who received a
phone call to facilitate their participation, 31 responded to the survey and 30 gave the
following reasons for not participating: good/full recovery (n=11), not interested (n=7),
difficult to remember the past (n=6) and dependent on others (n=6). Forty-one (36.0%)
individuals received assistance with completing the survey, with more participants being >75
years old (P=0.007) than younger than 65 years old, but with no difference between the

genders (P=0.329).
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The majority of participants (n=74, 66.1%) reported having had an ischemic stroke, with no
differences between age-groups (P=0.735) or gender (P=0.183). Eighteen (15.8%) had had a
haemorrhagic stroke, with no difference between the age-groups (P=0.052) but more women
(n=13, 23.6%) than men (n=5, 8.8%) (P=0.032). Twenty participants (17.9%) stated they
were unaware of the type of stroke they had had, with more participants older than 75 years
old than younger than 65 years old (P=0.003) but no difference between the genders

(P=0.685).

Mapping of the ICF components

Personal factors

The mapping of personal factors is presented in Table 1. The mean age of the participants
was 71.6+12.9 years, with the median being 73 years (range 27-94 years). Fifty-one
participants (44.7%) were >75 years old (men 45.1%), 34 (29.8%) were 65-74 years old (men
50%) and 29 (25.4%) were younger than 65 years old (men 58.6%), with no difference

between the genders in any of the age-groups (P=0.519).

A difference was found among all three age-groups in the number of comorbidities, where
the oldest individuals (=75 years) had the most comorbidities and the youngest (<65 years)
reported having the fewest. Cardiovascular diseases was the most common in all age-groups
with no difference between the age-groups (P=0.067). The oldest individuals had more
anxiety and depression than those in the younger age-groups (<65 years old P=0.043, 65-74
years P=0.028). A difference between the genders was only found in education, where men
had a higher level of education (P<0.001), lower prevalence of arthritis (P=0.023) and fewer

impairments in urinary function (P=0.041) than women.
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Table 1. Personal factors

Mean (SD) or N (%*)

All 75-94 years 65-74 years 27-64 years
(N=114) (n=51) (n=34) (n=29) p-value®
Demography
Age 71.6 (12.9)
Men 57 (50.0%) 23 (45.1%) 17 (50.0%) 17 (58.6%) 0.519
No postsecondary education 67 (58.8%) 31 (60.8%) 25 (73.5%) 11 (37.9%) 0.016¢
Main symptoms after the stroke®
Balance impairments 70 (61.4%) 31 (60.8%) 26 (76.5%) 13 (44.8%) 0.038¢
Aphasia 41 (36.0%) 17 (33.3%) 16 (47.1%) 8 (27.6%) 0.248
Memory impairments 37 (32.5%) 18 (35.3%) 11 (32.4%) 8 (27.6%) 0.789
Paresis/paralysis right UE 31(27.2%) 16 (31.4%) 9 (26.5%) 6 (20.7%) 0.638
Paresis/paralysis left LE 30 (26.3%) 14 (27.5%) 12 (35.3%) 4 (13.8%) 0.134
Paresis/paralysis left UE 29 (25.4%) 11 (21.6%) 11 (32.4%) 7 (24.1%) 0.555
Apraxia 24 (21.1%) 12 (23.5%) 9 (26.5%) 3 (10.3%) 0.237
Paresis/paralysis right LE 21 (18.4%) 7 (13.7%) 7 (20.6%) 7 (24.1%) 0.479
Problems with swallowing 18 (15.8%) 9 (17.6%) 7 (20.6%) 2 (6.9%) 0.277
Neglect 14 (12.3%) 6 (11.8%) 6 (17.6%) 2 (6.9%) 0.469
Visual disturbances 6 (5.3%) 1 (2.0%) 3 (8.8%) 2 (6.9%) 0.322
Face numbness/paralysis 5 (4.4%) 2 (3.9%) 1 (2.9%) 2 (6.9%) 0.719
Headache 5 (4.4%) 0 (0%) 3 (8.8%) 2 (6.9%) 0.088
Falls in the last 12 months
Experienced one or more fall 34 (29.8%) 18 (35.3%) 12 (35.3%) 4 (13.8%) 0.013¢
Had fractures from falls 8 (7.0%) 4 (7.8%) 2 (5.9%) 2 (6.9%) 0.383
Comorbidities
Number of comorbidities 1.5(1.2) 2.0(1.2) 1.4 (1.2) 0.8 (0.8) <0.001f
Cardiovascular disease 58 (50.9%) 32 (62.7%) 13 (38.2%) 13 (44.8%) 0.067
Osteo-/Rheumatoid Arthritis 28 (24.6%) 15 (29.4%) 11 (32.4%) 2 (6.9%) 0.024¢
Impaired urinary function 24 (21.1%) 19 (37.3%) 5 (14.7%) 0 (0%) <0.001f
Anxiety/depression 18 (15.8%) 16 (31.4%) 1(2.9%) 1 (3.4%) <0.001¢
Diabetes 14 (12.3%) 6 (11.8%) 7 (20.6%) 1(3.4%) 0.140
Cancer 13 (11.4%) 6 (11.8%) 5(14.7%) 2 (6.9%) 0.647
Osteoporosis 9 (7.9%) 6 (11.8%) 1(2.9%) 2 (6.9%) 0.366
Myalgia 5 (4.4%) 2 (3.9%) 0 (0%) 3 (10.3%) 0.120
COPD 4 (3.5%) 1 (2.0%) 3 (8.8%) 0 (0%) 0.200

Abbreviations: UE=Upper extremity, LE=Lower extremity, No=Number, COPD=Chronic obstructive

pulmonary disease
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271

Proportions are based on valid data for each variable.
“Fisher’s Exact Test the categorical variables and Linear Model ANOVA for the continuous variable of number

of comorbidities.

“The main symptoms after stroke were linked to personal factors as a lived experience, since the results reflected
the current situation of participants, 1-2 years after stroke.
dDifference between <65 years old and 65-74 years old.

Difference between <65 years old and both older groups.

fDifference between all three groups.

Difference between >75 years old and both younger groups.

Environmental factors

The mapping of environmental factors is presented in Table 2. The oldest individuals (>75

years) had more walking devices (<65 years old P=0.007, 65-74 years old P=0.020) and

more security buzzers (<65 years old P=0.001, 65-74 years old P<0.001) than those in the

younger age-groups. The majority of participants had access to smart devices, with

computers being the most common. The oldest individuals had less access to computers (<65

years old P=0.004, 65-74 years old P=0.002) and smart phones (<65 years old P<0.001, 65-

74 years old P<0.001) than those in the younger age-groups. No differences were found

between the genders in any of the environmental factors studied.

Table 2. Survey items linked to the ICF component of environmental factors

N (%%)

All 75-94 years 65-74 years  27-65 years
Environmental factors (N=114) (n=51) (n=34) (n=29) p-value®
Residence, housing and pension
Live in capital area (¢215) 76 (66.7%) 41 (80.4%) 16 (47.1%) 19 (65.5%) 0.007¢
Live alone (¢398) 32 (28.1%) 21 (41.2%) 7 (20.6%) 4 (13.8%) 0.017*
Had to change housing after stroke (e155) 2 (1.8%) 1(2.0%) 1(2.9%) 0 (0%) 1.000
Good access in home (e155) 107 (93.9%) 46 (90.2%) 34 (100%) 27 (93.1%) 0.208
State pension® (e570) 77 (67.5%) 50 (98%) 26 (76.5%) 1 (3.4%) <0.001¢
Invalidity pension? (€570) 10 (8.8%) 0 (0%) 0 (0%) 10 (34.5%) <0.001"
Access to assistive and smart devices
Walking devices (e120) 33 (28.9%) 24 (47.1%) 6 (17.6%) 3 (10.3%) <0.001!
Wheelchairs (e120) 5 (4.4%) 1(2.0%) 2(5.9%) 2 (6.9%) 0.519
Other assistive devices (el15) 14 (12.3%) 7 (13.7%) 3 (8.8%) 4 (13.8%) 0.497
Buzzer (el15) 33 (28.9%) 28(54.9%) 3 (8.8%) 2 (6.9%) <0.0011
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273
274
275
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282

283

284

285

286

287

288

Laptop or computer (e130) 78 (68.4%) 24 (47.1%) 29 (85.3%) 25(86.2%)  <0.001

Smartphone (e130) 69 (60.5%) 17 (33.3%) 28 (82.4%) 24 (82.8%)  <0.001

Tablet (e130) 50 (43.9%) 14 (27.5%) 16 (47.1%) 20 (69.0%) 0.001"
Health care and social services

Inpatient rehabilitation after stroke (e580) 96 (84.2%) 42 (82.4%) 29 (85.3%)  25(86.2%) 1.000

Services during last month (e5) 52 (45.6%) 32(62.7) 14(41.2%)  6(20.7%) 0.001f
Physical therapy (e580) 39 (34.2%) 22 (43.1%) 12 (353%)  5(17.2%) 0.054

Occupational therapy (¢580) 1(0.9%) 0 (0%) 1 (2.9%) 0 (0%) 0.553

Speech therapy (e580) 1 (0.9%) 1(2.0%)  0(0%) 0 (0%) 1.000

Home nursing (e580) 8(7.0%)  5(9.8%) 2(5.9%) 1 (3.4%) 0.648

Ambulant nursing(e580) 1 (0.9%) 0 (0%) 1 (2.9%) 0 (0%) 0.533

Social domestic (e575) 16 (14.0%) 13 (25.5%) 1(2.9%) 2 (6.9%) 0.006!

Adult day care (e580) 504.4%) 50.8%)  0(0%) 0 (0%) 0.056'

Transportation services(e575) 7(6.1%) 6(11.8%) 0(0%) 1 (3.4%) 0.071

Fulfilled needs (n=50) (¢580) 33 (28.9%) 19 (37.3%) 9(26.5%) 5 (17.2%) 1.000

“Proportions are based on valid data for each variable.

“Fisher’s Exact Test for categorical variables.

“State pension can be received at the age of 65.

dPersonal Independence Payment can be received at the age of 18-66.
*Difference between >75 years old and 65-74 years old.

‘Difference between >75 years old and <65 years old.

¢Difference between all three groups.

"Difference between <65 years old and both older groups.
iDifference between >75 years old and both younger groups.

Body function

Motivation for exercise, which was assessed with BREQ-2, showed more self-determination
than non-self-determination in all age-groups. No difference was found in self-motivation
between the age-groups but the oldest age-group reported more non-self-determination than
the youngest group (P=0.034). No differences were in found in other categories of body

function between the age-groups or genders (Table 3).

Table 3 Survey items linked to the ICF component of body function

Mean (SD) or N (%?*)
27-64
(N=Allll 4 752?112,:; 'S 65-74 years years
Body function (n=34) (n=29) p-value

BREQ-2 for motivation of exercise (b130)
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Table 3 Survey items linked to the ICF component of body function

Mean (SD) or N (%?)

All 75-94 years 27-64

) (N=114) (n=51) 65-741 years ye_ars
Body function (n=34) (n=29) p-value
Self-determination 4.8(2.4) 4.9(2.3) 4.8(2.3) 4.6(2.8) 0.786°
Non-self-determination 3.0(2.1) 3322 3.3(2.0) 2.1(2.0)  0.028%¢

I get tired very quickly (b455) 0.189¢
Never or seldom 25(23.6%) 8(16.3%) 8(25.8%)  9(34.6%)
Sometimes, most often or always 81(76.4%) 41 (83.7%) 23 (74.2%) 17 (65.4%)

Fatigue is among my most disabling symptoms (b455) 0.262¢
Never or seldom 40 (43.0%) 14 (34.1%) 13 (46.4%) 13 (54.2%)
Sometimes, most often or always 53 (57.0%) 27 (65.9%) 15(53.6%) 11 (45.8%)

I have enough energy for everyday life (b130) 0.787¢
Never or seldom 16 (15.4%) 8 (182%) 4(12.5%) 4 (14.3%)
Sometimes, most often or always 88 (84.6%) 36 (81.8%) 28 (87.5%) 24 (85.7%)

Statements on pain today (b280) 0.808¢

No or slight pain 80 (75.5%) 33 (71.7%) 26 (78.8%)
Moderate, severe or extreme pain 26 (24.5%) 13 (28.3%) 7 (21.2%)

21 (77.8%)
6 (22.2%)

*Proportions are based on valid data for each variable.
Linear Model ANOVA.

Fisher’s Exact Test for categorical variables.
dDifference between >75 years old and <65 years old.

Activities and participation

The mapping of activities and participation is presented in Table 4. The majority of

participants (70.2%) drove a car with fewer individuals in the oldest group than in both

younger groups (<65 years old P=0.023, 65-74 years old P=0.012). They also depended more

on others for transportation than those younger than 65 years old (P=0.031). Compared to

both younger groups, the oldest individuals used computers less (<65 years old P<0.001, 65-

74 years old P<0.001) and smart phones (<65 years old P<0.001, 65-74 years old P=0.001).

Men were working more full-time (P=0.029) and part-time (P=0.020) than women, and

women depended more on others for transportation (P<0.001) than men. No differences were
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found between the genders in other factors studied within the components of activities and

participation.

Table 4. Survey items linked to the ICF component of activities and participation

N (%)
All 75-94 years 65-74 years 27-64 years
Activities and participation (N=114) (n=51) (n=34) (n=29) p-value®

Employment status

Working full-time (d850) 17 (14.9%) 1(2.0%) 3 (8.8%) 13 (44.8%)  <0.001¢

Working part-time (d850) 9 (7.9%) 0(0%) 5(14.7%) 4 (13.8%) 0.005

Volunteering (d855) 5(44%) 239%) 2(5.9%) 1 (3.4%) 1.000
Transportation

Drive a car (d475) 80 (70.2%) 29 (56.9%) 27 (79.4%) 24 (82.8%) 0.023¢

Depend on others® (d470) 27 (23.7%) 18 (35.3%) 7 (20.6%) 2 (6.9%) 0.019¢

Use public transport (d470) 9(7.9%) 6(11.8%) 1(2.9%) 2 (6.9%) 0.366

Use of smart devices
Regular use of a laptop or computer (d369) 62 (54.4%) 14 (27.5%) 25 (73.5%) 23 (79.3%) <0.001f

Regular use of a smartphone (d369) 59 (51.8%) 14 (27.5%) 23 (67.6%) 22 (75.9%) <0.001f

Regular use of a tablet (d369) 38 (33.3%) 9(17.6%) 14 (41.2%) 15(51.7%) 0.003¢
Physical activity or exercise

At least three times a week (d570) 73 (64.0%) 30 (58.8%) 24 (70.6%) 19 (65.5%) 0.559

At least five times a week (d570) 54 (47.4%) 23 (45.1%) 17 (50.0%) 14 (48.3%) 0.888

*Proportions are based on valid data for each variable.

®Fisher’s Exact Test for categorical variables.

“Includes depending on individuals as well as use of transportation services for disabled.
dDifference between <65 years old and both older groups (P<0.05).

Difference between >75 years old and <65 years old.

fDifference between >75 years old and both younger groups.

Stroke Impact Scale

The results from the SIS are presented in Table 5. The highest score was in the
communication domain (median=92.9, range 10.7-100) and the lowest score was in the
emotion domain (median=63.9, range 30.6-87.5). Differences were found between the age-
groups in three domains: ADL/IADL (P=0.002), mobility (P<0.001) and participation

(P=0.020) as well as in the composite physical domain (P=0.040). The oldest individuals
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321 (=75 years) deviated from the two younger age-groups in ADL/IADL (<65 years old

322 P<0.001, 65-74 years old P=0.037) and mobility (<65 years old P<0.001, 65-74 years old
323 P=0.016) and from the youngest group (<65 years) in participation- (P=0.005) and composite
324  physical domain (P=0.015). Women reported worse mobility (P=0.006) and hand function
325  (P=0.025) than men.

326

Table S. Results from Stroke Impact Scale

Median [Min, Max]

Domains of Stroke Impact Scale All 75-94 years 65-74 years 27-65 years
(ICF code) (N=114) (n=51) (n=34) (n=29) p-value®
Strength (b730) 75.0[18.8,100] 75.0[25.0,100] 65.6 [37.5,100] 93.8[18.8,100]  0.096
Memory and thinking 85.7[3.57,100] 89.3 [3.57,100] 78.6[39.3,100] 89.3[28.6,100]  0.403
(b114, b140, b144, b160, d230)
Emotions (b152) 63.9 [30.6, 87.5] 61.1[33.3,86.1] 68.1 [33.3,87.5] 69.4[30.6,86.1] 0.530
Communication 92.9[10.7,100] 92.9[10.7,100] 91.1[14.3,100] 92.9[20.0,100]  0.387

(b167, d350, d360)

ADL/IADL (b525, b620, d510, d520, 87.5[27.5,100] 82.5[27.5,100] 90.0[45.0,100] 100 [27.5,100]  0.002¢
ds30, d540, d550, d620, d640)

Mobility 83.3[11.1,100] 72.2[11.1,100] 83.3[47.2,100] 100[25.0,100] <0.001°
(d410, d415, d450, d455)

Hand function 90.0 [0, 100]  85.0 [5.00, 100] ~ 80.0 [0, 100] 100 [0, 100] 0.167
(d430, d440, d445)

Participation (4750, d760, d850, 78.119.38, 100] 75.0[9.38, 100] 75.0[28.1,100]  98.4[40.6, 100]  0.020°

dg55, d920, d930)
Perceived recovery (personal factor) 80.0[15.0, 100] 77.5[15.0,100] 75.0[35.0,100] 87.5[30.0, 100] 0.143
Composite physical domain® 78.7[15.6,100] 73.8 [27.4,100] 76.1[39.9,100] 93.8[15.6,100]  0.040¢

327 “Linear Model ANOVA

328 *Composite physical domain includes the domains of strength, ADLs/IADLSs, mobility, and hand function.
329 “Difference between >75 years old and both younger groups.

330 Difference between >75 years old and <65 years old.

331

332 Discussion

333 Our results highlight functioning and contextual factors among community-dwelling stroke
334 survivors one to two years after their first stroke based on the ICF and reveal interesting

335  differences and similarities between the three specific age-groups of stroke survivors.
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Although differences were most notable between the oldest (=75 years old) and the youngest
group, (<65 years old), there were some important differences between the two older groups
indicating more impairments and showing that more support is needed among the oldest
individuals (=75 years old). At the same time there were some noteworthy similarities
between the two younger groups which indicate high functioning of these two age-groups. In
line with studies within gerontology, these results support the need for exploring functioning

among stroke survivors who are older than 65 years of age in different age-groups.

In our study, the ICF was used to organize the complex pattern of functioning and disability
one to two years after stroke and to map contextual factors of community-dwelling stroke
survivors. Moreover, we used the linking rules [29-31] to code all the variables from our
survey and link them to the appropriate ICF categories, and thereby we transformed our
results to the international language of the ICF. Other national surveys have been conducted
with different survey items and different time points post-stroke [12,16,17,20,21] and linking

their variables to the ICF would improve the potential for international comparisons.

In studies focusing on potential age differences among stroke survivors, the age-groups and
analysis fluctuate markedly [4,5,18-21,51], which makes comparisons of results difficult, but
in general, worse functioning is associated with higher age. In a study on stroke survivors, 10
years after stroke, increased age was correlated with less functioning and more disability,
when four specific age-groups were compared (<65 years, 65-74 years, 75-84 years and >75
years) but differences between the groups were not analysed [20]. In a study on participation
of stroke survivors younger and older than 70 years old, the older group had significantly
more restrictions in participation due to impaired mobility [18]. A study on stroke survivors

showed that age was significantly associated with care dependency, and those who were

18



361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

older than 75 years old had more risk of care dependency than stroke survivors 75 years and

younger [19].

Use of technical solutions through smart devices is increasing in rehabilitation among
community-dwelling stroke survivors [52-55] and facilitates participation after stroke [56].
Studies have shown that they are interested in using smart devices for exercise and physical
activity, especially those who have an experience of using smart devices [57,58]. Our results
show that participants of all ages have access to some kind of smart device, which provides
good opportunities to approach community-dwelling stroke survivors with different
rehabilitation interventions in their own urban and rural homes. This good access is also
highly relevant during COVID times where physical distancing is the main issue [7]. The
oldest participants (>75 years) used smart devices the least, although over a quarter of them
reported regular use of computers and smartphones. At the same time, almost half of them

had access to smart devices, which gives potential for future use.

Results from studies on gender differences of stroke survivors are mixed but there are
indications that women experience more severe strokes and have worse post-stroke
functioning than men [59]. Research also suggests that women may also be less likely to have
their health needs fulfilled than men [21]. Although we did not find many differences
between the genders, the few differences we found supported the indications on women being

worse off compared to men after stroke.

The response rate of our survey was 56.2%, which is considered good for a mailed

population-based survey where the potential participants are identified from registries that

cover all citizens diagnosed with stroke [60]. In previous surveys on stroke survivors,
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participants have been recruited from stroke clinics and support groups and showed a wide
response rate, in the range 17-78% [16,17,21]. Surveys that recruit individuals from support
groups and volunteers tend to have higher response rates than surveys where participants are
identified through registries like in our study [21]. Both the sample of the total population
and the acceptable participation rate of the survey strengthen the generalizability of the

results.

Successful community rehabilitation must be tailored to the individuals needs and directed
toward maximizing stroke survivors” functioning, which is based on potentially complex
interactions between stroke survivors” health condition and contextual factors.

Sixty-five years might not be the ideal cut-off of age, even though it is often used when
studying community-dwelling stroke survivors. Moreover, the findings reveal the need to
direct the focus of rehabilitation and research towards the heterogeneous group of older

stroke survivors in order to discover how to best meet their community requirements.

Limitations

The small sample size, mainly due to the small population of the Icelandic nation, limited the
power of the study resulting in possible underestimation of differences between the age-
groups. Moreover, the study was powered enough to detect some differences between the
age-groups. Nevertheless, the finding should represent well the functioning of community-
dwelling stroke survivors in this nation, since the sample is based on hospital registries of the
two main hospitals in Iceland where most stroke survivors are admitted. The small sample
size also limited the possibilities of multivariate analysis of the data. This should challenge
future research to use larger samples to detect further differences between age-groups and to

further analyse older as well as younger age-groups of community-dwelling stroke survivors.
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About one third of the participants received some help with completing the survey which
may have prompted responses that were desirable to the proxy as opposed to an accurate
response from the participant. However, this might have given us answers from older

participants and/or participants with writing, vision or communicative problems.
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Abstract

Background: Novel technical solutions are called for to promote home-based exercise among community-dwelling
stroke survivors supported by their caregivers. Lack of resources and knowledge about how to accomplish it, has
been demonstrated. The objective of this study is to describe in detail the development of ActivABLES, a technical
intervention to promote home-based exercise and physical activity engagement of community-dwelling stroke
survivors with support from their caregivers.

Methods: The technical development process of ActivABLES was guided by the Medical Research Council (MRQ)
framework for development and evaluation of complex interventions as well as by principles of human-centred design
and co-design. The main steps included: (1) Synthesis of evidence supporting the inclusion of balance exercises,
mobility and walking exercises and exercises for the upper arm; (2) Implementation of initial user studies with
qualitative data collection from individual interviews with stroke survivors, and focus group interviews with caregivers
and health professionals; (3) Preliminary testing of eight prototypes with seven stroke survivors and their caregivers.

