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a systematic mixed studies review
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Abstract

Background: Technology is being increasingly investigated as an option to allow stroke survivors to exploit their full
potential for recovery by facilitating home-based upper limb practice. This review seeks to explore the factors that influ-
ence perseverance with technology-facilitated home-based upper limb practice after stroke.

Methods: A systematic mixed studies review with sequential exploratory synthesis was undertaken. Studies investigat-
ing adult stroke survivors with upper limb disability undertaking technology-facilitated home-based upper limb practice
administered > 3 times/week over a period of > 4 weeks were included. Qualitative outcomes were stroke survivors'

and family members’ perceptions of their experience utilising technology to facilitate home-based upper limb practice.
Quantitative outcomes were adherence and dropouts, as surrogate measures of perseverance. The Mixed Methods
Appraisal Tool was used to assess quality of included studies.

Results: Forty-two studies were included. Six studies were qualitative and of high quality; 28 studies were quantitative
and eight were mixed methods studies, all moderate to low quality. A conceptual framework of perseverance with three
stages was formed: (1) getting in the game; (2) sticking with it, and; (3) continuing or moving on. Conditions perceived to
influence perseverance, and factors mediating these conditions were identified at each stage. Adherence with pre-
scribed dose ranged from 13 to 140%. Participants were found to be less likely to adhere when prescribed sessions were
more frequent (6-7 days/week) or of longer duration (> 12 weeks).

Conclusion: From the mixed methods findings, we propose a framework for perseverance with technology-facilitated
home-based upper limb practice. The framework offers opportunities for clinicians and researchers to design strategies
targeting factors that influence perseverance with practice, in both the clinical prescription of practice and technology
design. To confirm the clinical utility of this framework, further research is required to explore perseverance and the fac-
tors influencing perseverance.

Registration: PROSPERO CRD42017072799—https://www.crd.york.ac.uk/prospero/display_record.php?RecordD=72799

Keywords: Home, Perseverance, Practice, Stroke, Technology, Upper limb

Introduction

Upper limb (UL) recovery after stroke is a long and often
arduous journey. High doses of task-specific therapy have
been suggested to enhance neuroplasticity, motor relearn-

+Correspondence: brideeneibling@myjcueduau _ ing and recovery [1, 2]. Yet, the specific dose and timing
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setting have been observed to complete on average 18 min
per day of UL therapy, which is considered insufficient for
functional recovery [4]. In turn, up to 65% of stroke survi-
vors have a non-functional UL six months after stroke [5];
extending their UL recovery journey beyond the inpatient
rehabilitation phase and into the home.

Upper limb home exercise programs (HEP) are commonly
provided to stroke survivors in an effort to increase practice
and enhance recovery [6]. Dose and content of UL HEP are
variable, ranging from a structured one-size-fits-all program,
to an individualised program specific to the needs and goals
of the stroke survivor [6]. Adherence to HEP after stroke
has been attributed to family support, confidence in thera-
pist knowledge and experience, and goal oriented practice
with an accountability strategy [7—9]. Non-adherence with
HEP after stroke has been attributed to fatigue, depression
and diminished motivation, musculoskeletal issues, and lack
of time due to competing commitments [8, 9]. Additionally,
some stroke survivors have found that traditional HEP are
not enjoyable, too difficult or insufficiently challenging, and
thus of minimal functional benefit [8—10]. Evidently, practic-
ing intensely in the home over a long period of time is chal-
lenging for stroke survivors. Therefore, options that enable
stroke survivors to continue with home-based practice in the
long term need to be considered.

Technology offers an increasing number of options to
facilitate independent, intensive and task-specific UL prac-
tice in the home [11]. Upper limb rehabilitation technol-
ogy typically allows stroke survivors to play motion-based
games on an interactive platform that offers feedback on
performance and results [11]. Practice is monitored and
progressed either in person or online by a therapist [11].
Some technologies also provide mechanical assistance to
make practice possible [11]. Unfortunately, adherence with
technology-facilitated practice is variable, and has been
reported to be lower than that of more traditional meth-
ods due to decreased task specificity and engagement
with the technology [6]. Recommendations for technology
design focus on engagement, including personalisation of
games and sufficient variability and challenge, as well as
user-friendliness and contextual applicability to the home
environment [11]. To date however, within efficacy stud-
ies of technology-facilitated interventions, there has been
limited exploration of how these design factors influence
stroke survivors’ ability to persevere with practice.

