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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 activitiesand expressed potential for future stroke survivors; (2) demand: reported use, interest in further useand
need for follow-up;(3) implementation: importance of feedback, variety of exercisesand progression of exercisesand (4)
practicality: need for supportand technical problems.The quantitative and qualitative findings converged well with each
other and supported the feasibility of ActivABLES.
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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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

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 (Table1): (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

Table 1 Prototypes of ActivABLES tested in the feasibility study
Description Purpose

ActivFOAM 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.

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

Walking STARR 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.

To motivate and provide feedback on
progress of walking.

ActivBALL 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.

To exercise the motor control of the
hand and forearm

ActivSTICKS 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.

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

ActivLAMP 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.

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

ActivTREE 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 motivate and provide feedback on
progress of exercises and walking.
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one exercise, and (6) ActivTREE 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:

� 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].

� Balance self-efficacy when performing activities
was measured with theActivities-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].

� General mobility was measured with theTimed-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].

� Functional lower limb muscle strength was
measured with theFive 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].

� Arm and hand function were measured with theBox
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].

Motivation to exercise was measured with theBehav-
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 0 (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 0� 44, 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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