Results: After the preliminary testing of eight prototypes, four prototypes were not further developed whereas four
prototypes were modified further. In addition, two new prototypes were developed, leaving six prototypes for further
modification: 1) ActivFOAM for balance exercises, 2) WalkingSTARR to facilitate walking, 3) ActivBALL for hand exercises,
4) ActivSTICKS for upper arm exercises, and 5) ActivLAMP and 6) ActivTREE which both give visual feedback on
progress of daily exercise and physical activities. ActivFOAM, ActivBALL and ActivSTICKS are all connected to a tablet
where exercise instructions are given. All the exercise prototypes can be connected to ActivLAMP and ActivTREE to
give feedback on how much exercise the user has done. Settings can be individualised and recommended daily time
and/or repetition can easily be changed as the user progresses to higher activity levels.
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(Continued from previous page)

Conclusions: The development process of ActivABLES was guided by the principles of human-centred design, with
iterative testing of future users, and by the MRC framework of complex intervention, with a repeated process of
development and testing. This process resulted in six prototypes which are available for feasibility testing among a

small group of community-dwelling stroke survivors.

Keywords: Stroke survivors, Home-based exercise, Technical intervention

Background

The global incidence of stroke is increasing while the
mortality rate is decreasing [1-3]. In 1990-2016, global
age-standardized mortality decreased by 36.2%, leaving
more people with chronic disability [3]. The impact of a
stroke depends on the lesion location and the size of the
affected area in the brain [4]. Studies have reported a de-
crease in functional outcome, an increase of functional
dependence, and a lower quality of life after stroke [4, 5].
The symptoms can be relatively mild, and the stroke sur-
vivor may be independent in activities of daily living
(ADLs). On the other hand, symptoms can be so severe
that the stroke survivor is dependent on others for ADLs.
Additionally, about one-third of stroke survivors present
with depression, which significantly impacts patients” well-
being, recovery as well as their rehabilitation [6].

Various clinical practice guidelines [7-9] and systematic
reviews [10-13] have summarised the evidence of positive
effects of task-oriented exercise on the various outcomes
of patients with stroke. Studies have shown that 30-60
min of training per day, five to seven days per week, is
effective [11]. Continuation of exercise after a period of in-
patient rehabilitation is important to optimise functional
level [10, 12, 14, 15] and exercise and physical activity
should be a lifelong process for stroke survivors [16].
Strong evidence exists for physical therapy interventions
favouring intensive highly repetitive, task-oriented and
task-specific exercise in all phases after stroke [12, 17].
However, community-dwelling stroke survivors only re-
ceive a limited amount of outpatient exercise and physical
activity after inpatient rehabilitation. In four European
countries, physical therapy was the most frequently used
follow-up health service after inpatient rehabilitation,
apart from medical care provided by a general practitioner
[18]. Physical therapy services may only be available for a
limited amount of time per week, which does not fulfil the
need for daily exercise and physical activity. Therefore,
community-dwelling stroke survivors need to be moti-
vated to continue with home-based exercise and engage in
physical activity without the constant supervision of pro-
fessionals. For that reason, finding ways to motivate stroke
survivors to engage in home-based exercise and physical
activity is highly important.

Stroke survivors often have little motivation and confi-
dence to continue with home-based exercise on their

own after hospitalisation or inpatient rehabilitation
[19, 20]. Lack of motivation and understanding about
how to incorporate daily activities into an exercise
plan, have been reported as reasons for limited un-
supervised exercise adherence of stroke survivors [21].
A systematic review synthesised the evidence from six
studies, exploring perceived barriers and motivators to
physical activity after stroke, and showed that lack of
motivation was a barrier to physical activity, in
addition to environmental factors and health concerns
[20]. Another systematic review focused on the de-
signing of rehabilitation games and explored stroke
survivors’ motivation in rehabilitation. Factors posi-
tively influencing stroke survivors’ level of motivation
included social and emotional support from family
members, the patient-therapist relationship, goal set-
ting and music [22]. When designing ways to promote
exercise and facilitate physical activity, it is important
to understand what factors can motivate and hinder
stroke survivors in exercise and physical activity.

The literature shows that informal caregivers (hereafter
referred to as caregivers), who are often family members,
express willingness and are often able to support stroke
survivors with home-based exercise, resulting in the stroke
survivors acquiring improved physical and mental func-
tion [12, 23-25]. Still, they often lack knowledge about
what and how to do it and need more professional sup-
port and/or supervision to feel secure supporting the fam-
ily member after stroke [26, 27]. Therefore, it is important
to find ways and resources to support them in encour-
aging home-based exercise and increased physical activity
for the stroke survivors.

Studies have reported good adherence of community-
dwelling stroke survivors to exercise and perform physical
activity when using technical applications in their homes
to support these activities [28—30]. Technical interventions
and applications that can be used for exercise and physical
activity are increasingly being researched for different
groups, including stroke survivors. Tangible interaction of-
fers significant potential benefits, creating tangible user in-
terfaces (TUIs) that are easy to handle for persons with
cognitive or motor impairments [31]. Moreover, there are
indications that the use of technology can motivate stroke
survivors to engage in home-based exercise and physical
activity [32], and motivational feedback seems to be the
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most important factor in technical solutions [33]. Tech-
nical interventions can offer repetitive and challenging
exercises which are necessary for brain plasticity and
motor learning [34]. The results from reviews of use of
technical interventions have shown functional improve-
ments [35, 36]. Some studies have investigated exercise
in virtual reality [28, 35, 37, 38] and the use of video
games, such as Nintendo Wii [36, 39-41] and Micro-
soft Kinect [42, 43] on which motion-controlled games
may be played [22, 29, 32]. Games played through tech-
nical applications can motivate stroke survivors to par-
ticipate in home-based exercise [35, 44, 45] and they
are effective in improving balance and independence
[46]. A systematic review showed that it is important
that stroke rehabilitation games combine mental sup-
port, motivation and accessible interfaces in order to
have a positive impact on participation in exercise and
physical activity. Empowering stroke survivors to take
charge of their own rehabilitation was important to ini-
tiate playing games and exercising [32].

The purpose of this paper is to report on the develop-
ment of ActivABLES, a modular technical intervention built
of multiple exchangeable components, to allow its thorough
review and replication. The aim of the ActivABLES inter-
vention is to motivate and support community-dwelling
stroke survivors with home-based exercise to increase phys-
ical activity with support from their caregivers, and under
the supervision of a physical therapist or other rehabilita-
tion professionals. Our research question is: How can a tan-
gible intervention, aiming to increase exercise and physical
activity for community-dwelling stroke survivors, be devel-
oped with the involvement of future users?

Methods

The design was based on the Medical Research Council
Framework (MRC), human-centred design and co-design.
A three-step procedure was used for the development of
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ActivABLES which included: (1) identifying the evidence
and outcomes where we used the findings from earlier sys-
tematic reviews, (2) implementation of an initial user study
and iterative tests which included qualitative individual and
focus group interviews with stroke survivors, caregivers and
professionals, and (3) preliminary testing where each proto-
type was tested in the home of seven stroke survivors for a
few hours. The study was approved by the National
Ethics Committee of Iceland (Ref. VSNb2015110001/
03.01), the Regional Ethics Committee in Lund, Sweden
(dnr 2015/678) and the City of Helsinki, Finland (HEL
2016-002570). The study was conducted between
September 2015 and March 2018 in accordance with
the principles of the Declaration of Helsinki, and all par-
ticipants signed an informed consent for participation.

The Medical Research Council framework

The MRC framework for development of complex inter-
ventions was used to guide the development of the
ActivABLES as a healthcare intervention. The MRC
framework defines interventions that contain several
interacting components as complex interventions and
provides guidance for their development [47] (Fig. 1).
The framework describes the process of development,
which includes four phases; (i) Development, (ii) Feasi-
bility and piloting, (iii) Evaluation and (iv) Implementa-
tion. These phases do not have a linear sequence and
each one can affect the others. In this paper, we report
on the first phase of the framework which includes the
development of ActivABLES. We used the first two
phases of the framework. The Criteria for Reporting the
Development and Evaluation of Complex Interventions
in Healthcare (CReDECI 2) was used to report the
phases of the development process [48].

Human-centred design and co-design
The technical development process of ActivABLES was
guided by the principles of human-centred design (HCD)

separate paper)

—

Feasibility and piloting
* Feasibility study (presented in a

Development I & II

* Identifying the evidence

* Modelling process and outcomes
« Iterative testing of prototypes

* Preliminary testing

Evaluation

Assessing effectiveness
* Understanding change process
» Assessing cost effectiveness

Implementation
* Dissemination

Fig. 1 Medical Research Council framework for ActivABLES

* Surveillance and monitoring
Long term follow-up
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(ISO 9241-210:2010) and methods of co-design. HCD is a
management framework that develops solutions by involv-
ing the human perspective in all steps of the problem-
solving process [49]. Co-design assumes that individuals of
equal cognitive and physical abilities participate in the de-
velopment process [50]. This design is often used when
interactive technologies are being developed. During the
development process and prior to the feasibility study con-
ducted in Iceland, small technical tests were performed
iteratively in Sweden and Finland. These tests involved
stroke survivors, caregivers and health professionals, and
included the testing of several aspects of the prototypes,
such as user interface, usability, etc. The technical and de-
sign process has been described in previous papers: the ini-
tial studies and user requirements [51], the balance part of
the technical system [52], the development of the arm/
hand tools [53] and the app design [54].

The ActivABLES team

The ActivABLES research team includes multi-
disciplinary researchers from (i) Iceland: five nurse sci-
entists (TBH, HJ, IB, IH, EP) and two physical therapist
scientists (SAO, SAA) with extensive experience in
stroke rehabilitation and research; (ii) Sweden: two de-
sign sciences engineers (CM, HC); and (iii) Finland:
three computer scientists (DM, MK, LM) and one com-
puter scientist student (WB), all with experience in the
development of technical interventions in healthcare.
Throughout the development process, the team had bi-
weekly Skype meetings and six cross-country meetings
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where the research team discussed the progress of the
development and the research work (Fig. 2).

Development process of ActivABLES
The development of ActivABLES involved the three fol-
lowing steps (Fig. 2):

Step 1. Identifying the evidence and outcomes
We identified the evidence base for effective exercise in-
terventions and important outcomes for stroke survivors.
The findings of systematic reviews showed the import-
ance of augmenting exercise and physical activities
among stroke survivors [10, 15, 55]. Physical inactivity
and sedentary behaviour are significant considerations at
all stages after stroke (acute, subacute and chronic) and
seem to increase from the subacute state to the chronic
stage [56, 57]. Many stroke survivors do not continue
with training and become physically inactive following
inpatient rehabilitation [55, 57], often due to depression
or lack of motivation [20, 22].

The following evidence from systematic reviews was
used to identify the outcome measures for the ActivA-
BLES intervention:

e Balance: Balance impairments are very common in
stroke survivors, affect general mobility and walking
ability [58], and increase the risk for falls. Studies
have shown that 33—-48% of stroke survivors fall at
least once within the first year after their stroke
[59]. Balance exercises can result in improved

| ActivABLES |

2016

| 2017 |

2018 |

MRC

Development phase ‘

Feasibility and

professionals input
and feedback

Fig. 2 Timeline and process of the development of ActivABLES
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function in all post-stroke phases [12, 25]. There is
strong evidence that balance can be improved with
exercise, including using technical applications [25].
Balance exercises with visual or auditory feedback
can have significant effects on improving the balance
of chronic stroke survivors, especially those with
mild to moderate impairments [12].

e Mobility: Mobility is defined as “the ability to move
in one’s environment with ease and without
restriction” [60] and includes the ability to stand up/
sit down and walk. There is strong evidence that
gait exercise significantly improves the mobility of
stroke survivors in all phases after stroke [12, 25].
Task-oriented exercise and visual and auditory
feedback are especially recommended as key factors
for improving mobility [61].

e Upper extremity: Impairments of the upper
extremities are common in stroke survivors and can
cause difficulties in different activities of daily living
such as eating, dressing and washing [62]. Various
reviews have emphasised the importance of exercise
for the upper extremities, especially for stroke
survivors with mild to moderate impairments, and
they can benefit from exercise emphasising task-
specific repetitions, which is a key factor in motor
learning [12, 17, 25, 34].

e Motivation: Motivation for exercise and physical
activity is often lacking after a stroke [20] and about
one-third of stroke survivors deal with depression,
which can affect motivation [6]. Motivational
interventions, including internet-based programmes
and reinforcement strategies, can increase adherence
to exercise [63]. Feedback can motivate stroke
survivors to engage in exercise and physical activity,
and both visual and audio feedback can motivate
stroke survivors to continue with exercise. Support
from caregivers and health professionals is also
important [20, 64].

Step 2. Initial user study and iterative tests

We involved stroke survivors with a mild to moderate
level of physical disability (Modified Rankin Scale 2—4), in-
formal caregivers, rehabilitation professionals and other
stakeholders in the whole development process to gain
their feedback on the development. An initial user study
was conducted in Iceland. This included a qualitative
focus group interview and 10 individual interviews with
stroke survivors. The qualitative interviews were thematic-
ally analysed according to Brown & Clark (2006), resulting
in three identified themes: managing the challenges of im-
pairment, long-term challenges of everyday life and fram-
ing exercise within the context of everyday life. These
findings emphasised the importance of exploring innova-
tive ways of using technology to empower stroke survivors

Page 5 of 14

to tackle challenges and be responsible in their daily activ-
ities, and to motivate them to engage in home-based exer-
cise and physical activity. The results of this study will be
published in a separate paper (Hafsteinsdottir et al. 2020/
work in progress). In addition, ideas and prototypes were
introduced and discussed with stroke survivors, caregivers
and professionals at the on-site team meetings, and itera-
tive tests were performed in Sweden and Finland to
test the design and technical systems of the prototypes
[51-54]. Workshops were also held for stroke survi-
vors, caregivers and rehabilitation professionals during the
development process, where different prototypes were
presented to solicit feedback and input on usability.

Step 3. Preliminary testing of prototypes

In the context of development according to the MRC
framework, a preliminary testing of eight ActivABLES
prototypes was conducted in February 2017 (Fig. 2). This
preliminary testing aimed to investigate how the proto-
types could be used by stroke survivors in their home en-
vironment, and to gain feedback on the development and
feasibility of ActivABLES prototypes. The testing took
place in the stroke survivors’ homes and lasted for 1-2 h.
Each prototype was tested until the stroke survivors had
tried all the exercise and activity possibilities each proto-
type included. Observations were made, and participant-
researcher interactions were video-recorded. During the
observations, we asked questions and received feedback
on each prototype and one of the researchers filled in a
form with comments on each prototype (Additional file 1:
Appendix I). These comments were used to improve and
further develop the prototypes, along with input from the
technical team. Following the testing, the researchers con-
ducted semi-structured interviews separately with each
stroke survivor and his/her caregiver, using interview
guides (Additional file 1: Appendix II). Additional ques-
tions were asked to gain feedback concerning experiences,
meaning, technical elements of the prototype (back-
ground, light, sound, objects etc.).

A purposive sample included seven community-dwelling
stroke survivors >18 years, with a mild to moderate level of
physical disability (Modified Rankin Scale 2—4) and their
caregivers. The age range of the stroke survivors (four
women and three men) participating was 31-76 years and
their strokes had occurred from 9 months to 22 years previ-
ously. Functional outcome measures were carried out to
provide a thorough description of the stroke survivors par-
ticipating (Table 1). Six caregivers participated, three men
and three women, in the age range of 53-75 years. All of
them were spouses of the stroke survivors, four were
employed and two were retired.

Eight ActivABLES prototypes were introduced in
the preliminary testing, namely: ActivCUSHION,
ActivFOAM, ActivBOSU, ActivBALL, ActivGLOVE,
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Table 1 Characteristics of the participants in the preliminary testing

Stroke survivors Age Time since stroke Side of hemiparesis Walking device inside BBS? BBT® ABC®
SS-1 31 19 months left no 56 X 763
SS-2 60 4 years left no 37 X 381
SS-3 62 9 months left no 47 X 514
SS-4 63 22 years left no 43 X 66
SS-5 66 2 years right no 33 53 65
SS-6 72 4 years left yes. a cane 43 6 731
SS-7 76 9 years left yes, a cane 37 12 294

SS stroke survivor

?Berg Balance Scale, score 0-56 where lower score indicates more balance impairments
PBox and Block Test, number of blocks moved between boxes in one minute. X presents those who were not able to use their affected hand
“Activities-Specific Balance Confidence Scale assesses self-efficacy in different activities, score 0-100 where 0 represents no confidence and 100 represents

complete confidence

ActivSTICKS, ActivSPOKA and ActivLAMP. The findings
of the preliminary testing showed that four prototypes
were found to be relevant for further development for
community-dwelling stroke survivors with mild to moder-
ate impairments: ActivFOAM, ActivBALL, ActivSTICKS
and ActivLAMP. During the preliminary testing, the
stroke survivors and their caregivers indicated that there
was a need for an application to stimulate and detect more
general activity like walking. This result was further sup-
ported by a workshop carried out in the EU project
STARR at the Stroke Organisation in Bromsgrove, UK
[65]. Therefore, as a joint effort with this EU project,
WalkingSTARR was developed, which is an application
for the iPhone with a step-counter and games to encour-
age walking. In addition, ActivTREE was developed as an
application providing feedback on more than one exer-
cise/physical activity (Table 2).

ActivCUSHION and ActivBOSU were not considered
to be appropriate for community-dwelling stroke survi-
vors with slight to moderate symptoms. ActivCUSHION
is a thin cushion that can be put on a seat and then the
stroke survivor sits on it. Pressure sensors pick up the
weight and give individually tailored visual and sound
feedback on posture while seated and for example warn-
ing if the stroke survivor is leaning more towards one
side. It was not challenging enough for the stroke survi-
vors who participated since they generally had good sit-
ting balance. Still, the stroke survivors and researchers
agreed that stroke survivors with impaired sitting bal-
ance could benefit from using it. ActivBOSU is a half
ball, with an unstable base, and can be used for balance
and posture exercise. It was considered to be too diffi-
cult and not safe to use for balance exercise at home,
since it is quite challenging to stand on the soft and un-
stable surface of ActivBOSU and doing so would increase
the risk of falling while doing the exercises. However, it
was deemed to be fitting for supervised use by stroke sur-
vivors with good active balance. ActivSPOKA is a little
lamp which lights up to remind the stroke survivor to

exercise and/or to give feedback when the daily recom-
mended exercises and physical activity are finished. Due
to similarities and redundancies with ActivLAMP it was
excluded from further development. ActivGLOVE gave
promising results, with possibilities of extension and
flexion extension movements of the fingers, but it was too
difficult for the stroke survivors to put it on and further
design was needed to make it more suitable. Therefore,
four of the prototypes were excluded after the preliminary
testing: ActivCUSHION, ActivBOSU, ActivSPOKA and
ActivGLOVE (Table 3).

The data from the interviews with the stroke survi-
vors and their caregivers were analysed individually
using thematic analysis (Brown and Clark, 2006). Two
themes were identified for each group: Importance of
feedback and encouragement and Integration of exercise
into activities of daily living (Fig. 3) for the stroke survi-
vors and Importance of feedback and encouragement
and Lack of resources to assist with exercise for the care-
givers (Fig. 4). Based on these findings, the prototypes
were further developed and adapted to the needs of the
stroke survivors and their caregivers. The idea of Acti-
vABLES was to give stroke survivors and their care-
givers resources to use for exercise and physical
activity. The prototypes were made small to make them
easy to use in homes and accessible in daily life. As re-
quested, some form of feedback mechanism was in-
cluded into all of the prototypes.

Results
The development process resulted in the six following
prototypes relevant for community-dwelling stroke sur-
vivors with slight to moderate impairments: Activ-
FOAM, WalkingSTARR, ActivBALL, ActivSTICKS
which are exercise prototypes and ActivLAMP and
ActivTREE which give visual feedback on the amount of
exercise done.

ActivFOAM is a soft balance mat with pressure sen-
sors that give individually tailored visual and sound
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Preliminary testing

Feedback during observations

Revisions of the prototype

ActivFOAM

>

WalkingSTARR

k

ActivBALL

o]

ActivSTICKS

ActivLAMP

ActivTREE

k3

The foam was connected to a tablet
where the users could see how their
weight was distributed on the mat,
get audio feedback and play one
game (The bomb). The user could
see on the screen when weight
was shifted from 1 foot to the other.

Not yet developed.

The ball was introduced as a mouse
for a computer when browsing
Google Street View, and online
magazines and for basic internet
browsers, and to play basic games
such as Tic-Tac-Toe. It could also be
used as a tool for squeezing (or do
other exercises

for the hand/wrist) to “earn” a series
from television/Netflix.

The sticks were introduced as a tool
to use to browse Google Street View.
The idea was to have a double-arm
tool to use for “wandering around”
on Google streets.

The light gave feedback on how
long the users had been exercising.

Not yet developed.

“It is very convenient to stand on this
and see how | am standing. It gives
you comments on how you are
standing”.

“| think it could work as a mouse - it
would be a more suitable movement
[for the hand]".

The users found it difficult to handle
the sticks. Although the idea was new
to the users, it was decided to
develop it further.

“I think it is rewarding to see the light
strip become progressively more lit up”.

“It would be good to have something

Two games were added as ways
to practice balance. Also, there
were possibilities to use different
music to encourage weight
shifting and stepping one the
mat.

After the preliminary testing it
was decided to develop an
iPhone application to encourage
walking.

Due to lack of time, it was not
possible to develop these
possibilities further prior to the
feasibility study. Therefore, the
exercises were repetitive
movements with the
recommended number of daily
exercises seen on the tablet. A
counter for the exercises was
visible on the tablet.

Due to lack of time, it was not
possible to develop these
possibilities further prior to the
feasibility study. Therefore, the
exercises were repetitive
movements with the
recommended number of daily
exercises seen on the tablet. A
counter for the exercises was
visible on the tablet.

ActivLAMP was further
developed into a single light
strip in a stained glass cylinder
that lit up as the user used one
ActivABLES tool.

After the preliminary testing, it

that gives an overview of the
exercises”

was decided that it was necessary
ta provide feedback on

multiple activities at the same time.

feedback on weight shifting and centre of mass while
standing [52]. The mat is connected to a tablet which is
positioned in front of the user (Fig. 5). Three interactive
games and different types of audio feedback can be se-

lected from the tablet and used for exercising:

(iii) The bomb for proactive balance, where the user

moves a ball in and out of a circle. The ball is

moved outside the circle by putting more weight

1 1 . 1.1 1
onto 1 fOOt, ASTIITUCIT as tTe USer IS aple (0, altd

then back into -thecircle by adjusting the weight

onto both feet. The ball needs to be back in the

(i) Pong for reactive balance, where the user moves a
paddle by shifting the amount of weight on each
foot to hit a ball which comes at different speeds
from an unknown direction (Fig. 6). The user has to
shift more weight to the other foot to make the
paddle move. The size of the paddle can be adjusted:
smaller paddles make the game more difficult. The
user collects a point each time he/she hits the ball.

(ii) Escape for proactive balance where the user moves
a ball, by putting more weight onto 1 foot to avoid
barriers which are in the way (Fig. 7). The user
collects a point for each barrier he/she escapes.

circle before audio feedback indicates a bomb

explosion (Fig. 8).

(iv) More possibilities include use of different types of
audio feedback tikejazz, sambaand guitar torres——
while looking at a screen showing how much
weight is being put on each leg.

WalkingSTARR is an iPhone application that includes
a step counter which records the daily steps taken and
walking time [54]. Daily recommendations for the num-
ber of steps to take can be individualised in the app for
each user. The idea is to mimic taking the dog out for a


Steinunn_MacBook
Cross-Out
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Preliminary testing

Feedback during observations

Reason for exclusion

ActivCUSHION The thin cushion was put on a
chair and could give feedback
on weight bearing in sitting, as
it was connected to a tablet.

The idea of different feedback

was discussed.

ActivBOSU Only one user who had hardly
] any balance difficulties, was
able to try ActivBOSU.

The glove had visual and audio
feedback with the purpose to
extend the fingers. The finger
lit gradually when the finger
was extended or played a
sound when it was fully
extended.

ActivGLOVE

The light gave feedback on
how long the users had been
exercising.

ActivSPOKA

“I would sit up straight, for example
in front of the television or when
working by the kitchen table”.

“The glove needs to be a mitten or
not for each finger”.

“It would be a good idea to have a
specific sound for the movement
of each finger”.

‘| see the purpose of this one, as a
reward thing, | also think it's just fun”.
"You could have it red or green,
depending on how you are doing".

We thought that only very few
users with mild or moderate
impairments would be in

need of this kind of tool.
Therefore, it was decided not
to develop it further at this
point. Still, we got some ideas
on different feedback, i.e.
vibration that would be more
private than a light or a sound.

It was decided that ActivBOSU
was too difficult for users to
use safely in their homes.

It was hard to put the glove

on and it was decided another
version was needed which
would be more open and
easier to put on. This version
would fit all hand sizes. Further
development of the glove
turned out to be quite complex
and needed extensive expertise.
Therefore, it was decided not to
develop it further at this point.

Due to similarities and
redundancies with ActivLAMP
and the greater flexibility of
ActivLAMP, ActivSPOKA was not
further developed.

walk and the app “barks” randomly during the day to re-
mind the user to go for a walk. The app also includes a
few optional tasks which involve having to stop to let
the dog pee by a tree and eat food from a bowl. The user
needs to point the iPhone in certain directions to find
the tree and the bowl, which are visible on the iPhone.
These tasks require some motor control where the user
has to initiate and stop walking to meet the dog’s needs.
The user might also have to turn in order to point the
iPhone into the right direction. These tasks are supposed
to be motivating as the user collects stars when each

task is completed. The visual feedback can be seen in
Fig. 9 where the ellipse gradually fills up with colour as
the daily recommendations are met.

ActivBALL is a soft ball which is intended to improve
motor control of the forearm and upper arm, and grip
strength. The ball is connected to a tablet which is posi-
tioned in front of the user and can be pre-programmed
for individually tailored sets of exercises. The ball can be
used to exercise the following movements: 1) Forearm
pronation and supination (Fig. 10), 2) Dorsiflexion and
palmar flexion of the wrist, 3) Flexion and extension of

“It is encouraging to
see what you have
been doing, to see the
report - if you are
supposed to do it 15
times and it counts for
you, then you know
when you are done.”

“I think it is very common
after inpatient rehabilitation
that people just quit
exercise, even physical
therapy. They are not
motivated to keep on going,
they need encouragement.”

“You need to see
when you are doing
well with a sound or

Fig. 3 Thematic analysis of interviews with stroke survivors

Stroke
surviviors

a light or something.”

“I think that I would use it
more if it would help me with
my daily activities . . . fit into
my daily routine.”

“It has to be simple - not
so that you have to adjust
a computer - just on/off,
do it and done.”
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Fig. 4 Thematic analysis of interviews with caregivers

the fingers while squeezing, and 4) External and internal
rotation of the shoulder. The range of motion and pres-
sure detected while squeezing can be adjusted for each
user. While exercising using ActivBALL, the user follows
instructions on the tablet about the number of

Fig. 5 Setup for ActivFOAM

repetitions and sets, both of which can be individualised
for each user.

ActivSTICKS consists of two plastic sticks which are
linked together forming an angle from 0° to 180° [53].
The sticks are connected to a tablet which is positioned
in front of the user and can be pre-programmed for in-
dividually tailored sets of exercises. The sticks can be
used to perform the following movements: 1) Abduction
and adduction of the shoulder, 2) Flexion of the shoul-
der, 3) Elbow flexion and extension along with coordin-
ation of the left and right arms while doing “scissors”,
and 4) Rotation of the upper body (Fig. 11). The range
of motion as well as the resistance to the movement can
be adjusted for each user. While exercising using Activ-
STICKS, the user follows instructions on the tablet
about the number of repetitions and sets, both of which
can be individualised for each user.

ActivLAMP and ActivIREE give visual feedback on
the stroke survivor’s daily progress by gradually lighting
to indicate the proportion of exercises completed. The
more exercises done or steps taken, the more the Activ-
LAMP/ActivTREE lights up. ActivLAMP and ActivIREE

Steeroa s

Fig. 6 Screenshot of Pong
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Fordadu pér!

Fig. 7 Screenshot of Escape

reset every day at midnight. Settings can be individua-
lised for each user and the recommended use per day
and/or number of repetitions can easily be changed as
the user further progresses to higher activity levels. A re-
habilitation professional gives instructions on which
prototype to use and for how long the user should exer-
cise based on a baseline functional assessment and pref-
erences for each stroke survivor.

Discussion

In this paper we provide a detailed report of the three-
step development process of ActivABLES for community-
dwelling stroke survivors and their caregivers to allow for
a thorough review and replication of the process. The de-
velopment process resulted in six prototypes: four exercise
prototypes which are ActivFOAM, WalkingSTARR, Activ-
BALL and ActivSTICKS, along with ActivLAMP and
ActivIREE, which give visual feedback on the amount of
exercise done. Three of the exercise prototypes and the
two feedback prototypes were connected to a tablet but
WalkingSTARR was only developed as an application for
iPhone. Digital servers store data about all uses of the pro-
totypes. The tangible prototypes do not take up much
space and can easily be used in a small environment, such
as a small room. In this respect they are different from

Fig. 8 Screenshot of Bomb

Level 2

Fig. 9 The ellipse fills up with blue in WalkingSTARR

Fig. 10 Using ActivBALL for exercising supination/pronation of
the hand
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Fig. 11 Using ActivSTICKS for rotation of upper body

many other technical solutions, such as Wii and Kinect,
where a television or a bigger screen is needed. ActivA-
BLES also offer different activities aimed at different func-
tional outcomes but do not focus solely on one single
exercise or activity. The challenges in each exercise and
physical activity can be individualized for each user. Acti-
VABLES is specially developed for community-dwelling
stroke survivors, since these stroke survivors and their
caregivers have called for more opportunities for exercise
and physical activity in their own home [19, 66]. The
results of the three steps in the development process
support our ideas that ActivABLES is relevant for
community-dwelling stroke survivors with mild to moder-
ate symptoms. The evidence found in the literature shows
what kind of exercise and physical activity are relevant for
community-dwelling stroke survivors. The initial user
study gave us an idea about where to put the emphasis in
the development, and the iterative technical testing during
the development made the prototypes useable in the pre-
liminary testing. The results of the preliminary testing
gave positive feedback for further development and prep-
aration for the feasibility study which is presented in an-
other submitted paper (Olafsdottir et al. 2020/work in
progress).

Much innovative research and many interventions are
ongoing, and they often lack a thorough description,
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which is important to improve replicability. The CRe-
DECI 2 guidelines for reporting of the development of
complex interventions [48] proved useful to report the
first and second stages of the development of ActivA-
BLES in order to ensure the quality of transparent
reporting of this complex intervention. Also, the MRC
framework provides guidance for development, of the
ActivABLES intervention as a complex intervention. The
reporting of the feasibility testing of the ActivABLES is
given in another paper (Olafsdottir et al. 2020/work in
progress) and studies on the other phases of the MRC
framework, including the evaluation and the implemen-
tation, are still to be done (Fig. 1). The design of the
study, using a human-centred approach and co-design in
which stroke survivors, caregivers and rehabilitation
professionals participated, is highly important, with the
potential future users involved in every step of the devel-
opment process. A key element in the process has been
to involve not only potential future users, but also the
context of potential future situations of use, the stroke
survivors’ homes.

The six ActivABLES prototypes developed include:
ActivFOAM for balance exercise, WalkingSTARR for
encouraging walking, ActivBALL for hand exercises,
ActivSTICKS for arm exercises and ActivLAMP and
ActivTREE for feedback on exercise.

ActivABLES seems to be very suitable for helping
caregivers to support the stroke survivors in exercising
at home. This is important as studies have shown that
caregiver-mediated home-based exercise can give good
functional results [23, 67] and can have a positive impact
on anxiety and depression of both the stroke survivor
and the caregiver [24]. In addition, caregivers are willing
to be more involved in the rehabilitation process at
home if they have more information and knowledge about
how they can support and motivate their stroke survivor
to exercise and be more physically active [66, 68, 69].

Other studies using interactive games, similar to games
with ActivFOAM, have shown promising results regarding
adherence acceptability and safety [29]. ActivABLES aims
to motivate users and make home-based exercise and phys-
ical activities more fun and less tedious with more variety
in exercise and training options for community-dwelling
stroke survivors with slight to moderate activity limitations.
ActivABLES could be a resource for physical therapists to
motivate community-dwelling stroke survivors to engage
and continue with home-based exercise and physical activ-
ities after inpatient rehabilitation. Further benefits of an
intervention like ActivABLES may include less need for in-
patient healthcare services and possible earlier discharge
from hospital or inpatient rehabilitation, resulting in lower
healthcare costs and other economic benefits [24, 70]. More
research is needed with larger samples of community-
dwelling stroke survivors and caregivers.
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The main limitations of this study include technical
problems, which are inherent when using experimental
prototypes that are primitive and fragile and need to be
delicately handled. In the development process, the
technicians were involved at all times so they could
solve the emerging problems. Another limitation is the
small sample of participants. Among the strengths of
this study are (i) the use of theoretical underpinnings,
as we followed the MRC-model for complex interven-
tions, (ii) the human-centred design which gives the re-
searchers a thorough understanding and inputs from
future users, including stroke survivors, caregivers and
the multi-disciplinary team working on the idea, and
(iii) the evidence-based approach, which brings out
knowledge about ways to promote home-based exercise
and physical activity of community-dwelling stroke
survivors.

ActivABLES has the potential to be a good resource
for healthcare professionals and the healthcare system to
follow up on community-dwelling stroke survivors. The
healthcare system is unable to provide daily support for
those who need encouragement and/or support with
physical activity. Community-dwelling stroke survivors
need to increase their health-promoting physical activity,
preferably in their own environment, with support from
their caregivers and instructions from rehabilitation pro-
fessionals. ActivABLES seems to be very suitable to sup-
port community-dwelling stroke survivors in exercising
at home.

Conclusion

ActivABLES is promising technical equipment aiming to
support community-dwelling stroke survivors when en-
gaging in home-based exercise and health-promoting
physical activities with support from caregivers. Commu-
nity-dwelling stroke survivors, caregivers and rehabilita-
tion professionals were involved in the whole
development process. ActivABLES integrates Tangible
User Interfaces into the everyday activities of community-
dwelling stroke survivors to provide feedback to increase
motivation and support the continuation of home-based
exercise and physical activity. Different feedback options
including games, music and lights, are used to increase
the motivation of community-dwelling stroke survivors to
engage in exercise and physical activity to improve their
physical and mental function, increase their walking,
and decrease sedentary behaviour, with the ultimate
goal of improved participation in society and improved
quality of life. Robust and large outcome studies are
needed to further investigate the effects of ActivABLES
on various outcomes of community-dwelling stroke
survivors and caregivers, as well as to examine the cost-
effectiveness for the healthcare system.
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Abstract

Background: Technical applications can promote home-based exercise and physical activity of community-dwelling
stroke survivors. Caregivers are often able and willing to assist with home-based exercise and physical activity but lack
the knowledge and resources to do so. ActivABLES was established to promote home-based exercise and physical
activity among community-dwelling stroke survivors, with support from their caregivers. The aim of our study is to
investigate the feasibility of ActivABLES in terms of acceptability, demand, implementation and practicality.

Methods: A convergent design of mixed methods research in which quantitative results were combined with personal
experiences of a four-week use of ActivABLES by community-dwelling stroke survivors with support from their
caregivers. Data collection before, during and after the four-week period included the Berg Balance Scale (BBS),
Activities-Specific Balance Confidence Scale (ABC), Timed-Up-and-Go (TUG) and Five Times Sit to Stand Test (5xSST)
and data from motion detectors. Semi-structured interviews were conducted with stroke survivors and caregivers after
the four-week period. Descriptive statistics were used for quantitative data. Qualitative data was analysed with direct
content analysis. Themes were identified related to the domains of feasibility: acceptability, demand, implementation
and practicality. Data was integrated by examining any (dis)congruence in the quantitative and qualitative findings.
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other and supported the feasibility of ActivABLES.

Results: Ten stroke survivors aged 55-79 years participated with their informal caregivers. Functional improvements
were shown in BBS (+2.5), ABC (+0.9), TUG (—4.2) and 5xSST (- 2.7). More physical activity was detected with motion
detectors (stand up/sit down + 2, number of steps + 227, standing + 0.3 h, hours sitting/lying — 0.3 h). The qualitative
interviews identified themes for each feasibility domain: (i) acceptability: appreciation, functional improvements, self-
initiated activities and expressed potential for future stroke survivors; (2) demand: reported use, interest in further use and
need for follow-up; (3) implementation: importance of feedback, variety of exercises and progression of exercises and (4)
practicality: need for support and technical problems. The quantitative and qualitative findings converged well with each

Conclusions: ActivABLES is feasible and can be a good asset for stroke survivors with slight or moderate disability to
use in their homes. Further studies are needed with larger samples.

Background

Stroke is one of the main causes of chronic disability in
the Western world [1]. Engaging in ongoing exercise
and physical activity is important after stroke to main-
tain and improve physical function [2, 3] and as a
method of secondary prevention of stroke [4]. Therefore,
exercise and physical activity need to be a lifelong part
of the daily life of community-dwelling stroke survivors.
Despite this knowledge, community-dwelling stroke sur-
vivors are physically inactive [5] and they sit for long pe-
riods of time [6]. Lack of motivation and confidence can
diminish stroke survivors’ participation in exercise and
physical activity after inpatient rehabilitation [7-9],
when they need to rely more on themselves and their in-
formal caregivers to continue with exercise and physical
activity. At the same time, community-dwelling stroke
survivors and their informal caregivers report uncer-
tainty regarding what they can do to maintain and/or
improve function at home [10] and might often be in
need of practical and emotional support to continue
with exercise and physical activity.

In recent years, home-based exercise programmes
have been increasingly developed to promote exercise
and physical activity among community-dwelling stroke
survivors [11-15]. Home-based exercise programmes
can result in improved function of stroke survivors, in-
cluding better balance and more involvement in activ-
ities of daily living [16, 17]. Family members and other
informal caregivers are able to assist stroke survivors
with exercises that are supervised by physical therapists
or other members of the rehabilitation team [17-19]
and it can be motivating for stroke survivors to do such
exercises [20]. Informal caregivers are generally willing
to assist with exercise and feel more content if they are
able to assist [18, 21]. On the other hand, informal care-
givers often lack knowledge and support and they need
more education on how they can provide support with
exercise and physical activity [22, 23]. Many studies have
revealed a need for practical support for stroke survivors
and their informal caregivers to help them engage in

home-based exercise [10], and recent studies have sug-
gested support could be provided by technical applica-
tions [24—-27].

Technical applications, such as virtual reality and com-
puter games, can support stroke survivors with home-
based exercise [28, 29], encourage them to adhere to the
exercises [25, 30-32] and decrease sedentary behaviour
[30]. Stroke survivors with mild to moderate residual
deficits have been shown to benefit more in terms of
functional improvements with use of technical applica-
tions than stroke survivors with more severe deficits
[31]. Technical applications can offer a variety of repeti-
tive and challenging functional tasks [29, 31] that can
encourage plasticity of the brain and enhance motor
learning. Stroke survivors are generally willing to use
technical applications to assist with home-based exercise
[32-34] and many studies have investigated different
technical approaches [24, 30, 35, 36]. Virtual reality has
been defined as a user-computer interface with real-time
simulation and has been shown to increase activity sig-
nificantly more than conventional therapy [31, 37].
Game-based interventions are thought to be more enjoy-
able than traditional therapy and have shown to be more
effective in improving balance and independence than
traditional exercises in stroke survivors [29]. This evi-
dence supports the hypothesis that technical approaches
have the potential to be used to promote home-based
exercise and physical activity among stroke survivors.
Therefore, it is important to continue to develop useable
and feasible technical applications for stroke survivors
that can be used successfully in their homes.

Based on this background, and as a way to respond to
stroke survivors’ and informal caregivers’ needs for
home-based exercise and physical activity, an inter-
national collaborative project was established to develop
ActivABLES. ActivABLES is a modular technological
intervention, comprising multiple exchangeable compo-
nents, to promote home-based exercise and facilitate
physical activity engagement of community-dwelling
stroke survivors with support from their informal
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caregivers. The aim of our study is to investigate the
feasibility of ActivABLES for community-dwelling stroke
survivors and their informal caregivers (hereafter re-
ferred to as caregivers) in terms of acceptability, de-
mand, implementation and practicality of the
intervention.

Methods

Design

A feasibility pilot study was conducted using a conver-
gent mixed method design [38], which included concur-
rent collection of quantitative and qualitative data, as
well as independent interpretation of the data and inte-
gration to evaluate the feasibility of ActivABLES after a
four-week use (Fig. 1). Since ActivABLES includes differ-
ent tools aiming to improve various outcomes of
community-dwelling stroke survivors, the Medical Re-
search Council’s (MRC) framework for development and
evaluation of complex health interventions was used to
guide the development and testing process [39, 40].
Studying feasibility is an important part of the develop-
ment and evaluation of complex interventions according
to the MRC model [39]. Feasibility was evaluated in
terms of acceptability, demand, implementation and
practicality, which are four components of the feasibility
framework presented by Bowen (2009) [41]. Acceptabil-
ity assesses how the stroke survivors and their caregivers
react to ActivABLES and how suitable, satisfying or at-
tractive they think the tools are. Demand looks at how
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ActivABLES is used by the stroke survivors and how
likely it is they will use the tools in the future. Imple-
mentation focuses on the execution, type of resources
and factors affecting the implementation of ActivABLES
and how the tools can be improved. Practicality assesses
how ActivABLES is delivered to stroke survivors and
how they manage the use of the tools with regard to re-
sources, assistance/support and circumstances [41].

Sample and participants

In our study, we used a purposive sampling of
community-dwelling stroke survivors and their care-
givers. Participants were approached through inpatient
rehabilitation clinics and outpatient physical therapy
clinics. We included stroke survivors who met the fol-
lowing criteria: older than 18years of age; at least 4
months since discharge from hospital or inpatient re-
habilitation; with slight or moderate impairment defined
by a score of 2-3 on the Modified Rankin Scale [42];
with no severe cognitive deficits defined by the Mini
Mental State Examination (> 24) [43]; no severe comor-
bidities or pre-existing conditions affecting function or
ability to speak and understand Icelandic. Also included
were informal caregivers (hereafter referred to as care-
givers), defined as a family member or a close friend in a
good relationship with the stroke survivor, older than
18 years of age, and able to communicate and assist the
stroke survivor. All the participating stroke survivors
and caregivers received verbal and written information

| Purposeful sample of stroke survivors and caregivers |

| Quantitative pre-measures |

I

4-week use of ActivABLES

Quantitative data
Qualitative data

| Quantitative post-measures |

| Qualitative interviews |

I

]

Quantitative analysis
+  Descriptive
+  Paired sample tests

Qualitative analysis
*  Predetermined categories
*  Subcategories

Integration and Interpretation

week use of ActivABLES

+  Enhance interpretation of the quantitative outcome results
+  Understand the experiences of the stroke survivors and their caregivers of the 4-

+  Provide insight into the outcomes valued by the stroke survivors and their caregivers

Fig. 1 Diagram of the mixed methods study




Olafsdottir et al. BVIC Health Services Research (2020) 20:562

about the study, emphasising that participation was vol-
untary, anonymous and confidential. The participants
and the researcher (SAO) signed an informed consent
prior to participating in the study.

ActivABLES

The development of ActivABLES used human-centred
design (ISO 9241-210:2010) including elements of par-
ticipatory design/co-design [44]. Thus, prototype designs
were tested iteratively in collaboration with community-
dwelling stroke survivors and health professionals during
the whole development process. The MRC framework

Table 1 Prototypes of ActivABLES tested in the feasibility study
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for the development and evaluation of complex interven-
tions further guided the development of the ActivABLES
as a healthcare intervention. The development process is
described in detail in a separate paper [45]. ActivABLES
consists of six tools (Table 1): (1) ActivFOAM with
interactive games for balance exercises [46]; (2) Walking
STARR, an iPhone application which includes a step
counter, activity monitoring and games [47]; (3) Activ-
BALL to exercise motor control of the wrist and shoul-
der and the grip strength; (4) ActivSTICKS to exercise
motor control of the shoulder and upper body [48]; (5)
ActivLAMP which gives feedback on daily progress in

Description

Purpose

ActivFOAM

Walking STARR

ActivBALL
r .

7

ActivSTICKS

ActivLAMP

ActivTREE

A foam balance mat with pressure sensors that gives individually tailored visual and
audio feedback on weight shifting and center of mass while standing. The mat is
connected to a tablet which is positioned in front of the user. Three games and
different forms of audio feedback can be selected from the tablet.

An application for iPhone which records steps and walking time. The idea is to
simulate taking the dog for a walk. Games include having to stop to let the dog pee
and eat. Finishing games allows the user to collect stars.

A soft ball to exercise motor control of the arm and develop grip strength. The ball is
connected to a tablet which is positioned in front of the user and which can be pre-
programmed for individually tailored sets of exercises. The range of motion and pres-
sure detected while squeezing can be adjusted for each user. The tablet gives feed-
back by counting the repetitions. The ball can be used to exercise: 1) forearm
pronation/supination, 2) dorsiflexion and palmar flexion of the wrist, 3) external/in-
ternal rotation of the shoulder, 4) flexion and extension of the fingers while
squeezing.

Two sticks linked together forming an angle from 0° to 180°. The sticks are connected
to a tablet which is positioned in front of the user and which can be pre-
programmed for individually tailored sets of exercises. The range of motion detected,
and resistance can be adjusted for each user. The tablet gives feedback by counting
the repetitions. The sticks can be used to exercise: 1) abduction and adduction of the
shoulder, 2) flexion of the shoulder, 3) elbow flexion and extension, along with coord-
ination of the left and right arms while doing “scissors’, 4) rotation of the upper body.

A lamp that that gradually brightens in connection with exercises or physical
activities. The lamp is connected to a tablet and can be connected to any of the
above exercise tools.

A tree that has three branches that gradually brighten in connection with exercises
and physical activities. The tree is connected to a tablet and can be connected to any
of the above exercise tools. Each branch represents a different tool and they all share
the same trunk.

To exercise balance and weight-bearing
in a standing position.

To motivate and provide feedback on
progress of walking.

To exercise the motor control of the
hand and forearm

To exercise the motor control of the
shoulder and upper body.

To motivate and provide feedback on
progress of exercises or walking.

To motivate and provide feedback on
progress of exercises and walking.
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one exercise, and (6) ActivIREE which gives feedback
on daily progress in up to three exercises. All the Acti-
VABLES tools give an instant feedback in the form of
sound and/or light which is intended to strengthen the
motivation to exercise.

Data
Quantitative and qualitative data were collected prior to,
during and after the four-week use of ActivABLES (Fig.
1). Data from functional measures, questionnaire, mo-
tion detectors, digital servers, adherence diaries and
semi-structured interviews were used to evaluate the
feasibility of ActivABLES.

The mobility and functional progress of the stroke sur-
vivors were evaluated before and after the four-week use
of ActivABLES using the following measures:

e Static and dynamic balance was measured with
the Berg Balance Scale (BBS) [49] which consists
of 14 static and dynamic activities of varying
difficulty. Each item gives a score of 0—4 and the
maximum score is 56 which indicates good
functional balance. The psychometric properties
of the BBS for stroke survivors show good and
excellent results [50-53].

e Balance self-efficacy when performing activities
was measured with the Activities-Specific Balance
Confidence Scale (ABC) [54]. ABC is a 16-item
self-report measure in which participants rate
their balance confidence for performing activities
on a scale of 0-100%. The psychometric proper-
ties of ABC for stroke survivors show good and
excellent results [55, 56].

e General mobility was measured with the Timed-Up-
and-Go (TUG) [57]. In TUG, the participant stands
up from a chair, walks a distance of three meters,
turns around, walks back to the chair and sits down.
The time required to perform the TUG is recorded
using a stopwatch. The psychometric properties of
the TUG for stroke survivors show good and
excellent results [58, 59].

e Functional lower limb muscle strength was
measured with the Five Times Sit to Stand Test
(5xSST) [60], which measures the time required
to perform the 5xSST, using a stopwatch. The
psychometric properties of the 5xSST for stroke
survivors show good results [61].

e Arm and hand function were measured with the Box
and Block Test (BBT) [62]. In the BBT, the
participant moves as many cubes between boxes as
possible in 1 min. The psychometric properties of
the BBT for stroke survivors with arm paresis show
good and excellent results [63, 64].

Page 5 of 17

Motivation to exercise was measured with the Behav-
iour Regulation Exercise Questionnaire 2 (BREQ-2) [65].
The BREQ-2 is a 19-item questionnaire, where each
question is answered on a five-point Likert scale ranging
from O (not true for me) to 4 (very true for me). BREQ-
2 was developed to assess exercise behaviour based on
the self-determined theory (SDT), which is a popular
framework to assess motivation in exercise psychology
[66]. In the SDT various forms of motivation represent
different ways in which behaviour can be regulated, ran-
ging from completely non-self-determined to completely
self-determined regulation. The BREQ-2 has five sub-
scales: (i) amotivation (lack of any intention to engage in
exercise), (ii) external regulation (engaging in exercise
only to satisfy external pressures or to get externally im-
posed rewards), (iii) introjected regulation (self-imposed
pressures to avoid guilt or maintain self-esteem), (iv)
identified regulation (accepting exercise as an important
factor to achieve personally valued outcomes) and (v)
intrinsic regulation (taking part in exercise for the enjoy-
ment and satisfaction of it) [66]. In line with SDT, amo-
tivation and external and introjected regulation address
non-self-determination with scoring of 044, while iden-
tified and intrinsic regulation address self-determination
with scoring of 0-32 [67]. Lower scoring of non-self-
determination and higher scoring of self-determination
is positively linked with adaptive health behaviour [68]
indicating that people are more aware of the outcomes
of exercise and feel more committed to it [69]. The psy-
chometric properties of the BREQ-2 have been investi-
gated in a sample of healthy people indicating good
construct validity [66, 70, 71] and have been used in dif-
ferent patient groups [67, 72, 73].

The actual use of ActivABLES was evaluated by con-
necting all the ActivABLES tools to a server which col-
lected digital data on the frequency and length of use of
ActivABLES.

Data on sedentary, upright and ambulatory activities
were collected with ActivPAL motion detectors (PAL
Technologies Ltd., Glasgow, UK). The stroke survivors
wore the motion detectors around their non-affected
thigh for 7 days (24 h) at three different time points; a
week prior to the start of the four-week period of Acti-
VABLES, midway through the study and a week after the
four-week period. The data generated represents a 24-h
summary of time spent in sitting/lying and standing po-
sitions and taking steps, number of transitions from sit-
ting to standing and number of steps taken. Motion
detectors have been used in many studies to explore
physical activity [74, 75] in stroke survivors [76].

The caregivers were asked to filled in the adherence
diaries during the four-week use of ActivABLES, which
provided both quantitative and qualitative data. The ad-
herence diaries had a format for each of the ActivABLES
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tool including questions on the frequency and length
of use (in minutes), which exercises were done with
each tool, the execution of the exercises and the need
for support and motivation. A Borg scale [77] was
used to assess perceived exertion, which evaluated the
intensity of the exercises (0 indicated no exertion and
10 indicated much strain) and experienced execution,
which evaluated how they managed using the tools (0
indicated “impossible to use” and 10 indicated “very
useable”). In addition, there was an empty place in
the diaries where the caregivers were asked to write
down their thoughts and comments on their experi-
ence of the exercises and the feasibility of using
ActivABLES.

Qualitative data was collected with semi-structured
interviews [78] which were conducted separately with
each stroke survivor and their caregivers after the
four-week use of ActivABLES, to gain deeper under-
standing of how they experienced the feasibility of
ActivABLES. The interview guides included questions
which focused on the feasibility of ActivABLES in
terms of acceptability, demand, implementation and
practicality (Table 2).
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Procedure

Data was collected over a six-week period, which included
a four-week use of ActivABLES (Fig. 2). Two researchers,
a physical therapist (PT) (SAO) and a registered nurse
(RN) (IB) collected the data in three steps:

Step 1. Pre-test measures

A week prior to the four-week use of ActivABLES (week
1), the two researchers (SAO and IB) visited the stroke
survivor and his/her caregiver. Detailed information
about the study was given and ActivABLES was intro-
duced to the participants. Demographic and clinical data
were collected, including information on time since
stroke and the side of hemiparesis. The stroke survivors
were also asked about indoor use of walking devices and
all participants were asked if they used tablets/com-
puters on a daily basis. Baseline functional measures
were carried out, and two self-report questionnaires
(ABC and BREQ-2) were left with each stroke survivor
to answer with assistance from caregiver if needed. A
motion detector was attached to the stroke survivor’s af-
fected leg to wear for 7 days.

Table 2 Interview guides for stroke survivors and informal caregivers

Stroke survivors

Informal caregivers

1. Why did you decide to participate in this research?

2. Did you exercise at home before this research? Why / Why not?

3. What is your overall experience of doing the exercise over last 4
weeks?

4. Have you been able to follow the exercise program over the period?
Did your motivation change over time?

5. Did you feel the tools encouraged you to continue?

6. What exercise/tool did you like the most / the least? How/why?
Please describe further

7. What exercise/tool did you feel was most challenging / least
challenging? How/why? Please describe further

8. Do you think your general physical activity has changed over last 4
weeks? Have you been doing something more/less on a daily basis than
before?

9. Do you feel like you could continue to use these tools for an
unlimited time? Why? / Why not?

10. Do you think these tools could be useful in doing exercises at home
- to maintain / improve your health? Why? / Why not?

11. What is your overall experience of using the tools? — Is there
something that needs to be changed? — How/why?

1. How have the exercise been going over the last 4 weeks? (Ask about all
the tools)

2. Has the stroke survivor been following the exercise protocol through
the whole period of 4 weeks? Do you feel his/her motivation has changed
over the time? How?

3. Did you need to encourage the stroke survivors to exercise using the
tools? Over the whole period?

4. Did you need to assist the stroke survivor with the exercises or using the
tools?
If yes, how? Please describe further?

5. Were there exercises/tools that the stroke survivor did liked more or less
than others?

What was it about the exercises/tools that the stroke survivor liked or
disliked?

6. Were there exercises/tools that the stroke survivor felt were more
challenging / less challenging?
If yes, please describe further?

7. Do you think the general physical activity of the stroke survivor has
changed over the last 4 weeks? Has he/she been doing something on a
daily basis that he/she had not been doing recently?

Please describe further.

8. Do you think these tools can be useful for the stroke survivor
permanently?
Why? / Why not?

9. What is your overall experience of using the tools? — Is there something
that needs to be changed?
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Step 2. ActivABLES

Together with the stroke survivors and their care-
givers, the PT selected relevant ActivABLES tools to
be used, based on the pre-tests and the needs of each
stroke survivor. Each participant was assigned at least
one exercise tool (maximum of three) and one feed-
back tool (maximum of two). Both researchers, along
with technicians, visited each stroke survivor at his/
her home with selected ActivABLES tools and deliv-
ered an interactive training session on their use along
with written guidance on how to use them. The
stroke survivors were asked to use the selected Acti-
VABLES tools at least five times per week for 4
weeks. The recommended daily use was determined
on an individual basis in agreement with each stroke
survivor, ranging from 10 to 30 min. The stroke survi-
vors were encouraged to gradually increase the dur-
ation of use, with the aim of exercising for 30 min
per day. Caregivers were involved and gave practical
and social support which could include assistance
with using the tools, thereby ensuring safety and pro-
viding encouragement during the four-week period.
Researchers provided adherence diaries and gave in-
formation to the caregivers on how to fill them in.
The participants were encouraged to contact the re-
searchers via phone or email, if problems occurred.
One of the researchers visited the participants after
approximately 10days of using ActivABLES (third
visit) and attached a motion detector to the stroke
survivor to wear for the next 7 days. This was picked
up a week later (fourth visit).

Step 3. Post-test measures

After the four-week use of ActivABLES, the researchers
visited each stroke survivor (fifth visit) and repeated the
functional measures and conducted semi-structured

interviews with the stroke survivors and their caregivers
about their experiences of using ActivABLES. The PT
carried out the functional measures while the RN docu-
mented the results of the measures to avoid performance
bias. The PT interviewed the stroke survivors while the
RN interviewed the caregivers. The interviews were re-
corded and transcribed verbatim.

Data analysis

Quantitative data, including the demographic data, func-
tional measures, digital data and data from the adher-
ence diaries, were recorded in Excel and transferred into
jamovi software, version 0.9 (Retrieved from https://
www.jamovi.org, 2018). Descriptive statistics were used
to analyse quantitative data, including medians and
interquartile range for continuous data. Imputation was
used to approach missing data in BREQ-2, using predict-
ive mean matching [79]. The data was imputed with the
statistical package mice in R, statistical software (The R
Foundation for Statistical Computing, Vienna, Austria).
Qualitative data were analysed using direct content ana-
lysis [80] and themes identified from the data based on
the four domains of feasibility: acceptability, demand,
implementation and practicality as suggested by Bowen
et al. (2009) [41]. One researcher (SAO) identified
themes according to the domains and discussed these
with co-authors until agreement on the content was
reached. Quotes related to the identified themes were
translated from Icelandic to English. Quantitative and
qualitative data were then integrated by looking for com-
mon concepts across the data, comparing the data and
examining any (dis)congruence in the findings.

Results

Participants

A total of 20 individuals took part in the study, including
10 stroke survivors and 10 caregivers. The stroke
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survivors were five women and five men, with the me-
dian age of 72years (range 55-79 years), and the time
since stroke ranging from 5 months to 30 years. Six
stroke survivors had left hemiparesis and four had right
hemiparesis. Four stroke survivors used assistive walking
devices. Eight stroke survivors went to physical therapy
every week. Ten caregivers were included, seven women
and three men, who were all family members, with the
median age of 69 years (range 28-80 years). Five care-
givers were retired, four were employed and one was un-
employed due to disability. Six stroke survivors and
seven caregivers used a personal tablet/computer on a
regular basis (Table 3).

All the stroke survivors were given the ActivFOAM
for balance exercises to use for the 4 weeks, two received
the ActivSTICKS for exercising the upper arms, and two
were given the ActivBALL for exercising the arm and
hand. Four stroke survivors received the walking applica-
tion to record their step counts while walking, six were
given the ActivLAMP and five received the ActivIREE
for visual feedback.

Quantitative findings

All the stroke survivors took part in the functional pre-
tests but only nine took part in the post- tests since one
stroke survivor was hospitalised for some days during
the four-week period (Table 4.). Seven stroke survivors,
who took part in both pre and post measures of func-
tion, improved in two or more measures. The median of
the functional measures showed improvements in all
tests. The results of BBS changed from 43.5 to 46.0 and
scoring of the ABC-Scale improved from 55.5 to 56.4.
The participants needed 4.2s less to finish TUG and

Table 3 Characteristics of all participants
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were 2.7 s faster to finish 5xSST. The data from the mo-
tion detectors showed more physical activity during and
after the intervention, with a higher median in the num-
ber of standing up/sitting down, and steps and hours
standing, and fewer hours spent sitting/lying. The results
from the BREQ-2 for motivation to exercise showed
higher self-determined motivation than non-self-
determined motivation to exercise in both pre and post
measures, indicating that the stroke survivors valued the
benefits of exercise.

According to the digital servers, seven stroke survivors
used ActivABLES for the recommended 5 days a week
for the 4 weeks with the median use of 23 days, (range
5-27 days). Four of the adherence diaries were thor-
oughly filled in, whereas six diaries gave reports for only
a limited number of days. The data from the four diaries
on the number of days that the tools were used, corre-
lated with the data on the number of days reported on
the digital servers. However, more use was reported on
the number of minutes spent exercising in the adherence
diaries when compared to data on the digital servers.
The average daily use per participant reported in the
diaries was in the range of 14—48 min, whereas on the
servers the average daily use range was nine to 28 min.

The stroke survivors and/or their caregivers called the
researcher 19 times in total, to ask for advice and/or re-
port technical difficulties during the four-week period.
On nine occasions restarting the tablet was enough to
resolve the issue and twice the caregivers were able to
take care of some minor configurations. On seven occa-
sions, additional support was needed and two phone
calls were to report accidents with one of the tools and a
tablet which fell on the floor and broke.

Stroke survivors

Informal caregivers

age time since stroke  side of walking device tablet/computer use on daily age occupation tablet/computer use on daily
hemiparesis inside basis basis

63 23 years left no yes 68 working part-  yes
time

55 9 months right no no 28  unemployed yes

71 15months left yes, a cane yes 72 retired no

79  5months right no yes 79  retired no

66 26 months right no yes 66 working part-  yes
time

74 19months left yes, a cane no 70 retired yes

67 8 months left no yes 58  working full- yes
time

73 30vyears left yes, a crutch yes 51 working full- yes
time

78 4yearsand 3 left yes, a crutch no 79  retired yes

months
72 14months right no no 80 retired yes
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Table 4 Quantitative measures
pre-test® halftime of the intervention® post-test” change in score”
Berg Balance Scale (0-56) 435 (39-47.3) 46.0 (43.0-48.0) 125
ABC-Scale (%) 555 (39.1-58.8) 564 (46.0-67.2) 109
Timed-Up-and-Go (sec) 20.1 (17.6-21.3) 159 (125-19.2) 142
Five Times Sit to Stand (sec) 209 (174-27.0) 18.2 (16.7-20.3) 127
Box and Block Test (no blocks) 33 (31-35) 33 (32-34) 0
Data from motion detectors
standing up/sitting down (times/day) 47 (32-50) 48 (46-50) 49 (42-56) 12
number of steps (per day) 1836 (1706-2636) 2469 (1707-3036) 2063 (1724-2998) 1227
standing (hours/day) 23 (1.7-32) 26 (20-3.1) 26 (1.8-3.1) 103
sitting/lying (hours/day) 213 (204-22.4) 214 (20.8-22) 210 (206-22.3) 1-03
Behaviour Regulation Exercise Questionnaire
non-self-determined motivation (0-44) 9 (83-12.8) 85 (8.0-9.75) 105
self-determined motivation (0-32) 28 (24.3-29.5) 26 (25.3-26) 120

“median (1st and 3rd quartile)
® the arrows indicate if the change is positive (1) or negative (|)

Qualitative findings

The feasibility of ActivABLES was described by the
participants in terms of four feasibility domains: accept-
ability, demand, implementation and practicality. Twelve
themes emerged from these domains which further ex-
plicate the domains and quotes illustrate the themes
within each domain (Fig. 3).

Acceptability

Four themes were identified that illustrate the accept-
ability of ActivABLES: (1) appreciation, (2) functional
improvements, (3) self-initiated activities and (4) poten-
tial use for future stroke survivors (Fig. 3).

Appreciation Both stroke survivors and caregivers
expressed appreciation for being offered an opportunity
to take part in the development of ActivABLES to pro-
mote home-based exercise and physical activities.

But I think this is really great, I would have liked to
get this much sooner...(Stroke survivor)

I think this is an excellent initiative and I just hope
that they will be able to refine this and put it into
use. (Caregiver)

Functional improvements: Most stroke survivors and
their caregivers described improvements in functioning.
Few did not notice improvements including the man who
was hospitalised and could not use ActivABLES as recom-
mended, as well as those who had stroke long time ago.

I think my walking is better, at least they [in phys-
ical therapy] say that my gait has improved. (Stroke
survivor)

I don’t know if it is because of this but she is doing
better when she is walking, she does not use the
walker inside anymore, She is walking around so her
mobility is getting better. (Caregiver)

Self-initiated activities were identified when partici-
pants described activities they had not recently taken part
in. They stroke survivors described increased motivation

Appreciation
Functional improvements
Acceptability

Self-initiated activities

Potential future use

Reported use
Interest for further use —  Demand

Need for follow-up

Fig. 3 Themes identified in line with feasibility domains

Importance of feedback
Implementation Variety of exercises
Progression of exercises
Need for support

Practicality |—
Technical problems
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to engage in self-initiated activities such as walking in-
doors without using a cane/crutch and washing the floor.
They were also more aware of using the affected arm. In
addition, the caregivers also described noticing self-
initiated activities by the stroke survivors.

Yes, for example [the exercises] motivated me to try
to take a shorter stroll without a crutch, and to take
the posh-stick as I call it, (my cane) to practice with
it. It's obviously at the top of the wish list to walk
with a cane. (Stroke survivor)

He gets things himself a lot more, he is not calling
for me all the time, he just stands up and goes to the
freezer and gets things. In this respect I feel there is a
big difference, he is helping himself a lot more.
(Caregiver)

Potential use for future stroke survivors All partici-
pants described ActivABLES to have potential use for fu-
ture stroke survivors.

This can do so much more than I expected when I
first saw it last year or the year before. I think this
ActivABLES has a potential, especially for younger
people or people right after the stroke. It is just so
important to move around as much as you can with
help from professionals. (Stroke survivor)

Absolutely, especially the balance exercises for people
who haven’t too much paresis or are not so insecure
when walking. The ball could also be useful for all
stroke survivors, even though you are in wheelchair.
(Caregiver)

Demand

Three themes that illustrated demand were identified:
(5) reported use, (6) interest in further use and (7) need
for follow-up (Fig. 3).

Most stroke survivors and their caregivers described
having tried to use ActivABLES at least five times a week
over the four-week period, but some said they quit few
days earlier due to technical issues, mostly connection
issues between the tablet and the tools.

I have been using the tools as conscientiously as I
can every single day but maybe for a shorter time
than I would have liked some days. (Stroke survivor)
1 think he has been doing very well with this, he has
dedicated himself to using it and he is interested in
it. (Caregiver)

Interest in further use The stroke survivors said they
would be interested in further use of ActivABLES
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themselves. The caregivers also thought “their” stroke
survivor would be interested in further use.

It would be good to get a plan of exercises to follow;
something like this, for the balance. (Stroke survivor)
Yes, these movements he is doing, he likes it and it
seems to be doing him good. (Caregiver)

The need for follow up The stroke survivors and care-
givers emphasised the need for follow-up services and
said that ActivABLES might have potential as a part of
this kind of service if supervised by a rehabilitation
professional.

1 think that current follow-up services for people like
me who have had a stroke are not good enough. -
This is kind of a follow-up [like ActivABLES] is lack-
ing. (Stroke survivor)

What she needs is more physical activity; like if
somebody would come and take her out for a walk.
(Caregiver)

Implementation

Three themes that illustrated implementation were iden-
tified from the interviews: (8) the importance of feedback,
(9) variety of exercises and (10) progression of exercises
(Fig. 3).

Importance of feedback Both stroke survivors and
caregivers said that the feedback was very important
while doing the exercises. The stroke survivors also
mentioned how many points they had scored and their
enthusiasm for competing for more points. Having a tar-
get to compete for was also described by the caregivers.
The visual feedback from ActivIREE and ActivLAMP
were helpful in this regard.

I once made it up to 100. [Yes, good for you, well
done]. Yes, usually I went up to 20 or 30, then I was
finished. But I was so upbeat that day that I went
up to 100, I thought it was great. (Stroke survivor)

I believe the feedback is good . . . You know, being
able to fill the tree completely. I realise it is so motiv-
ating to be able to do that, and to keep going and do
a little more, or even better. - He was happy when
the right branch of the tree became fully lit. Yes, it
made him happy. (Caregiver)

Variety of exercises The stroke survivors thought the
exercises lacked variety and would have liked to have
more diversity in the types of them. Their caregivers
agreed with these sentiments.
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The ActivFOAM could have a more diverse list of
games, such as Escape. It is sometimes fun, it was
particularly fun at the beginning but then it became,
like, just boring. (Stroke survivor)

The interest decreased a little, yesterday or the day
before yesterday, she talked about it, saying that the
variety, it was missing a bit. (Caregiver)

Progression of exercises Some stroke survivors said
they had progressed with the exercises and that they
made attempts to make them more challenging. In the
adherence diaries, the stroke survivors rated the exer-
cises as more difficult at the beginning (5-8 out of 10).
During the final days of the study they had become less
difficult (1-5 out of 10).

They [the games] should not be too hard, but some-
thing that everybody can do as an exercise. And then
you could make them more difficult for progression.
(Stroke survivor)

Practicality
Two themes that illustrated practicality were identified:
(11) need for support and (12) technical problems (Fig. 3).

Need for support Only few caregivers described occa-
sional encouragement or reminders for doing the exer-
cises. One caregiver said she physically had to assist her
husband with the exercises. Others described assisting
such as with turning on ActivABLES and/or charging
the tablet. The stroke survivors described they were al-
most independent as regards using ActivABLES and
doing the exercise.

1 think it might have happened about three times, like
“well now, let’s hurry up with this” [caregiver said].
Yes, three times or something, but no more. Otherwise
she was always just, she called me when she was done
to tell me that she was so happy, you see. (Caregiver)

Technical problems There were technical problems in
relation to the use of ActivABLES. All participants had a
problem at some point in time during the four-week
period. Sometimes it was enough to restart the tablet.
Those who were familiar with using tablets or com-
puters were aware of that and had already tried that be-
fore contacting the researchers. On one occasion, the
ActivBALL became dysfunctional after falling acciden-
tally on the floor and it was not possible to fix or replace
it. Some participants had a tablet that had the same in-
put for charging and for connecting the ActivFOAM
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and on one occasion, the tablet fell on the floor and
broke while a stroke survivor was plugging in the cables.
This happened during the last week of the four-week
period. The tablet was still useable, but the crack irri-
tated the user and did affect use of the tablet. Some
stroke survivors reported frustration when dealing with
the technical issues.

It has challenged my patience, a bit (silence). [Inter-
viewer: Was it mainly due to technical problems or?]
Well, just yes, because the devise apparently didn't
work completely, despite ones wishes. (Stroke sur-
vivor)

There were some technical difficulties and then, just
her physical fatigue, physical and mental fatigue
caused annoyance and a lack of willingness to do
anything (silence) -the exercises. (Caregiver)

Integration of quantitative and quadlitative findings
The integration of the quantitative and qualitative data
is summarised in Table 5. There was congruence in all
components of the feasibility framework both between
the quantitative and qualitative data and generally also
between the stroke survivors and the caregivers. Both ac-
cepted the usability of ActivABLES. The stroke survivors
also improved in function and physical activity after the
four-week use of ActivABLES. The stroke survivors had
tried to use ActivABLES for at least 5 days per week.
Participants — stroke survivors and caregivers — were
in agreement on the potential of ActivABLES for further
use in the homes.

Although technical problems were frequent when
using ActivABLES, the stoke survivors only needed min-
imal assistance from the caregivers.

Discussion

The feasibility of ActivABLES was evaluated in a mixed
methods study in terms of acceptability, demand, imple-
mentation and practicality among 10 stroke survivors.
Quantitative and qualitative results were integrated after
data analysis to gain a thorough understanding of the
feasibility of ActivABLES [38]. The main findings show
that both stroke survivors and caregivers found ActivA-
BLES to be feasible for community-dwelling stroke sur-
vivors with slight or moderate impairments to use for
exercise and physical activity with support from their
caregivers. These results encourage the researchers to
proceed with further development of the prototypes.

Acceptability

In our study, the stroke survivors and their caregivers
did appreciate the idea of ActivABLES and believed that
ActivABLES could be useful and beneficial for them-
selves as well as for future stroke survivors. Most of the
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Table 5 Integration of quantitative and qualitative findings
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Feasibility domains  Quantitative results

Qualitative themes

Integration

Stroke survivors reported improvements
in function.

Caregivers reported improvements in
function of their stroke survivors.

Functional improvements

The quantitative functional measures
confirm the experience of the
participants of improved function.

Acceptability Measure Change in median
from pre to post

BBS (score) 43.5-46 125
ABC (score) 55.5-56.4 109
TUG (sec) 20.1-15.9 142
5xSST (sec) 209-182 127
BBT (score) 33-33 0
Motion detectors:
Standing up /sitting down  47-49 12
Number of steps 1836-2063 1 227
Standing (hours/day) 23-26 103
Sitting/lying (hours/day) 213-210 103

Demand

Implementation

Use according to digital servers

« Seven stroke survivors used
ActivABLES for the recommended
five days a week.

Use according to adherence diaries

+ Median use 23 days.

Measure Change in mean
from pre to post

BREQ-2: 28-26 120

Self-determined motivation

Non-self-determ motivation 9-8.5 105

In the adherence diaries, the stroke
survivors rated the exercises as more
difficult in the beginning (5-8) and

Self-initiated activities

Stroke survivors described increased
motivation to engage in self-initiated
activities.

Reported use

Stroke survivors and their caregivers
reported use of ActivABLES at least five
times a week.

Interest in further use

Stroke survivors reported interest in
further use.

Caregivers thought their stroke survivor
would be interested in further use.

Progression of exercises

Stroke survivors reported they had
progressed with the exercises, making
them more challenging

The quantitative data from the motion
detectors suggest that the stroke
survivors were more mobile which
might indicate they engaged in more
activities.

The quantitative data from servers and
diaries were congruent with each other
while reported use in the interview
tended to be more than from the servers
and diaries.

The quantitative results from BREQ-2
does only partially support the
qualitative results on interest in
further use.

In the diaries, the stroke survivors report the
exercises as being less difficult, which is
convergent with what they reported in the

less difficult (1-5) during the last days
of use.

interviews. Progression should
lead to at least the same level of difficulty.

stroke survivors showed improvements in functioning al-
though they only used ActivABLES for the limited time
of 4 weeks. Still, it is important to note that most of the
stroke survivors had physical therapy once or twice a
week during the 4 weeks they were using ActivABLES.
Therefore, we do not know how much value ActivA-
BLES had as regards their functional progress.

The outcomes used in our study were chosen to reflect
physical function trained while using ActivABLES.
Those who did worse on these outcomes at baseline im-
proved more than those who had higher score. Training
effects of exercise can appear as soon as after 1 week, es-
pecially if the person is inactive, but the effects are con-
siderably greater with regular exercise for several
months [81]. Although most of the cortical reorganisa-
tion in the brain takes place in the first 6 months after a
stroke [82], there is a growing evidence on stroke survi-
vors improving their function in the chronic phase of
stroke, well beyond the first 6 months [83]. All but one
stroke survivor in our study were in the chronic phase of

stroke (> 6 months since stroke), and this person was ac-
tually the only stroke survivor who did not show im-
provements in any of the functional measures. The two
stroke survivors that had their strokes more than 20
years ago were, however, less interested in using ActivA-
BLES but both indicated they would have liked to have
had something like this in the earlier phase of stroke.
Still, both of them did improve their function in three of
the functional measures.

Increased duration of exercise can improve function in
stroke survivors [84, 85] and therefore it is important to
motivate stroke survivors to engage in exercise. Most of
the stroke survivors in our study met a PT once or twice
a week (individual or group session) and most of them
remained inactive between the physical therapy sessions.
The stroke survivors in our study seemed to be very in-
active when compared with community-dwelling stroke
survivors in international studies [5, 86] and are far from
meeting the guidelines for physical activity [81]. Accord-
ing to a review conducted in 2017 [86], the average
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number of daily steps among community-dwelling
stroke survivors in the chronic phase was 4078, whereas
the range of daily steps taken by the stroke survivors in
our study was 1706 steps prior to the intervention to
3036 during the intervention. The average time spent
walking daily was 30 min in our study but 88 min in the
review [86]. In another review, the average number of
daily steps of stroke survivors ranged between 1389 and
7379, and hours standing, or walking ranged from 2.7 to
4.5 h per day [5]. In our study, the average daily standing
and walking hours were 2.3. Some of these differences
could possibly be explained by the fact that different
motion detectors were used in the studies [86]. Still,
there are indications that the stroke survivors did in-
crease their physical activity after the four-week use of
ActivABLES.

Demand

Data on reported use were obtained from the interviews,
the digital servers and the adherence diaries, all showing
that most of the stroke survivors followed the instruc-
tions about the daily use of ActivABLES and used it at
least 5 days a week. These results of compliance com-
pare well with the findings of other studies investigating
the use of technical applications for home-based exercise
[30, 87, 88]. Reported use in our study was different,
where the digital servers showed much less use in mi-
nutes than reported in the interviews and in the adher-
ence diaries. It is well known in research that people
tend to overestimate their physical activity [89]. Still, we
believe the reports of use as described in the qualitative
findings of the interviews and diaries are reliable because
they generally agree with the days and the minutes re-
ported in the diaries. Stroke survivors need to stay phys-
ically active to maintain their function, but research has
shown they are physically inactive and sit for a pro-
longed time [5, 86, 90]. According to guidelines for pre-
scribing physical activity to stroke survivors, they should
exercise their balance and do some strength and
functional exercise one to three times per week and walk
or do some aerobic activities for 10-60 min two to five
times per week throughout life [81]. The results of
BREQ-2 showed that the stroke survivors scored high in
self-determination at the beginning. ActivABLES did not
change the motivation to exercise which was measured
with BREQ-2, although the data demonstrate a tendency
in a positive direction towards increased self-
determination. A systematic review revealed that differ-
ent methods and lengths of time were needed to change
motivation, depending on how motivated individuals
were at each time [91]. There was much missing data in
the answers to BREQ-2, which may have affected the
outcomes. A larger sample is needed to explain whether
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ActivABLES can increase motivation for exercise and
physical activity.

Implementation

The spontaneous feedback from ActivABLES is thought
to be important, both the direct feedback on the tablet
for each exercise as well as the feedback for the whole
day given by ActivLAMP and ActivIREE. These results
are in line with other studies, showing the importance of
feedback in terms of personalised goals and activities
[25, 92]. At the same time, the stroke survivors found it
important to have more variety in game-based exercises
to make them both challenging and engaging to them
[34, 93]. The results of our study are partly in line with
the findings of a meta-analysis from 2018 [35], where
interactive games were shown to be effective in improv-
ing functional balance of stroke survivors, measured with
BBS, but not effective in improving mobility, measured
with TUG, like in our study. Enjoyment of exercise mo-
tivates stroke survivors to adhere to exercise and phys-
ical activity [88] and more variety is likely to increase
enjoyment. One stroke survivor in our study was quite
active already, aside from ActivABLES use, and followed
his activity using an Apple Watch and he did not find a
use for the collective feedback given by the ActivLAMP.

Practicality

All participants agreed there was not much need for
support or assistance and stroke survivors were generally
self-sufficient with the exercise. The caregivers were
willing and able to help and were glad to have a resource
to use in their homes to increase the physical activities
of their loved one. ActivABLES was easy to handle for
the stroke survivors with slight or moderated impair-
ments and they generally did not need assistance, except
at the very beginning. As can be expected, some partici-
pants experienced technical problems which caused
some frustrations. This, however, is always an issue
when developing technological prototypes due to their
more experimental nature, but it emphasises the import-
ance of having tools that are easy to use and are uncom-
plicated. This might explain why some stroke survivors
did not show full compliance with the recommended
use of the ActivABLES tools.

Limitations and strengths

Among the limitations of the study are the small sample
size and a the lack of a control group which limits the
generalisation of the study results. In addition, the par-
ticipants reported different technical problems when
using ActivABLES, which is inherent in a study like this.
The tools were technological prototypes, and thus some-
what fragile and vulnerable to minor tumbling. Only
four adherence diaries were filled in properly, indicating
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that more emphasis and/or support from the researchers
might have been needed on the importance of docu-
menting the use of the tools properly. The participants
may also have become tired of keeping the diaries result-
ing in less thorough reporting. Moreover, there were
missing data in the motion detectors and the self-report
questionnaires. Lastly, the researchers who conducted
the interviews with participants were known to the par-
ticipants and may have elicited answers that were desir-
able rather than an accurate reflection of the actual
experience. However, to minimize the risk of bias the re-
searchers emphasised the need for negative as well as
positive feedback on using ActivABLES.

Our study had various strengths that need to be
emphasised. With an innovative technical intervention
like ActivABLES, it is important to have a multi-
disciplinary team working on the development. Our
team was composed of healthcare professionals with
much experience in stroke rehabilitation research in-
cluding physical therapists, nurses as well as engineers
and computer scientists who are experts in the field of
technical innovation. Theoretical underpinnings through
the use of the MRC framework and the human-centred
design are highly important since both provide input
and feedback from future users, such as stroke survivors,
their caregivers and healthcare professionals, to the
team. The research team wused an evidence-based
approach to developing ActivABLES, which provided
knowledge about the potential for innovations to motiv-
ate and encourage stroke survivors to engage in home-
based exercise and physical activity. Comprehensive and
robust methods were used to conduct the study to gain
a broad and extensive idea of the feasibility of ActivA-
BLES among the participants and strong agreements
were found between the findings based on the quantita-
tive and qualitative data. Future studies investigating the
effects of ActivABLES, should be conducted with larger
samples and should investigate both short-term and
long-term effects of ActivABLES on functional out-
comes, as well as cost-effectiveness.

Clinical implications

Stroke survivors need to engage in exercise and physical
activity to maintain and improve their function and in-
dependence in activities of daily living. Despite the im-
portance of exercise and physical activity for stroke
survivors, physical inactivity and sedentary behaviour is
a major issue affecting community-dwelling stroke survi-
vors. There is an urgent need to find ways to motivate
stroke survivors to engage in exercise and physical activ-
ity on a daily basis with support from their caregivers
and under the supervision of a physical therapist or
nurses. Daily access to a physical therapist and other
healthcare professionals is not possible and should not
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be necessary if the stroke survivors have other types of
resources to promote own health in their homes. Use of
ActivABLES in the home was found to be feasible by
community-dwelling stroke survivors and their care-
givers. In the future, ActivABLES may also be used in a
broader context such as with stroke survivors residing in
nursing homes, other patients and the elderly. We fore-
see ActivABLES as a low-cost technical solution which
requires only a small space. The tools are not compli-
cated to use and should not be expensive to produce.

Technical applications, like ActivABLES, have the po-
tential to improve function in stroke survivors who res-
ide in their homes since they encourage physical activity
and self-initiated activities. Technical applications can
offer games and feedback that motivate stroke survivors,
helping them to engage in healthy behaviour. Stroke sur-
vivors can use technical applications for home-based ex-
ercise and physical activity, and they can be a resource
to meet demand for follow-up service. Stroke survivors
with slight to moderate impairments could possibly be
self-reliant with technical applications that are simple
and easy to use, provided that they are free of technical
problems.

Technical solutions will be an increasing part of re-
habilitation in the future but research has shown lack of
confidence and competence of healthcare professionals
in using those solutions [94]. Therefore, it is important
to integrate use of technical resources into healthcare
professionals’ education as well as the support given by
healthcare organisations. Stroke survivors with slight or
moderate handicap and their caregivers need appropriate
resources to be more active in healthy behaviour in the
community. In this way, stroke survivors can be empow-
ered and take more initiative in their exercise and phys-
ical activities.

Conclusion

There are many possibilities to encourage and help stroke
survivors to be more physically active. ActivABLES is an
intervention aiming to motivate and promote home-based
exercise and physical activity of community-dwelling
stroke survivors with support from their caregivers. The
results from this feasibility study indicate that an inter-
active technical solution like ActivABLES is feasible to use
and can be a good asset for stroke survivors with slight or
moderate handicap to use in their homes. These results
are encouraging for the researchers to further develop the
prototypes of ActivABLES.

Abbreviations

5xSST: Five Times Sit to Stand Test; ABC: Activities-Specific Balance
Confidence Scale; BBS: Berg Balance Scale; BBT: Box and Block Test; BREQ-
2: Behaviour Regulation Exercise Questionnaire 2; MRC: Medical Research
Council; PT: Physical therapist; RN: Registered nurse; SDT: Self-determined
theory; TUG: Timed-Up-and-Go



Olafsdottir et al. BMC Health Services Research (2020) 20:562

Acknowledgements

We gratefully acknowledge the contribution of all participants, including
stroke survivors and their caregivers as well as rehabilitation professional at
Grensasdeild Department of Rehabilitation at Landspitali The National
University Hospital of Iceland, Reykjalundur Rehabilitation, Kristnesspitali
Rehabilitation of Akureyri Hospital and Bjarg Rehabilitation in Akureyri. Also,
we want to thank the stroke associations in Iceland, Heilaheill and
Strokeforeningen Malmé in Sweden. Many thanks go to Dr. Rose Galvin for
her feedback.

Authors’ contributions

SAO, THB and HJ designed and coordinated the study and wrote the
protocol. SAO and IB conducted the testing and SAA contributed to the
data collection. CM, HC, DM, MK and LM developed the prototypes and HC

and LM introduced the prototypes to the stroke survivors and the caregivers.

CM is the grant holder for the programme that supported this work. SAO
and TBH wrote the first draft of the manuscript, which was critically revised
for important intellectual content by all authors. All authors have approved

the final version of this manuscript prior to submission. TBH and SAO are the

guarantors of the manuscript, and affirm that the manuscript is an honest,
accurate, and transparent account of the research being reported, and that
no important aspects of the study have been omitted.

Funding

The reported work was mainly funded by the NordForsk ActivABLES project.
We also received smaller grants from the Icelandic Physiotherapy Association

and the Icelandic Ministry of Welfare. This funding financed the design of
the study, the development of the prototypes, the collection, analysis and
interpretation of data, and the writing of the manuscript. In addition, the
funding financed traveling cost for researchers and the cost of the final
publication.

Availability of data and materials
Further information on the datasets is available from the corresponding
author on reasonable request.

Ethics approval and consent to participate

The study was conducted according to the principles of the Declaration of
Helsinki (World Medical Association, 2016). All the stroke survivors and
caregivers received verbal and written information and signed an informed
consent prior to participating in the study. Participation was voluntary,
anonymous and confidential. Ethical approval for the study was granted by
the National Ethics Committee of Iceland (Ref. VSNb2015110001/03.01).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Department of Physical Therapy, Faculty of Medicine, School of Health
Sciences, University of Iceland, Stapi vid Hringbraut, 102, Reykjavik, Iceland.
2Faculty of Nursing, School of Health Sciences, University of Iceland,
Reykjavik, Iceland. Division of Clinical Services I, Landspitali- The National
University Hospital of Iceland, Reykjavik, Iceland. “Department of Design
Science, Lund University, Lund, Sweden. “Department of Computer Science,
Aalto University in Helsinki, Espoo, Finland. “Department of Computer
Science, University of Helsinki, Helsinki, Finland. “Nursing Science
Department, Julius Center for Health Sciences and Primary Care, University
Medical Center Utrecht, Utrecht, The Netherlands.

Received: 15 October 2019 Accepted: 15 June 2020
Published online: 22 June 2020

References

1. Feigin VL, Forouzanfar MH, Krishnamurthi R, et al. Global and regional
burden of stroke during 1990-2010: findings from the global burden of
disease study 2010. Lancet. 2014;383:245-55.

2. Teasell R, Fernandez M, McIntyre A, et al. Rethinking the continuum of
stroke rehabilitation. Arch Phys Med Rehabil. 2014;,95(4):595-6.

22.

23.

24.

25.

26.

Page 15 of 17

English C, van de Port |, Lynch E. Group circuit class therapy for stroke
survivors — a review of the evidence and clinical implications. In: Bettany-
Saltikov J, Paz-Lourido B, editors. Physical therapy perspectives in the 21st
century - challenges and possibilities. Croatia: IntechOpen; 2012. p. 337-68.
Biswas A, Oh PI, Faulkner GE, et al. Sedentary time and its association with
risk for disease incidence, mortality, and hospitalization in adults: a
systematic review and meta-analysis. Ann Intern Med. 2015;162(2):123-32.
English C, Manns PJ, Tucak C, et al. Physical activity and sedentary behaviors
in people with stroke living in the community: a systematic review. Phys
Ther. 2014,94(2):185-96.

English C, Healy GN, Coates A, et al. Sitting time and physical activity after
stroke: physical ability is only part of the story. Top Stroke Rehabil. 2016;
23(1):36-42.

Miller KK, Porter RE, DeBaun-Sprague E, et al. Exercise after stroke: patient
adherence and beliefs after discharge from rehabilitation. Top Stroke
Rehabil. 2017,24(2):142-8.

Nicholson S, Sniehotta FF, Wijck F, et al. A systematic review of perceived
barriers and motivators to physical activity after stroke. Int J Stroke. 2012;
8(5):357-64.

Mansfield A, Knorr S, Poon V, et al. Promoting optimal physical exercise for
life: An exercise and self-management program to encourage participation
in physical activity after discharge from stroke rehabilitation - A feasibility
study. Stroke Res Treat. 2016. https.//doi.org/10.1155/2016/9476541.

Lou S, Carstensen K, Jargensen CR, et al. Stroke patients’ and informal
carers’ experiences with life after stroke: an overview of qualitative
systematic reviews. Disabil Rehabil. 2017;39(3):301-13.

Pang MY. A caregiver-mediated home-based intervention improves physical
functioning and social participation in people with chronic stroke. J
Physiother. 2014;,60(4):235.

Vloothuis J, Mulder M, Nijland RH, et al. Caregiver-mediated exercises with
e-health support for early supported discharge after stroke (CARE4STROKE):
Study protocol for a randomized controlled trial. BMC Neurol. 2015;15:193.
Reunanen MA, Jarvikoski A, Talvitie U, et al. Individualised home-based
rehabilitation after stroke in eastern Finland - the client’s perspective. Health
Soc Care Community. 2016;24(1):77-85.

Galvin R, Cusack T, O'Grady E, et al. Family-mediated exercise intervention
(FAME) - evaluation of a novel form of exercise delivery after stroke. Stroke.
2011;42(3):681-6.

Simpson LA, Eng JJ, Chan MJD. H-GRASP: the feasibility of an upper limb
home exercise program monitored by phone for individuals post stroke.
Disabil Rehabil. 2017;39(9):874-82.

Teasell R, Cotoi A, Chow J, et al. The stroke rehabilitation evidence-based
review: (18" edition). In: Canadian stroke network: In; 2018, httpy//www.
ebrsr.com/sites/default/files/documents/v18-SREBR-ExecutiveSummary-2.pdf.
Vloothuis JD, Mulder M, Veerbeek JM, et al. Caregiver-mediated exercises for
improving outcomes after stroke. Cochrane Database Syst Rev. 2016;12:
CD011058.

Galvin R, Cusack T, Stokes E. To what extent are family members and friends
involved in physiotherapy and the delivery of exercises to people with
stroke? Disabil Rehabil. 2009;31(11):898-905.

Lee MJ, Yoon S, Kang JJ, et al. Efficacy and safety of caregiver-mediated
exercise in post-stroke rehabilitation. Ann Rehabil Med. 2018;42(3):406-15.
Galvin R, Stokes E, Cusack T. Family-mediated exercises (FAME): an
exploration of participant’s involvement in a novel form of exercise delivery
after stroke. Top Stroke Rehabil. 2014;21(1):63-74.

Cameron JI, Stewart DE, Streiner DL, et al. What makes family caregivers
happy during the first 2 years post stroke? Stroke. 2014;45:1084-9.

Lutz BJ, Camicia M. Supporting the needs of stroke caregivers across the
care continuum. J Clin Outcomes Manag. 2016;23:557-66.

Hafsteinsdottir TB, Vergunst M, Lindeman E, et al. Educational needs of
patients with a stroke and their caregivers: a systematic review of the
literature. Patient Educ Couns. 2011;85:14-25.

Vloothuis J, de Bruin J, Mulder M, et al. Description of the CARE4STROKE
programme: A caregiver-mediated exercises intervention with e-health
support for STROKE patients. Physiother Res Int. 2018,23(3):¢1719.

Mawson S, Nasr N, Parker J, et al. A personalized self-management
rehabilitation system with an intelligent shoe for stroke survivors: a realist
evaluation. JMIR Rehabil Assist Technol. 20163(1):e1.

Adie K, Schofield C, Berrow M, et al. Does the use of Nintendo Wii sports™
improve arm function? Trial of Wii™ in stroke: a randomized controlled trial
and economics analysis. Clin Rehabil. 2017;31(2):173-85.


https://doi.org/10.1155/2016/9476541
http://www.ebrsr.com/sites/default/files/documents/v18-SREBR-ExecutiveSummary-2.pdf
http://www.ebrsr.com/sites/default/files/documents/v18-SREBR-ExecutiveSummary-2.pdf

Olafsdottir et al. BMC Health Services Research

27.

28.

29.

30.

32.

33

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,
45,

46.

47.

48.

49.

50.

(2020) 20:562

Rooij |, van de Port |, Meijer J. Feasibility and effectiveness of virtual reality
training on balance and gait recovery early after stroke: A pilot study. Int J
Phys Med Rehabil. 2017;5(417):2.

Mirza-Babaei P, Kamkarhaghighi M, Gerling K. Opportunities in game-based
stroke rehabilitation. In: Proceedings of the 2014 IEEE games media
entertainment: GEM; 2014 Oct 22. Toronto: IEEE Xplore; 2015. Available
from: https://ieeexplore.ieee.org/document/7118436.

Saywell N, Taylor N, Rodgers E, et al. Play-based interventions improve
physical function for people with adult-acquired brain injury: a systematic
review and meta-analysis of randomised controlled trials. Clin Rehabil. 2017;
31(2):145-57.

Ezeugwu VE, Manns PJ. The feasibility and longitudinal effects of a home-
based sedentary behavior change intervention after stroke. Arch Phys Med
Rehabil. 2018,99(12):2540-7.

Lohse KR, Hilderman CG, Cheung KL, et al. Virtual reality therapy for adults
post-stroke: a systematic review and meta-analysis exploring virtual
environments and commercial games in therapy. PLoS One. 2014,9(3):
e93318.

Edgar MC, Monsees S, Rhebergen J, et al. Telerehabilitation in stroke
recovery: a survey on access and willingness to use low-cost consumer
technologies. Telemed E-Health. 2017,23(5):421-9.

Wingham J, Adie K, Turner D, et al. Participant and caregiver experience of
the Nintendo Wii sports™ after stroke: qualitative study of the trial of Wii™ in
stroke (TWIST). Clin Rehabil. 2015;29(3):295-305.

Hung Y-X, Huang P-C, Chen K-T, et al. What do stroke patients look for in
game-based rehabilitation: a survey study. Medicine. 2016;95(11):e3032.
Ferreira V, Carvas N Jr, Artilheiro MC, et al. Interactive video gaming
improves functional balance in poststroke individuals: meta-analysis of
randomized controlled trials. Eval Health Prof. 2020;43(1):23-32.

Veerbeek JM, Langbroek-Amersfoort AC, Van Wegen EE, et al. Effects of
robot-assisted therapy for the upper limb after stroke: a systematic review
and meta-analysis. Neurorehabil Neural Repair. 2017;31(2):107-21.

Laver KE, George S, Thomas S, et al. Virtual reality for stroke rehabilitation.
Cochrane Database of Syst Rev. 2017;11:CD008349.

Creswell JW, Planco CVL. Designing and conducting mixed methods
research. California: SAGE Publications; 2018.

Craig P, Dieppe P, Macintyre S, et al. Developing and evaluating complex
interventions: the new medical research council guidance. BMJ. 2008;337:
979-83.

Bleijenberg N, de Man-van Ginkel JM, Trappenburg JCA, et al. Increasing
value and reducing waste by optimizing the development of complex
interventions: enriching the development phase of the Medical Research
Council (MRC) framework. Int J Nurs Stud. 2018,;79:86-93.

Bowen DJ, Kreuter M, Spring B, et al. How we design feasibility studies. Am
J Prev Med. 2009;36(5):452-7.

Bonita R, Beaglehole R. Recovery of motor function after stroke. Stroke.
1988;19(12):1497-500.

Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: a practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res.
1975;12(3):189-98.

Winograd TE. Bringing design to software. New York: ACM Press; 1996.
Olafsdottir SA, Jonsdottir H, Magnusson C, et al. Developing ActivABLES for
community-dwelling stroke survivors using the Medical Research Council
framework for complex interventions. BMC Health Serv Res. 2020,20(1):463.
Magnusson C, Caltenco H, Rassmus-Grohn K; et al. Universal balance? Stud
Health Technol Inform. 2018;256:847-53.

Magnusson C, Rassmus-Gréhn K, Rydeman B, et al. Walk after stroke: initial
development of a step counting game for stroke survivors. In: Proceedings
of the 20th international conference on human-computer interaction with
mobile devices and services adjunct: MobileHCI 18; 2018 Sep 3; Barcelona,
Spain. New York: Association for Computing Machinery; 2018. p. 237-44.
Kytd M, McGookin D, Bock W, et al. Designing bimanual tangible interaction
for stroke survivors. In: Proceedings of the twelfth international conference
on tangible, embedded, and embodied interaction: 2018 Mar 18.
Stockholm; 2018. p. 245-52. https://doi.org/10.1145/3173225.3173269.

Berg KO, Wood-Dauphinee SL, Williams JI, et al. Measuring balance in the
elderly: validation of an instrument. Can J Public Health. 1992,83(2):57-11.
Berg K, Wood-Dauphinee S, Williams J. The balance scale: reliability
assessment with elderly residents and patients with an acute stroke. Scan J
Rehabil Med. 1995;27(1):27-36.

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

72.

73.

74.

Page 16 of 17

Stevenson TJ. Detecting change in patients with stroke using the Berg
balance scale. Aust J Physiother. 2001;47(1):29-38.

Flansbjer U-B, Blom J, Brogardh C. The reproducibility of Berg balance scale
and the single-leg stance in chronic stroke and the relationship between
the two tests. Phys Med Rehabil. 2012/4(3):165-70.

Blum L, Korner-Bitensky N. Usefulness of the Berg balance scale in stroke
rehabilitation: a systematic review. Phys Ther. 2008;88(5):559-66.
Arnadottir SA, Lundin-Olsson L, Gunnarsdottir ED, et al. Application of Rasch
analysis to examine psychometric aspects of the activities-specific balance
confidence scale when used in a new cultural context. Arch Phys Med
Rehabil. 2010,91(1):156-63.

Salbach NM, Mayo NE, Hanley JA, et al. Psychometric evaluation of the
original and Canadian French version of the activities-specific balance
confidence scale among people with stroke. Arch Phys Med Rehabil. 2006;
87(12):1597-604.

Botner EM, Miller WC, Eng JJ. Measurement properties of the activities-
specific balance confidence scale among individuals with stroke. Disabil
Rehabil. 2005;27(4):156-63.

Mathias S, Nayak US, Isaacs B. Balance in elderly patients: the “get-up and
go” test. Arch Phys Med Rehab. 1986,67(6):387-9.

Flansbjer U-B, Holmbéck AM, Downham D, et al. Reliability of gait
performance tests in men and women with hemiparesis after stroke. J
Rehabil Med. 2005;37(2):75-82.

Hafsteinsdottir TB, Rensink M, Schuurmans M. Clinimetric properties of the
timed up and go test for patients with stroke: a systematic review. Top
Stroke Rehab. 2014;21(3):197-210.

Csuka M, McCarty DJ. Simple method for measurement of lower extremity
muscle strength. Am J Med. 1985;78(1):77-81.

Silva PFS, Quintino LF, Franco J, et al. Measurement properties and
feasibility of clinical tests to assess sit-to-stand/stand-to-sit tasks in subjects
with neurological disease: a systematic review. Braz J Phys Ther. 2014;18(2):
99-110.

Mathiowetz V, Volland G, Kashman N, et al. Adult norms for the box and
block test of manual dexterity. Am J Occup Ther. 1985;39(6):386-91.

Platz T, Pinkowski C, van Wijck F, et al. Reliability and validity of arm
function assessment with standardized guidelines for the Fugl-Meyer test,
action research arm test and box and block test: a multicentre study. Clin
Rehabil. 2005;19(4):404-11.

Lin K, Chuang LL, Wu CY, et al. Responsiveness and validity of three
dexterous function measures in stroke rehabilitation. J Rehabil Res Dev.
2010;47(6):563-72.

Markland D. Exercise motivation measurement: The Behavioural Regulation
in Exercise Questionnaire. 2009. Archived at: http://pagesbangor.ac.uk/~
pes004/exercise_motivation/scales.htm.

Markland D, Tobin V. A modification to the behavioural regulation in
exercise questionnaire to include an assessment of amotivation. J Sport
Exerc Psychol. 2004;26(2):191-6.

Sweet SN, Fortier MS, Strachan SM, et al. Testing a longitudinal integrated
self-efficacy and self-determination theory model for physical activity post-
cardiac rehabilitation. Health Psychol Res. 2014;2(1):30-7.

Wilson PM, Sabiston CM, Mack DE, et al. On the nature and function of
scoring protocols used in exercise motivation research: an empirical study
of the behavioral regulation in exercise questionnaire. Psychol Sport Exerc.
2012;13(5)614-22.

Mohr DC, Cuijpers P, Lehman K. Supportive accountability: a model for
providing human support to enhance adherence to eHealth interventions. J
Med Internet Res. 2011;13(1):e30.

Ingledew DK, Markland D. The role of motives in exercise participation.
Psychol Health. 2008;23(7):807-28.

Wilson PM, Rodgers WM. The relationship between perceived autonomy
support, exercise regulations and behavioral intentions in women. Psychol
Sport Exerc. 2004;5(3):229-42.

Milne HM, Wallman KE, Gordon S, et al. Impact of a combined resistance
and aerobic exercise program on motivational variables in breast cancer
survivors: a randomized controlled trial. Ann Behav Med. 2008;2(36):158-66.
Vancampfort D, De Hert M, Vansteenkiste M, et al. The importance of self-
determined motivation towards physical activity in patients with
schizophrenia. Psychiatry Res. 2013;210(3):812-8.

Edwardson CL, Winkler EA, Bodicoat DH, et al. Considerations when using
the activPAL monitor in field-based research with adult populations. J Sport
Health Sci. 2017,6(2):162-78.


https://ieeexplore.ieee.org/document/7118436
https://doi.org/10.1145/3173225.3173269
http://pages.bangor.ac.uk/~pes004/exercise_motivation/scales.htm
http://pages.bangor.ac.uk/~pes004/exercise_motivation/scales.htm

Olafsdottir et al. BMC Health Services Research

75.

76.

77.
78.

79.

80.

82.
83.

84.

85.

86.

87.

88.

89.

90.

92.

93.

94.

(2020) 20:562

Yang CC, Hsu YL. A review of accelerometry-based wearable motion
detectors for physical activity monitoring. Sensors. 2010;10(8):7772-88.
Field MJ, Gebruers N, Shanmuga Sundaram T, et al. Physical activity after
stroke: A systematic review and meta-analysis. ISRN Stroke. 2013. https://doi.
0rg/10.1155/2013/464176.

Borg G. Borg's perceived exertion and pain scales. Human Kinetics:
Champaign; 1998. ISBN: 0-88011-623-4.

Holloway |, Galvin K. Qualitative research in nursing and healthcare. 4th ed.
Wiley: Chichester; 2016.

Landerman LR, Land KC, Pieper CF. An empirical evaluation of the
predictive mean matching method for imputing missing values. Sociol
Methods Res. 1997;26(1):3-33.

Hsieh HF, Shannon SE. Three approaches to qualitative content analysis.
Qual Health Res. 2005;15(9):1277-88.

Grimby G, Willén C, Engardt M, et al. Stroke. In: Sundberg CJ, editor. Physical
activity in the prevention and treatment of disease. Ostersund: Swedish
National Institute of Public Health; 2010. p. 611-21.

Liepert J, Bauder H, Miltner WH, et al. Treatment-induced cortical
reorganization after stroke in humans. Stroke. 2000;31(6):1210-6.
Langhorme P, Coupar F, Pollock A. Motor recovery after stroke: a systematic
review. Lancet Neurol. 2009;8(8):741-54.

Galvin R, Murphy B, Cusack T, et al. The impact of increased duration of
exercise therapy on functional recovery following stroke—what is the
evidence? Top Stroke Rehabil. 2008;15(4):365-77.

Lohse KR, Lang CE, Boyd LA. Is more better? Using metadata to explore dose—
response relationships in stroke rehabilitation. Stroke. 2014;45(7):2053-8.

Fini NA, Holland AE, Keating J, et al. How physically active are people
following stroke? Systematic review and quantitative synthesis. Phys Ther.
2017,97(7):707-17.

Held JP, Ferrer B, Mainetti R, et al. Autonomous rehabilitation at stroke
patients home for balance and gait: safety, usability and compliance of a
virtual reality system. Eur J Phys Rehabil Med. 2018;54:545-53.

Putrino D, Zanders H, Hamilton T, et al. Patient engagement is related to
impairment reduction during digital game-based therapy in stroke. Games
Health J. 2017,6:295-302.

Dyrstad SM, Hansen BH, Holme IM, et al. Comparison of self-reported versus
accelerometer-measured physical activity. Med Sci Sports Exerc. 2014;46(1):
99-106.

Kunkel D, Fitton C, Burnett M, et al. Physical inactivity post-stroke: a 3-year
longitudinal study. Disabil Rehabil. 2015;37(4):304-10.

Teixeira PJ, Carraga EV, Markland D, et al. Exercise, physical activity, and self-
determination theory: a systematic review. Int J Behav Nutr Phy. 2012,9(1):78.
Parker J, Mawson S, Mountain G, et al. The provision of feedback through
computer-based technology to promote self-managed post-stroke
rehabilitation in the home. Disabil Rehabil Assist Technol. 2014;9(6):529-38.
Tamayo-Serrano P, Garbaya S, Blazevic P. Gamified In-Home Rehabilitation
for Stroke Survivors: Analytical Review. Int J Serious Games. 2018;5(1):2384-
8766.

Konttila J, Siira H, Kyngés H, et al. Healthcare professionals’ competence in
digitalisation: a systematic review. J Clin Nurs. 2019,28(5-6):745-61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 17 of 17

Ready to submit your research? Choose BMC and benefit from:

o fast, convenient online submission

e thorough peer review by experienced researchers in your field

© rapid publication on acceptance

® support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1155/2013/464176
https://doi.org/10.1155/2013/464176




Appendices

The following is some material relevant to the research on community-
dwelling stroke survivors which was described in this thesis. All this material
is in Icelandic.

Appendix | includes the Icelandic survey questionnaire that was mailed to
the community-dwelling stroke survivors, along with an information letter.

Appendix Il includes material related to the process of developing
ActivABLES.

the interview guide for the semi-structured interviews with the stroke
survivors participating in the preliminary testing in the development
phase.

the interview guide for the semi-structured interviews with the
caregivers patrticipating in the preliminary testing in the development
phase.

the information letter and an informed consent.
the form of the adherence diary.

the interview guide for the semi-structured interviews with the stroke
survivors participating in the feasibility study.

the interview guide for the semi-structured interviews with the
caregivers participating in the feasibility study.
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Upplysingabréf

Heilsa, feerni og adstaedur

Einstaklingar i heimahusum eftir eitt heilaslag

Agaeti vidtakandi

Tilgangur pessa bréfs er ad bjéda pér ad taka patt i kdnnun @ hdgum einstaklinga sem hafa
fengid heilaslag (einnig kallad heilablédfall). Undirritud, Steinunn A. Olafsdéttir, er
sjukrapjalfari i doktorsnami og er pessi konnun hluti af doktorsverkefni sem unnid er 3
heilbrigdisvisindasvidi Haskdla islands og er samstarfsverkefni namsbrautar i sjikrapjalfun i
Leknadeild og Hjukrunarfraedideildar. Abyrgdarmadur rannséknarinnar er Ingibjorg
Hjaltadéttir désent vid Haskdla islands. Adrir rannsakendur eru Sélveig Asa Arnadéttir dosent,
Helga Jénsdottir professor og bora Berglind Hafsteinsdottir préfessor. bessi kénnun er unnin
i samstarfi vid Landspitala og Sjukrahusid a Akureyri.

Tilgangur og markmid

Markmid kénnunarinnar er ad f4 upplysingar um heilsu, faerni og adstadur peirra sem hafa
fengid heilaslag og bua i heimahtdsum. Spurt er um hvada ahrif heilaslag hefur haft a
einstaklinginn ut fra ymsum sjénarhornum og heilbrigdispjonustu i kjolfar heilaslagsins.
Tilgangurinn er ad varpa ljési 4 adstaedur og porf fyrir markvissa pjalfun og pjénustu til lengri
tima.

patttakendur

bu faerd pessa kdnnun senda vegna pess ad pu ert ad minnsta kosti 18 dra og samkvaemt
sjukraskra Landspitala eda Sjukrahussins @ Akureyri fékkst pu heilaslag a timabilinu 1.april
2016 - 31.mars 2017.

Fyrirkomulag

patttaka pin felst i ad svara medfylgjandi konnun sem samanstendur af spurningum um paetti
sem snerta heilsufar, faerni, lidan, pjénustu, pjalfun og lifshaetti. [ lok kénnunarinnar er
stadladur spurningalisti sem pyddur hefur verid eftir erlendri fyrirmynd, Meelistika ¢ dhrif
heilaslags (e. Stroke Impact Scale) en pessi listi hefur mikid verid notadur til ad rannsaka
einstaklinga sem hafa fengid heilaslag.

Vid viljum bidja pig um ad lesa itarlega leidbeiningar fyrir hverja spurningu pvi svarmoguleikar
eru mismunandi, og svara sidan spurningunum eftir bestu getu. bad getur tekid 30-60 minutur
ad svara peim ollum. Ef pu vilt sleppa pvi ad svara einstokum spurningum er pér frjalst ad gera
pad. Rétt er pé ad benda a ad vegna urvinnslu gagna og areidanleika nidurstadna, er seskilegt
ad sem flestum spurningum sé svarad. bu matt ad sjalfségdu fa adstod frd adstandanda eda
vini vid ad svara spurningunum. Fair pu slika adstod, bidjum vid pig um ad merkja i videigandi
reit a fyrstu bladsidunni.



Rannsdknarmidstod Haskolans & Akureyri (RHA) mun sja um ad safna saman svérum og
afhenda okkur. begar pu hefur lokid vid ad svara konnuninni skaltu setja hana i medfylgjandi
svarumslag og loka pvi. Vid viljum sidan bidja pig um ad setja pad i naesta pdstkassa. bu parft
ekki ad greida sendingarkostnad heldur ma umslagid fara éfrimerkt i post. Ef vid hofum ekki
fengid svor fra pér innan priggja vikna fra utsendingu, hringjum vid i pig til ad ad bjéda fram
adstod. Kénnunin er send Ut i april 2018 og gert er rad fyrir rannséknarlokum par sem allar
nidurstodur muni liggja fyrir i jandar 2023. Fyrstu nidurstédur munu pé birtast fyrr.

Trinadur og personuvernd

Oll svor sem patttakendur veita verda medhéndlud samkvamt stréngustu reglum um trinad
og nafnleynd og farid verdur ad l6gum um persénuvernd, vinnslu og eydingu gagna.
Spurningalistarnir eru merktir med rannsoknarnimeri og verda vardveittir i laestri hirslu med
adgangsstyringu hja abyrgdarmanni. Listi sem tengir rannsdknarnimer vid patttakendur
verdur vardveittur 8 sama hatt, medan a rannsokn stendur, og honum eytt ad rannsdkn
lokinni. Unnid verdur Ur spurningalistanum i sérstokum tolfraeediforritum par sem allar
upplysingar verda opersonugreinanlegar. Ekki verdur haegt ad rekja svor til einstakra
batttakenda pegar nidurstédur verda birtar. Ollum rannséknargégnum verdur eytt eigi sidar
en tveimur arum eftir rannsdéknarlok eda i jandar 2025. Nidurstodurnar verda kynntar 3
erlendum og innlendum visindaradstefnum og skrifadar verdar visindagreinar i innlend og
erlend visindatimarit. Visindasidanefnd islands hefur gefid leyfi fyrir pessari rannsékn (nr.
VSNb2017110024/03.01), pbar med talid ad leita i sjukraskrdm ad einstaklingum sem fengu
heilaslag @ 40urnefndu timabili. Persénuvernd hefur einnig verid tilkynnt um kénnunina.

Avinningur og dhzetta

pad felst enginn beinn avinningur fyrir pig i patttdku i pessari kdnnun en segja ma ad dbeinn
avinningur sé ad fa taekifeeri til ad leggja 160 4 vogarskalarnar til ad baeta pekkingu @ hogum
einstaklinga sem hafa fengid heilaslag og bua i heimahusum. Slik pekking gefur medal annars
moguleika 4 ad baeta og prda pjonustu pannig ad hun maeti betur pérfum pessa hops. Ekki
felst nein bein dheaetta i ad svara pessari konnun.

Lokaord

Medfylgjandi eru spurningarnar sem vid bidjum pig um ad svara. Eins og adur hefur komid
fram, pa er pér i sjalfsvald sett hvort pu svarir pessum spurningum. Ef pu kyst ad svara ekki
mun pad ekki hafa neina eftirmala. Eftirstodvar heilaslags eru mjog mismunandi og hafa sumir
mikil einkenni og bua vid fotlun @ medan adrir hafa mjog litil einkenni. Vid éskum eftir pvi ad
pu svarir pessari konnun hvort sem pu ert med litil eda mikil einkenni eftir heilaslag. Hvert
svar skiptir mali.

Hafir pu spurningar eda viljir koma & framfaeri athugasemdum eda kvértunum i tengslum vid
konnunina, er pér velkomid ad hafa samband vid undirritada.

Med fyrirfram pokkum,

Fyrir hond rannsdknarhdpsins
Steinunn A. Olafsdéttir sjukrapjalfari og doktorsnemi
simi 849 4733, netfang sac9@hi.is

Ef pu hefur spurningar vardandi rétt pinn sem patttakandi i kdnnuninni, getur pu snuid pér
til Visindasidanefndar, Borgartuni 21, 105 Reykjavik. Simi 551 7100, tolvupdstur
visindasidanefnd@vsn.stjr.is
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Hiskola Islands, april 2018

Keri patttakandi

Takk fyrir ad gefa pér tima til ad svara pessari kénnun. Vid viljum minna pig 4 ad lesa itarlega
leidbeiningar fyrir hverja spurningu, pvi svarméguleikar eru mismunandi, og svara sidan
spurningunum eftir bestu getu. Mundu ad ekkert svar er réttara en annad. Vid viljum fyrst og
fremst fa ad vita hvada svar pér finnst Ijsa best pér og pinni reynslu.

Vid viljum jafnframt nefna aftur ad algjor nafnleynd verdur vioh6fd. Nafn pitt eda adrar
upplysingar sem benda til pess hver pu ert, munu hvergi koma fram pegar nidurstédur

pessarar rannsoknir verda birtar.

Vid viljum bidja pig um ad merkja vid hér ef pu hefur fengid adstod vid ad svara
spurningunum.

[ J4, ég fékk adstod vid ad svara spurningunum.

Eitthvad sem pu vilt taka fram:

Bestu pakkir fyrir pattt6kuna

Steinunn A. Olafsdéttir sjikrapialfari i doktorsnami vid Haskola Islands (HT)

Ingibj6rg Hjaltadéttir dosent vid hjakrunarfraedideild Hi, abyrgdarmadur rannséknarinnar
Sélveig Asa Arnadéttir désent vid namsbraut { sjakrapjalfun HI

Helga Jonsdéttir professor vid hjikrunarfradideild HI

Péra Berglind Hafsteinsdottir professor vid hjikrunarfraedideildi HI
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A. Lyofredi- og félagslegar upplysingar

Al. Hvad ert pt gamall/gémul? ira
A2. Kyn []Karl [[]Kona

A3. I hvada péstntimeri byrd pu?

| I S E—

A4. Hversu margir bia 4 heimili pinu ad pér medtoldum/medtalinni?
[ ég by ein/einn
[] tveir
] prir eda fleiri

A5. Hvert er haesta stig menntunar sem pu hefur lokid?
[ skyldunam (t.d. barnaskolaprof, grunnskolaprof, gagnfraedaprof, landsprof)
[ stidentsprof eda annad prof 4 framhaldsskolastigi
[]idnnam eda tekniskdlaprof
[ haskolaprof (BS/BA, MS/MA, PhD)

[ 6nnur menntun, hver?

B. Heilsufar, feerni og lidan

B1. Hvenr fékkst pu heilaslag? Ritadu manudinn og drio.

B2. Hver var ors6k heilaslagsins?
[ bl6dtappi 1 heila
[] bleding { heila
[] veit pad ekki

B3. Hver voru helstu einkennin eftir heilaslagid? Merkztu vid allt sem vid .

[] mattminnkun/16mun { hegri handlegg ] jafnvagisskerding

[] mattminnkun/16mun { heegri hendi [] vetkstol

[] mattminnkun/I6mun { hagri fétlegg [] gaumstol

[] mattminnkun/I6mun { hegri feti ] malstol

[] mattminnkun/I6mun { vinstri handlegg [ kyngingarérdugleikar
[] mattminnkun/lIémun { vinstri hendi [] minnisleysi

[] mattminnkun/lémun { vinstri fotlegg [] 6nnur einkenni, hver?

[J méttminnkun/16mun { vinstri fet

3 U



B4. Hefur pu greinst med adra sjukdoma eda kvilla? Merkin vid allt sem vid a.
[] hjarta- og 2dasjikdéma
[ sykursyki
[] kvida eda punglyndi
] langvinna lungnateppu
[ slitgigt eda lidagigt
[] beinpynningu
[] krabbamein
| pvagleka
[J annad, hvad

B5. Eftirfarandi stadhaefingar eru um preytu og ortku. Merktu vid pad sem pér finnst eiga best
vid pig vid hverja stadheafingn.

Aldrei Einstéku  Stundum Oftast Alltaf
sinnum
Eg preytist mjog fliott ] ] O O ]
Eg hef nzga orku til 20 komast { ] ] ] ] ]

gegnum daginn

breyta er min mesta f6tlun ] ] ] [l ]

Bo. Eftitfarandi stadheefingar eru um verki. Merktu vid pad sem pér finnst eiga best vid pig 7 dag.

[] Eg finn hvorki fyrir verkjum né 6paegindum

[ Eg finn fyrir vegum verkjum eda 6pegindum

[] Eg finn fyrir midlungs miklum verkjum eda pagindum
[] Bg finn fyrir miklum verkjum eda dpagindum

] Eg finn fyrir 6bzrilegum verkjum eda épegindum

B7. A sidustu 12 manudum, hefur pt dottid pannig ad pu hafir lent 4 j6rdinni eda golfinu ?

[ nei

Cja Hversu oft hefur pt dottid 4 sidustu 12 manudum?

Beinbrotnadir pt eda hlaust alvarlegar tognanir vid byltu sem hafdi ahrif
a daglega faerni pina?

[ nei
[1ja
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C. Umbhverfi og adstedur

C1. Hvernig var stérfum pinum hattad adur en pu fékkst heilaslagr Merksu vid allt sen vid d.

[] Eg var i fullu starfi

] Eg var { hlutastarfi

] Eg var { nami

] Eg var ekki { vinnu s6kum aldurs
[] Eg var atvinnulaus

[] Eg sinnti sjalfbodalidastarfi

[] Annad, hvad

C2. Hvernig er stérfum pinum hattad i dagr Merktu vid allt sen vid d.

[JEgeri fullu starfi

] Eg et { hlutastarfi

O] Eg er { ndmi

] Eg er ekki i vinnu vegna aldurs

] Eg er ekki { vinnu pvi ég er ekki fer um pad
[]Eg er ekki { vinnu pvi ég fae ekki vinnu vid hafi
[] Annad, hvad

C3. Purftir pti ad skipta um husn=di eftir heilaslagio vegna adgengis ?
[ nei
Ojé
C4. Hvernig er adgengi fyrir pig ad heimili pinu i dag? Merktu vid pad sem isir best adstadum d
beimili pinu.
[] Gott, parf ekki ad fara stiga
[ Gott, parf ad fara stiga og kemst audveldlega milli hada
[] Ekki gott, parf ad fara stiga og 4 erfitt med ad fara 4 milli hazda

C5. Hvernig var ferdamati pinn adur en pu fékkst heilaslagr Merktu vid allt sem vid d.
] Eg 6k bil
[l Eg notadi stret6/almenningssamgongur/leigubil
[] Eg notadi Ferdapjonustu fatladra

[] Eg var hadur 60rum en Ferdapjénustu fatladra med ferdir

Co6. Hvernig er ferdamati pinn i dag ? Merktu vid allt sem vid d.

[JEg ek bil

[l Eg nota streetd/almenningssamgongur/leigubil

| Eg nota Ferdapjonustu fatladra

[] Eg er hadur 6drum en Ferdapjonustu fatladra med ferdir

L 5 LT



[ L

C7. Notar pa hjalpartaeki? Merktu vid allt sem vid d.

[ nei, ég nota engin hjalpartaeki
[ja

Innanhuss Utanhuss

Staf eda hakjur ] ]
Gongugrind ] ]
Handkndinn hjélastol ] ]
Rafmagnshjolastol ] ]
Rafskutlu ] L]

O O

Onnur hjalparteki vid athafnir daglegs lifs
(t.d. sokkaifaeru, griptong eda salernisupphakkun)

C8. Ertu med 6ryggishnapp t.d. fra Securitas eda Oryggismidst6dinni?

[ nei
[dja

C9. Hér er spurt um adgengi pitt og notkun a snjallteekjum. Merksu vid allt sem vid .

snjallsima  spjaldtélvu  bordtolvu/
fartSlvu
Eig 4 eda hef adgengi ad ... [l [l [l
Eig nota reglulega ... ] O O

Hvernig / til hvers notar pu pessi snjallteki?

snjallsima  spjaldtélvu  bordtdlvu/
fartSlvu
Eg tel 20 a0 pessi teki geti nyst  [] [l [l

mér til pjalfunar heimavio.

Hvernig telur pt ad pessi snjalltaki gaetu nyst pér til pjalfunar?

L 6 -



[ 1
D. bjénusta og hreyfing

D1. Foérstu a stofnun til endurhaefingar eftir heilaslagio (t.d. Grensas, Landakot, Reykjalund
eda Kristnes) ?

[ nei

174, strax eftir sjtikrahtsdvél

[174, en f6r heim 1 millitidinni

Hvad leid langur timi par til pu f6érst { endurhafingu (I dégum, vikum eda manudum)?

Hvert forstu { endurhafingu?

Hvad dvaldir pu lengi par ({ vikum eda manudum)?

D2. Hvada pjonustu fékkstu strax eftir atskrift af sjukrahusi eda endurhafingarstofnun?
Merktn vid allt sem vid d.

[ sjakrapjalfun

[]idjupjalfun

[] talpjalfun

[] gongudeildarpjénustu hjikrunarfraedinga

[] heimahjikrun (t.d. 2dstod vid lyf, adstod vid klednad eda bédun)
[] heimapjénustu sveitarfélags (t.d. prif eda heimsendan mat)

[] dagpjonustu (t.d. hia Sialfsbicrg eda 4 6ldrunarheimilum)
[] annad, hvad?

L 7 (T
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D3. Hvada pjonustu hefur pui fengid sidastlidinn manud og i hverju hefur han falist? Merksu

20 allt sem vid d og svaradn videigandi spurningum.
[0 sjakrapjalfun  hversu oft { viku?

i hverju felst pjalfunin?

[] idjupjalfun  hversu oft { viku?

{ hverju felst pjalfunin?

[] talpjalfun hversu oft { viku?

i hverju felst pjalfunin?

[l goéngudeildarpjonusta hjikrunarfredinga

i hverju felst pjonustan?

hversu oft { viku?

[] heimahjukrun  hversu oft { viku?

i hverju felst pjénustan?

[] heimapjénusta sveitarfélags hversu oft { viku?

i hverju felst pjonustan?

[0 dagpjonustu hversu oft i viku?

(t.d byd Sjalfsbjorgu eda a dldrunarstofnunnm)

i hverju felst pjénustan?

8
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D4. Uppfyllir su pjénusta sem pu hefur fengio sidastlidinn manud parfir pinar?

Ldja
[ nei

Hvernig myndir pu vilja beta/breyta pjénustunnir

Annad sem pu vilt taka fram um pjénustu:

D5. Hefur pu gengid i a0 minnsta kosti 10 minutur samfellt einhvern daginn 4 sidustu sjo
dégum?

[ nei

Cia Hversu marga daga af sidustu sj6 dégum varstu 4
gbngu { ad minnsta kosti 10 mindatur samfellt?

Hvad gekkstu lengi { hvert sinn ad jafnadi ?

Do6. Hvad situr pu lengi 4 hverjum degi ad jafnadi? Midadu vid sidustn sjo daga.

D7. Stundar pu reglulega likamsraekt eda efingar? Merktu vid allt sem vid a.

nei

[l

Hyversu oft i viku?

ja, a likamsraktarst6d

ja, 1 skipulagdri héppjalfun t.d. 4
sjukrapjalfunarst60, HL-st60 eda félagsmidst6d

ja, ég fer i sundleikfimi og/eda syndi

ja, ég geri afingar heima

O O o o o

ja, annad, hvad?
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D8. Hvers vegna gerir pu afingar eda ekki? Okkur leikur hugur 4 ad vita hvad liggur ad baki
akvordun einstaklinga um ad gera afingar eda ekki. Merktu vid télustaf (0-4) sem Iysir best

hvernig eftirfarandi stadhafingar eiga vio pig

Eg geri fingar af pvi ad adrir segja ad ég eigi ad
gera par

Eg fa samviskubit pegar ég geri ekki afingar

Eg met gagnsemi eda avinning afinga

Eg geri @fingar af pvi 20 pad er gaman

Fg sé ekki astzedu til 20 gera efingar

Eg geri efingar af pvi 20 vinir/fjolskylda segja ad
ég eigi a0 gera par

Eg skammast min pegar ég geri ekki efingar

Pad er mikilvaegt fyrir mig ad gera xfingar
reglulega

Eg skil ekki af hverju ég xtti a0 gera =fingar

Eg njt pess ad gera afingar

Eg geri efingar af pvi a0 adrir verda 6anagdir
med mig ef ég geri par ekki

Eg sé ekki tilgang med zfingum

Mér finnst ég hafa brugoist ef ég geri ekki fingar
i nokkurn tima

Eg tel mikilvaegt 20 leggja mig fram vid ad gera
afingar reglulega

Mér finnst skemmtilegt a0 gera zfingar
Eg finn fyrir prystingi frd vinum/fjolskyldu ad
gera afingar

Eg verd eirdarlaus ef ég geri ekki afingar
reglulega
Eg finn fyrir gledi og anaegju vid ad gera efingar

Mér finnst pad timaeydsla ad gera @fingar

10

A ekki
vio mig

S O o O

A stundum A miog vel
vid mig vid mig
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
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M=listika a ahrif heilaslags

Tilgangur spurningalistans er ad meta hvernig heilaslagid hefur haft ahrif 4
heilsu pina og lif. Okkur langar ad fa ad vita hvernig heilaslagio hefur haft
ahrif 4 pig, t fra PINU SJONARHORNI. Eftirfarandi spurningar eru
um skerdingu og fétlun sem heilaslagid hefur mégulega valdid, og einnig
um hvernig heilaslagio hefur haft ahrif 4 lifsgaedi pin. Ad lokum, viljum
vid bidja pig a0 meta hversu mikinn bata pér finnst pt hafa fengid eftir
heilaslagid.

Spurningar 1-8 fela { sér nokkra 1idi hver, par sem bodid er upp 4 fimm
svarmoguleika. Merktu vid télustaf (1-5) til ad svara. T spurningu 9 er
kvardinn 0-100 og par merkir pu 4 kvardann svar pitt.

© dr. Pamela Duncan og félagar, University of Kansas, Medical Center. Umsjon meg islenskri pydingu 2017:
Sif Gylfadottir, sjukrapjélfari MSc, Reykjalundi, netfang: sifg@reykjalundur.is. Pyt med leyfi héfundar.
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1. Eftirfarandi spurningar eru um likamleg vandamal sem hafa mégulega komid upp vegna
heilaslagsins. Spurningarnar eiga vid sidastliona viku.

Fremur
Hvernig myndir bt meta kraft pinn i ... Mikill mikill Midlungs Litill Enginn
kraftur kraftur  kraftur  kraftur kraftur

a. handleggnum sem vard fyrir weiri dhrifum

heilaslagsins? 5[] +[] 3] 2] 1]

b. gripi peirrar handar sem vard fyrir weiri 5[] 4[] 5[] 2[] 1]

abrifum heilaslagsins?

c. foétleggnum sem vard fyrir meiri dbhrifum 5[] 4] 50] 2] 1]
heilaslagsins?
d. fetinum/ékklanum sem vard fyrir meiri 5[] 4[] 5[] 2] 1]

dabrifum heilaslagsins?

[\

. Eftirfarandi spurningar eru um minni og hugsun. Spurningarnar eiga vid sidastliona viku.

Hyversu etfitt fannst pér ad ... Ekki ~ Svolitid Midlungs Fremur  Afar
erfitt erfitt erfitt erfitt erfitt
a. muna pad sem folk var nybuid ad segja pér? 5[] 4 3] 2] 1]
b. muna pad sem gerdist daginn 4dur? 5[] 4[] 3] 2[] 1]
c. muna ad leysa fyrithugud verkefni (t.d. ad . 9 5 ) |
meata 4 réttum tima eda ad taka lyfin)? s L] 3L L] L]
d. muna hvada dagur vikunnar er? 5[] 4[] 5[] 2[] 10

e. cinbeita pér? 5[] 4 5[] 2[] 1]
f. hugsa hratt? 5[] 4[] 3] 2 1]
g. leysa dagleg vandamal? 5[] 4[] 3] 2] 1]
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3. Eftirfarandi spurningar eru um lidan pina, breytingar 4 skapi pinu og getu pina til ad
stjorna tilfinningum pinum eftir heilaslagid. Spurningarnar eiga vid sidastliona viku.

Aldrei Einstékum Stundum Oft Alltaf

Hversu oft ... sinhum

a. fannst pér pu vera dopur/dapur? 5[] 4[] 3] 2[] 1[]
b. fannst pér eins og enginn stzdi pér narti? 5[] 4[] 3] 2[] 1]
c. fannst pér pu vera byrdi 4 60rum? 5[] 4[] 3 2] 1]
d. fannst pér pi ekki hafa neitt til ad hlakka til? 5[] 4[] 3] 2] 1]
e. alasadir pér pig fyrir mistdk sem pua gerdir? 5[] 4[] 3] 2[] 1]
f. naustu lifsins eins og 4dur? 5[] 4[] 3] 2] 1]
g. fannstu fyrir taugaspennu? 5[] 4[] 3] 2] 1]
h. fannst pér lifid hafa tilgang? 5[] 4[] 3] 2[] 1]
i. brostir pi og hlést a.m.k. einu sinni 4 dag? 5[] 4[] 3] 2[] 1]

4. Eftirfarandi pettir eru um getu pina til ad hafa samskipti vid f6lk og getu pina til ad skilja
pad sem pu lest og heyrir i samtali. Spurningarnar eiga vid sidastliona viku.

Hversu erfitt fannst pér ad ... Ekki Svolitid Midlungs Fremur Afar

erfitt erfitt erfitt erfitt erfitt

a. segja nafn pess sem var auglitis til auglitis vid . / P P q
=] O O O -0 O
b. skilja pad sem sagt var vid pig? 5[] 4[] 3] 2[] 1]

c. svara spurningum? 5 4[] 3] 2[] 1]
d. nefna hluti réttu nafni? 5[] 4[] 3] 2[] 1]

e. taka pitt { samredum { hopi folks? 5] 4[] 3] 2[] 1]
f. ciga samtal { sima? 5[] 4[] 3] 2] 1]
g. hringja { annan einstakling (par med tali® ad s e 5] 2] in

finna rétt simanumer og velja nimerid)?
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5. Eftirfarandi spurningar varda athafnir sem pu framkvamir mégulega 4 hverjum degi.
Spurningarnar eiga vio sidastlidnar tvzer vikur.

Hversu erfitt fannst pér ad ... Ekki Svolitid Midlungs Fremur Gat alls

erfitt erfitt erfitt erfitt  ekki gert
a. matast med hnif og gaffli (m.a. ad skera
matinn)? gu +0 gu 2[] gu
b. kleda pig ad ofan (frd mitti og upp ur)? s 4+ 3] 2] 1]

c. bada pig? 5[] 4[] 3] 2[] 1[]
d. klippa taneglurnar? 5[] 4[] 3] 2] 1]

e. komast timanlega 4 klosett? 5[] 4[] 3] 2] 1]
f. stjérna pvaglatum (slysalaust)? 5[] 4[] 5[] 2[] 1]
stjérna hagdum (slysalaust)? 5[] 4 3] 2[] 1]
h. sinna léttum heimilisstérfum (t.d. purrka af,
bua um rimid, fara ut med ruslid eda vaska 5] 4 3] 2] 1]
upp)?
i faraibudir? 5[] 4 5[] 2[] 1]
j- sinna erfidum heimilisstorfum (t.d. ryksuga, [] 4 3] 2] 0

pvo pvott eda vinna { gardinum)?

6. Eftirfarandi spurningar varda getu pina i a0 komast um heima hja pér og uti i
samfélaginu. Spurningarnar eiga vid sidastlionar tvzr vikur.

Hversu erfitt fannst pér 2o ... Ekki Svolitid Midlungs Fremur Gat alls

erfitt erfitt erfitt erfitt  ekki gert
a. sitja 4n pess a0 missa jafnvagid? 5[] 4 3] 2] 1]
b. standa 4n pess ad missa jafnvagid? 5[] 4+ 3] 2[] 1]
c. ganga an pess ad missa jafnvegio? 5[] 4[] 3 2[] 1]
d. flytja pig ar rami yfir { stol? 5[] 4[] 5[] 2[] 1]
e. ganga um { hverfinu (u.p.b. 200 metra)? 5[] 4[] 3] 2[] 1]
f. ganga hratt? 5[] 4[] 3] 2] 1]
g. ganga milli hada upp einn stiga? 5[] 4[] 3] 2[] 1]
h. ganga upp nokkrar hedir { stiga? 5[] 4[] 3] 2[] 1]

i. farainn{og utur bil? 5[] 4[] 3] 2[] 1]
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7. Eftirfarandi spurningar eru um getu pina til ad nota hendina sem hefur ordid meira fyrir
ahrifum heilaslagsins. Spurningarnar eiga vid sidastlionar tvzer vikur.

Hversu erfitt fannst pér ad nota hendina, Ekki Svolitid Midlungs Fremur Gat alls
sem vard fyrir meiri ahrifum heilaslagsins, erfitt erfitt erfitt erfitt  ekki gert
pegar pu ...
a. barst punga hluti (t.d. fullan innkaupapoka

med mat)? g +0 g 2] g

b. snérir hurdarhini? 5 4[] 3] 2] 1]

c. opnadit nidursududds eda krukku? 5[] 4[] 3[] 2] 1]
d. reimadir ské? 5 4 3] 2] 1]
e. tokst litinn hlut upp af golfinu (t.d. smamynt)? 5[] 4[] 3] 2[] 1]

8. Eftirfarandi spurningar eru um hvernig heilaslagid hefur mégulega haft ahrif 4 getu pina
til patttéku i venjubundnum athéfnum, verkum sem eru pydingarmikil fyrir pig og hjalpa
pér i ad finna tilgang med lifinu. Spurningarnar eiga vid sidastlionar fjorar vikur.

Hversu oft hefur geta pin takmarkad Aldrei Einstokum Stundum  Oftast Alltaf
patttéku pina ... sinnum
a. 1vinnu pinni (launadri vinnu, sjdlfbodavinnu ¢ ] 4[] 5[] 2] 1]

eda annarti vinnu?

b. { félagslegti vitkni? s 4 3] 2 1]

c. ipogulli afpreyingu (t.d. handavinnu eda lestri)? 5[] 4[] 3] 2] 1]

d. {vitkei/likamlegti afpreyingu (t.d. ipréttum, 5[] 4[] 3[] 2[] 1]
utivist eda ferdalégum)?

e. 1hlutverki pinu sem fj6lskyldumedlimur B 4 3 5 |
eda vinur? N U . U U

f. i{menningarvidburdum (t.d. a0 fara { leikhts 4 3 5 1
eda a s6fn) ? U U U N N

g. vid ad stj6rna lifi pinu eins og pu vilt? 5[] 4[] 3] 2] 1]

h. vid ad hjilpa 6drum? 5[] 4[] 3] 2 1]
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9. Bati eftir heilaslag.

A kvardanum 0 til 100, par sem 100 stendur fyrir fullan bata og 0 stendur fyrir engan bata,
hversu mikinn bata hefur pu fengid eftir heilaslagid? Merktu svar pitt 4 kvardann.

_ 100 Fullur bati

0  Enginn bati

16
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Forprofun — februar 2107

ActivABLES fyrir einstaklinga eftir heilaslag og nanustu

adstandendur peirra - rannsokn da proun og mati a notkunargildi

Viotalsrammi
adstandendur einstaklings med heilabloofall

Spurningar:

Gerir maki/einstaklingur cefingar heima ?

Gerir maki/einstaklingur med heilablodfall cefingar sjalfur (an pess ad hann sé
hvattur til pess)?

3. Hveturdu maka/einstakling med heilablodfall til ad gera cefingar?

Hjadlpardou maka/einstakling med heilablodfall til ad gera cefingar?
a. Ef pu gerir pad — hvernig? Geturdu lyst pvi nanar?
b. Ef pu gerir pad ekki — hvers vegna? Geturdu lyst pvi nanar?

Hvada cefingar finnst honum/henni (maka/einstakling med heilablodfall) gaman ad
gera?

Hvada cefingar finnst honum/henni erfitt ad gera eda gerir hann/hun ekki?
a. Veistu hvers vegna hann/hun gerir ekki cefingar?
b. Hvad myndi hjdalpa pér?

Sérdu fyrir pér ad pessi teeki geetu nyst honum/henni til cefingar heima vid?
a. Af hverju?
b. Af hverju ekki?

8. Attadir pii pig & pvi hvad hann/hin dtti ad gera med teekjunum?
9. Heldur pui ad honum/henni hafi pott petta skemmtilegt/leidinleg?

10.
11.

12.

Heldur pu ad honum/henni hafi pott petta of erfitt/of audvelt?
Heldur pu ad pessi teeki séu hvetjandi eda letjandi til ad gera cefingar?
a. Af hverju / Hvernig pa?

Hvernig veeri heegt ad beeta pessi teeki?- Sérdu eitthvad sem mcetti fara betur eda vera
00ruvisi?

HASKOLI {SLANDS



Questions:

1
2
3.
4

8.
9.

Does your spouse/relative exercise at home
Does your spouse/relative exercise by him/herself (without encouragement?)
Do you encourage your spouse/relative to exercise?
Do you help your spouse/relative to exercise?
a. Ifyoudo, how? Can you describe?
b. Ifyou don’t, why not? — Can you describe?
What kind of exercises does your spouse/relative like to do?
What kind of exercises does he/she feel like are difficult to do or doesn 't do at all?
a. Do you know why he/she doesn’t do the exercises?
b. What would help you?
Do you think these tools could benefit for you spouse/relative to do exercises?
a. Why?
b. Why not?
Did you realize what your spouse/relative was supposed to do while using the tools?

Do you think your spouse/relative liked to these exercises ?

10. Do you think it was too easy/too difficult for your spouse/relative?

11. Do you think these tools could motivate (or not) your spouse/relative to do exercises?

a. Why and how?

12. How can we improve these tools? Do you see something we should do differently?
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ActivABLES fyrir einstaklinga eftir heilaslag og nanustu
adstandendur peirra - rannsokn a proun og mati a notkunargildi

Vidtalsrammi
adstandendur einstaklings med heilabloofall

Spurningar:

Gerir maki/einstaklingur cefingar heima ?

2. Gerir maki/einstaklingur med heilablodfall cefingar sjalfur (an pess ad hann sé
hvattur til pess)?

3. Hveturdu maka/einstakling med heilablodfall til ad gera cefingar?
4. Hjalpardu maka/einstakling med heilablodfall til ad gera cefingar?
a. Ef pu gerir pad — hvernig? Geturdu lyst pvi nanar?
b. Ef pu gerir pad ekki — hvers vegna? Geturdu lyst pvi nanar?

5. Hvada cefingar finnst honum/henni (maka/einstakling med heilablodfall) gaman ad
gera?

6. Hvada cefingar finnst honum/henni erfitt ad gera eda gerir hann/hun ekki?
a. Veistu hvers vegna hann/hun gerir ekki cefingar?
b. Hvad myndi hjdlpa pér?

7. Sérdu fyrir pér ad pessi teeki geetu nyst honum/henni til cefingar heima vio?
a. Af hverju?
b. Af hverju ekki?

8. Attadir pii pig d pvi hvad hann/him atti ad gera med teekjunum?

9. Heldur pu ad honum/henni hafi pott petta skemmtilegt/leidinleg?

10. Heldur pu ad honum/henni hafi pott petta of erfitt/of audvelt?

11. Heldur pu ad pessi teeki séu hvetjandi eda letjandi til ad gera cefingar?
a. Af hverju / Hvernig pa?

12. Hvernig veeri heegt ad beeta pessi teeki?- Sérdu eitthvad sem meetti fara betur eda vera
60ruvisi?



Questions:

1
2.
3.
4

8.
9.

Does your spouse/relative exercise at home
Does your spouse/relative exercise by him/herself (without encouragement?)
Do you encourage your spouse/relative to exercise?
Do you help your spouse/relative to exercise?
a. Ifyou do, how? Can you describe?
b. Ifyou don't, why not? — Can you describe?
What kind of exercises does your spouse/relative like to do?
What kind of exercises does he/she feel like are difficult to do or doesn 't do at all?
a. Do you know why he/she doesn 't do the exercises?
b. What would help you?
Do you think these tools could benefit for you spouse/relative to do exercises?
a. Why?
b. Why not?
Did you realize what your spouse/relative was supposed to do while using the tools?

Do you think your spouse/relative liked to these exercises ?

10. Do you think it was too easy/too difficult for your spouse/relative?

11. Do you think these tools could motivate (or not) your spouse/relative to do exercises?

a. Why and how?

12. How can we improve these tools? Do you see something we should do differently?
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HASKOLI ISLANDS

mars 2018
Kynning a rannsokninni

,ActivABLES fyrir einstaklinga eftir heilaslag og nanustu adstandendur peirra.

¢

Rannsokn a notkunargildi og moguleikum i pjalfun i heimahusum. *

Keeri viotakandi

Undanfarin tvé ar hefur farid fram préun 4 ActivABLES-endurhafingartekjum fyrir
einstaklinga med afleidingar heilaslags. Um er ad reda samnorrent verkefni, sem
einstaklingar med afleidingar heilaslags, adstandendur og fagfolk a Islandi, i Svipjod og
Finnlandi hafa unnid ad. Nu er proun 4 lokastigi og timabert ad gera rannsokn 4 pvi hvernig
endurhafingartakin nytast einstaklingum eftir heilaslag sem bua i heimahtisum. Adur hefur
farid fram stutt forprofun & endurhaefingarteekjunum medan 4 prounarferlinu st6o.

Einstaklingar med afleidingar heilaslags geta glimt vid margs konar vandamal sem m.a. felast
i minni hreyfifeerni og sjalfsbjargargetu. Endurheefing, sem felur i sér sértackar afingar og
likamspjalfun, eykur getu einstaklingsins og almenn lifsgaedi og talid er ad endurhafing eftir
heilaslag sé oft a tidum avilangt ferli. Eftir utskrift af endurhafingarstofnun eiga
einstaklingar sem hafa fengid heilaslag gjarnan erfitt med ad halda afram ad gera efingar og
vidhalda likamlegri virkni og dhuga 4 pjalfun. Maki eda annar adstandandi hafa oft miklu
hlutverki ad gegna vid ad hvetja viokomandi til ad na géodum arangri vid efingar sem skilar
sér 1 aukinni hreyfifeerni og sjalfsbjargargetu.

bessi hluti rannsoknar okkar beinist ad notkun ActivABLES-endurhefingartaekjanna og
verdur einstaklingum med afleidingar heilaslags og bua i heimahisum bodin patttaka
asamt einum adstandanda. Skilyroi fyrir patttoku einstaklings med afleidingar heilaslags er
a0 hann hafi minnkada hreyfigetu og geti tjad sig. Skilyrdi fyrir patttoku maka/adstandanda er
a0 hann hafi ekki skerta hreyfifaerni.

Ef pi hefur ahuga 4 patttoku, feerou petta upplysingabréf um hvad patttaka felur i sér.

Markmid rannsdknarinnar er ad kanna notkunargildi og moguleika endurhafingartaekjanna til
pjalfunar i heimahGisum (med studningi adstandenda) med pad ad markmidi ad auka
likamlega virkni, hreyfiferni og sjalfsbjargargetu einstaklinga med afleidingar heilablodfalls.
Zndurhzfingarteekin mida ad pjalfun 4 jafnvaegi og hreyfiferni i efri Gtlimum en einnig er
peim &tlad er ad vera hvetjandi til meiri likamlegrar virkni. Patttaka felur i sér ad
einstaklingar med afleidingar heilaslags taka batt i fjogurra vikna bjalfun med
endurhefingarteekjunum med adstod adstandanda. Pegar pjalfunartimabilinu eru lokid verda
tekin einstaklingsvidtol um gildi ActivABLES-tekjanna og moguleika peirra til frekari
brounar. bekking og reynsla patttakenda mun hjéalpa okkur vid aframhaldandi préun tekjanna
sem sidan vonandi leidir til baettrar endurhaefingar einstaklinga eftir heilaslag.
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Ef pu ert einstaklingur med afleidingar eftir heilaslag, felst patttaka pin i pvi ad pu
sampykkir:
a) ao patt i préfum & hreyfifeerni og svara spurningalistum um heilsufarslegt astand pitt
og ahugahvot til hreyfingar,
b) ad nota ActivABLES-takin i fjorar vikur, a.m.k. 30 min daglega fimm sinnum i viku,
¢) ad ganga med hreyfimeli sem melir hreyfingu pina prisvar sinnum, i eina viku i senn
(viku adur en pjalfunin hefst, i viku & medan 4 pjalfuninni stendur og i viku ad lokinni
pjalfun),
d) ad taka patt i einstaklingsvidtali ad loknu pjalfunartimabili.

Ef pui ert adstandandi, felst patttaka pin i pvi ad pi sampykkir:
a) ad adstoda vid notkun ActivABLES-taekjanna i fjorar vikur,
b) ad skra nidur notkun a endurhafingartaekjunum og upplifun ykkar af notkun 4 peirra &
sérsnidin dagbokarform,
c) ad taka patt i einstaklingsvidtali ad loknu pjalfunartimabili.

Nanari lysing 4 patttoku

Undirritadar, Steinunn ~ A.  Olafsdottir  sjikrapjalfari  og Ingibjorg  Bjartmarz
hjokrunarfraedingur, munu hafa samband vid pig simleidis og veita pér frekari upplysingar
um verkefnid. Ef pu hefur dhuga 4 patttoku verdur dkvedinn timi fyrir fyrstu heimsokn. Allir
pettir rannsoknarinnar fara fram 4 heimili pinu og ma gera rao fyrir ad rannséknin
taki um sex vikur med melingunum sem framkvemdar verda fyrir og eftir
pjalfunartimabilio.

1. 1 fyrstu heimsokn koma Ingibjorg og Steinunn og fara yfir formsatridi og segja fra
ActivABLES-tekjunum. Steinunn mun framkvaema melingar 4 jafnvaegi, gongugetu
og faerni i efri utlimum en auk pess faerd pu athenta prja spurningalista um ahrif
heilaslagsins 4 lif pitt, 6ryggi i tengslum vid jafnveegi og ahrifahvot til efinga. bu
feerd einnig hreyfimaeli sem festur er & leeri pitt sem pu ert bedinn um ad hafa { eina
viku. Aztladur timi fyrir pessa heimsokn er um 60-90 minitur.

2. Um Dad bil viku sidar koma Ingibjorg og Steinunn & nyjan leik og pa med tvo erlenda
rannsakendur (fra Svipjod og Finnlandi) sem hafa verid ad vinna ad proéun
endurhafingartekjanna. Farid verdur itarlega yfir pau endurhefingarteki sem pu
munt nota til pjalfunar naestu fjérar vikurnar og utskyrt til hvers er @tlad af pér og
adstandanda pinum 4 medan pjalfunartimabilid stendur yfir. Atladur timi
heimsoknarinnar er um 90 minutur.

3. Um midbik pjalfunartimabilsins mun rannsakandi hafa samband vi0 pig og koma med
hreyfimeeli sem pu parft ad hafa 4 60ru leerinu i eina viku. Hreyfimelirinn verdur
sottur ad viku lidinni. Aztladur timi fyrir 4setningu melisins er um 15 minutur.

4. begar notkun & endurhafingartekjunum hefur stadid yfir i fjérar vikur, koma
Steinunn og Ingibjorg til ad sxkja endurhafingartekin og framkvema somu
fernimaelingar og i fyrstu heimsokn. Einnig verda athentir sému spuringalistar og
hreyfimelir til ad hafa 4 lzri i eina viku. Aztladur timi fyrir pessar heimsokn er um
60-90 minutur.



5. Eftir pjalfunartimabilid munu rannsakendur taka vidtdl vid pig og adstandanda pinn i
sitt hvoru lagi. Vidtolin munu beinast ad upplifun ykkar 4 notkun
endurhafingartekjanna og verdur 10gd ahersla hvernig ykkur fannst ganga, hvada
pettir virka hvetjandi fyrir hreyfingu og hvad metti bata eda vera 6druvisi. Vid
viljum bidja ykkur um ad vera 6feimin vid ad segja hvad ykkur finnst og hvad maetti
betur fara. Vidtolin verda hljooritud og er aztladur timi fyrir vidtolin um 45-60
minutur.

6. AOd viku lokinni, mun rannsakandi koma og saekja hreyfimalinn og spurningalistana.

Hvener sem er a rannsoknartimabilinum verdur haegt ad hafa samband vid rannsakendur i
sima og/eda tolvuposti. Rannsakendur munu einnig hringja i pig 4 timabilinu til ad kanna
hvort einhver vandamal hafi komid upp. Takjabinadurinn er frekar hrar par sem taekin eru a
frumstigi og pvi er mikilvaegt ad medhondla pau samkveemt leidbeiningum.

Vid framkvamd pessarar rannsoknar verdur ad gaeta pess ad fylgja fyrirmalum og taka tillit
til heilsu pinnar t.d. ef pu er slappur/slopp eda veikist 4 timabilinu. Ef pu preytist er sjalfsagt
a0 gera hlé og halda afram pegar pui treystir pér til en mikilveegt er ad skra pad i dagbdkina.

Pagnarskylda
Nafnleynd er heitid og trinadar verdur gaett pannig ad hvorki nafn pitt eda adstandanda, né

onnur persénuaudkenni munu koma fram i nidurstddum eda umfjéllun um peer, par med talid
erindum og timaritsgreinum. Allar personurekjanlegar upplysingar verda dulk6dadar og
greiningarlykilinn geymdur &4 6ruggum stad. Einungis rannsakendur hafa adgang ad peim
upplysingum sem skradar verda og peim er oheimilt ad nota upplysingarnar til annars en
tilgangur rannsoknarinnar segir til um. Ollum rannsdknargégnum verdur eytt ad lokinni
urvinnslu, par med talid upptokum ur vidtolunum. bvi verdur ekki hagt ad rekja nidurstodur
til a&kvedinna einstaklinga.

batttaka i rannsokninni hefur hverfandi aheettu i for med sér. bér ber engin skylda til a0 taka
patt 1 pessari rannsokn. Pu getur hatt patttoku hvenaer sem er an eftirméla og an ahrifa 4 pa
heilbrigdispjonustu sem pu ferd. Persénulegur avinningur getur hlotist af betri likamlegri
lidan, mogulega faerni, en pjalfunartimabilid er einungis fjorar vikur pannig ad pad er oliklegt
a0 meirihattar framfarir verdi i feerni og hreyfigetu. Hins vegar eru likur &4 pvi ad aukin
pekking faist um gildi endurheefingartekjanna til notkunar i heimahusum hja einstaklingum
eftir heilaslag.

Rannsoknin hefur hlotid sampykki Visindasidanefndar og verid tilkynnt til Persénuverndar.
Ekki verdur greitt fyrir patttoku i rannsoékninni.

Med fyrirfram pakklzeti.

Fyrir hond rannséknarhépsins

Steinunn A. Olafsdottir Ingibjorg Bjartmarz

sjukrapjalfari og doktorsnemi hjikrunarfreedingur og rannsakandi
simi 849 4733 simi 896 2201

netfang sao9@hi.is netfang ingibjar@landspitali.is




Abyrgdarmadur rannsoknar er:
Dr. Helga Jonsdottir, professor

Netfang: helgaj@hi.is

Adrir rannsakendur

Dr. Ingibjorg Hjaltadottir adjunkt og sérfraedingur i hjukrun, netfang ingihj@hi.is
Dr. Sélveig Asa Arnadottir désent og sérfraedingur i sjukrapjalfun netfang saa@hi.is
Dr. Péra B. Hafsteinsdottir professor, netfang t.hafsteinsdottir@umcutrecht.nl

Ef pu hefur spurningar um rétt pinn sem patttakandi i pessari visindarannsokn eda vilt heetta patttoku
I rannsokninni getur pu snuio pér til rannsakenda eda Visindasioanefndar, Borgartuni 21- 4. hced,
105 Reykjavik; Simi: +354 5517100, tolvupostur: vsn@vsn.is.



(&) ActivABLES

HASKOLI ISLANDS

Upplyst sampykki fyrir patttoku i rannsokninni

,, ActivABLES fyrir einstaklinga med afleidingar heilaslags
og nanustu adstandendur peirra.
Rannsokn a notkunargildi og méguleikum i pjalfun | heimahvsum.

¢

Kynningarbréf og upplyst sampykki fyrir pessari rannsokn, er beinist ad proun ActivABLES-
endurhcefingartekjanna, eru i tviriti og patttakandi mun halda eftir eintaki af hvoru tveggja.
Kynningarbréf er jafnframt hluti upplysts sampykkis.

Meér hefur verid kynntur tilgangur pessarar visindarannsoknar og | hverju patttaka min er
folgin. Eg stadfesti hér med undirskrift minni ad ég hef lesid upplysingarnar um rannséknina
sem mér voru afhentar. Eg hef fengid teekifeeri til ad spyrja spurninga um rannséknina og
fengid fullneegjandi svor og utskyringar d atrioum sem mér voru oljés. Eg hef af fiisum og
frjalsum vilja dkvedid ad taka patt | rannsokninni. Mér er ljost, ad po ég hafi skrifad undir
Dpessa samstarfsyfirlysingu, get ég stédvad patttoku mina hvencer sem er an utskyringa og dn
dhrifa a pa heilbrigdispjonustu sem ég a rétt da i framtidinni.

Meér er [jost ad rannséknargognum verdur eytt ad rannsokn lokinni og eigi sidar en fimm
drum eftir urvinnslu rannsoknargagna.

Eg sampykki patttoku.

Dagsetning:

batttakandi (nafn og kennitala)

Rannsakandi

Ef pu hefur spurningar um rétt pinn sem patttakandi [ pessari visindarannsokn eda vilt heetta patttoku
1 rannsokninni getur pu snuid peér til rannsakenda eda Visindasioanefndar, Borgartuni 21- 4. heed,
105 Reykjavik; Simi: +354 5517100, télvupostur: vsn@vsn.is.
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10.
11.
12.

13.

Profun a ActivABLES— vor 2108

Viotalsrammi — Slagpoli

Hvernig fannst pér ad taka patt i pessari rannsokn? Hvad varo til pess ad pu akvadst
ad taka patt i pessari rannsokn?

Gerdir pu cefingar adur?

a. Af hverju? (adrir segja ad ég eigi ad gera pcer, gaman, avinningur,
samviskubit?)

b. Af hverju ekki? (sé ekki astedu/tilgang, timaeydsla)

Hvernig finnst pér hafa gengio ad gera cefingar sidustu fjorar vikurnar (nota
dagbokina)?

Hefur pu ndad ad fylgja eftir cefingaprogrammi fram a sidasta dag? Minnkadi ahuginn
Dpegar leid a pjalfunartimann eda var alltaf jafn spennandi ad gera cefingarnar?

Fannst pér tekin/cefingarnar vera hvetjandi fyrir pig til ad halda dfram? Fannst pér
teekin/cefingarnar na ad auka ahuga pinn til ad gera cefingar?

Hvada cefingar/teeki kveiktu mestan ahuga hja pér?
a. Hvad var pad vid cefinguna/teeki sem kveikti ahugann?
b. Hef0i petta hofdad til pin fyrir heilaslagio?
Hvada cefingar/teeki fannst pér kveikja minnsta ahugann?
a. Hvad var pad vid cefinguna/teeki sem pér potti ospennandi?
Voru einhverjar cefingar/teeki sem pér fannst meira erfidara/léttara ad nota en onnur?
a. Hvad var pad vio cefinguna/teekio sem pér potti erfitt?
Hefur pu ordio var vid ad pu notir handlegginn 60ruvisi en adur?
Hefur pu ordid var vid breytingar a jafnveegi?
Hefur pii ordio var vid breytingar a gongugetu/uthaldi/?

Finnst pér hreyfimynstur/athafnir pinar hafa breyst a pessum fjorum vikum? Gerir pu
eitthvad dags daglega sem pu gerdir ekki mikio af adur en pu hofst ad nota teekin?

Lidur pér a einhvern hatt 6druvisi eftir ad hafa tekid patt i pessum cefingum? (verkir,
vanlidan)

HASKOLI ISLANDS



14. Sérdu fyrir pér ad pessi teeki geetu nyst peér til cefinga heima vio til frambudar?
a. Af hverju?
b. Af hverju ekki?

15. Sérdu fyrir per ad pessi teeki geetu nyst pér til cefinga heima vio? / sérdu tilgang med
notkun tekjanna i vidara samhengi pess a na meiri heilsu/viohalda heilsu ?

a. Hvernig pa?
b. Af hverju ekki?

16. Hvernig veeri heegt ad beeta pessi teeki?- Sérdu eitthvad sem meetti fara betur eda vera
60ruvisi?

17. Hvernig veeri heegt ad beeta pad hvernig vid hofum lagt upp med notkun d teekjunum?

bakka fyrir patttokuna

Er eitthvad sem pu vilt segja ad lokum?

HASKOLI ISLANDS



Profun a ActivABLES— vor 2108

Viotalsrammi
adstandendur einstaklings sem hefur fengio heilaslag

Hvernig hefur pér fundist adstandanda pinum ganga ad gera cefingar sidustu fjorar
vikurnar (nota dagbokina)?- fara yfir 61l teekin

. Hefur adstandandi pinn nad ad fylgja eftir cefingaprogrammi fram a sidasta dag?
Breyttist ahuginn pegar leid a pjalfunartimann? Hvernig?

Hvad getur pu sagt mér med dhuga adstanda pins a pvi ad gera eefingar med pessum
teekum? Purftir pu ad hvetja maka pinn til ad gera cefingar med teekjunum? Alltaf jafn
mikio? (nota dagbok)

burftir pu ad hjalpa adstandanda pinum til ad gera cefingar/nota teekin?
a. Ef pu gerir pad — hvernig? Geturdu lyst pvi nanar?
b. Ef pu gerir pad ekki — hvers vegna? Geturdu lyst pvi nanar?

¢. Nadi adstandandi pinn tokum a cefingunum/teekjunum eda purfti hann alltaf
aodstoo?

Voru einhverjar cefingar/teeki sem kveiktu meiri ahuga hja adstandanda pinum a ad
nota en onnur?

a. Hvad var pad vid cefinguna/teeki sem kveikti ahugann?

Voru einhverjar cefingar/teki sem adstandanda pinum fannst erfidara/léttara ad nota
en onnur?

a. Hvad var pad vid cefinguna/teekio sem honum potti erfitt?

. Finnst pér hreyfimynstur/athafnir adstandanda pins hafa breyst a undanférnum
vikum? Gerir hann eitthvad dags daglega sem hann gerdi ekki eda minna af adur?

a. Notar hann handlegginn 60ruvisi?
b. Skynjar pu breytingu a jafnveegi?
c. Gengur hann meira en adur? Fer ut?

Serdu fyrir pér ad pessi teeki geetu nyst honum/henni til cefingar heima vid til
frambudar?

a. Af hverju?- Hvernig?
b. Af hverju ekki?



9. Hver er heildarupplifun pin af notkun adstandanda pins a tekjunum?

10. Hvernig veeri heegt ad beeta pessi teeki?- Sérdu eitthvad sem meetti fara betur eda vera
60ruvisi?

11. Hvernig veeri heegt ad beeta pad hvernig vid héfum lagt upp med notkun a teekjunum?

bakka fyrir patttokuna

Er eitthvad sem pu vilt segja ad lokum?
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