Perseverance is a dynamic behaviour that has been
defined as “persistence in doing something despite diffi-
culty or delay in achieving success” [12] and is known to
be influenced by multiple factors[13, 14]. Perseverance is
thought to play a vital role in disciplines where significant
amounts of practice over years are required to achieve
expert skill [14—16]. Accordingly, perseverance is required
by stroke survivors to recover UL skill through high dose
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practice, over a long period of time, to promote the neu-
roplasticity required for recovery [1, 2]. The added chal-
lenge for stroke survivors is that they must persevere in the
presence of physical and cognitive impairments, and inde-
pendently within their home environment. While technol-
ogy offers a unique opportunity to enhance independent
home-based UL practice, the factors that influence stroke
survivors’ ability to persevere with technology-facilitated
practice are yet to be explored in detail. Therefore, the
question to be answered in this systematic mixed studies
review was: What are the factors that influence persever-
ance with technology-facilitated home-based UL practice
after stroke?

Methods

A systematic mixed studies review with sequential explor-
atory synthesis was conducted [17, 18]. Mixed-methods
were used to gain a more thorough understanding of the
complex phenomenon of perseverance, and to corroborate
qualitative and quantitative findings to provide meaningful
and relevant evidence to use in both the prescription and
design of technology for rehabilitation [17, 18]. The review
was reported according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guideline [19]. Key definitions for this review are outlined
in Box 1.

Box 1. Key definitions
Perseverance—Persistence with UL practice despite dif-
ficulty or delay in achieving success[12]

Home—A stroke survivor’s place of residence; specifi-
cally excluding hospitals, residential aged care facilities,
assisted living units, transitional rehabilitation houses,
or residences custom built to trial technology (e.g.
Smart Apartments).

Technology—Any device incorporating a hardware sys-
tem and interactive software which responds to the
user’s actions by presenting content such as text, mov-
ing image, animation, video, audio, and video games
with the goal of promoting recovery[20]

Dose—Amount of practice expressed in time (minutes
or hours) or repetitions/session, sessions/day, days/
week, number of weeks.

Phase of recovery—Hyper-acute (0-24 h), acute
(1-7 days), early subacute (7 days—3 months), late suba-
cute (3—6 months), and chronic (>6 months)[21]
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Identification and selection of studies

Studies were identified through the information sources
outlined in Box 2. A search strategy combining MeSH
terms and keywords was developed by the research team
in consultation with an experienced librarian (Additional
file 1: Medline search strategy). Database searches were
performed on the 24th of March 2020.

Eligibility criteria, presented in Box 3, were defined a
priori. To determine the peer review status of a journal,
Ulrich's  Web  (http://ulrichsweb.serialssolutions.com/)
was consulted. We cross-checked all non peer-reviewed
journal outcomes with the journal website to confirm
exclusion. If more than one study utilised a single sample
and presented the same data, the most recent study was
included; however if unique data were presented, all stud-
ies were included. Two reviewers (BN, SJ) independently
screened titles, abstracts, and full texts. Disagreements
regarding eligibility were discussed and if not resolved
were mediated by a third reviewer (RB).

Box 2. Information sources
Databases—MEDLINE, CINAHL, PsychINFO, Scopus,
Web of Science, EmCare.

Identification of additional literature—Hand searching
of reference lists of (a) systematic reviews identified in
search, (b) included articles, and (c) forward tracking of
citations of included articles using Google Scholar; and
through consultation with field experts.

Box 3. Eligibility criteria
Design—Qualitative, quantitative or mixed methods
research designs.

Participants—Stroke survivors>18 years of age with
any level of UL disability.

Intervention—Technology used as a medium to per-
form home-based UL practice where the prescribed
dose was > 3x/week for > 4 weeks®.

Qualitative outcomes—Perseverance related outcomes
were drawn from perceptions of stroke survivors expe-
rience of utilising technology to facilitate home-based
UL practice; reported by stroke survivors and their sig-
nificant others, and therapists and researchers.

Quantitative outcomes—Perseverance related outcomes
(e.g. Adherence, usability, satisfaction, UL outcomes).

Publishing conditions—Published from 2010-2020° in
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#Authors believed that anything less than four weeks
was insufficient to demonstrate perseverance. Addi-
tionally, the median length of UL rehabilitation trials is
3.5 weeks therefore choosing a lower limit higher that is
than four weeks would exclude many trials [22].

PTen years was chosen as the search window to cor-
respond with the period of technological advances in
therapeutic devices for UL rehabilitation.

English language in a peer reviewed journal.

Assessment of study quality

The Mixed Methods Appraisal Tool (MMAT) was used
to assess quality of the included articles [23]. The MMAT
is a critical appraisal tool designed for use in systematic
mixed studies reviews [23]. It can be used to assess qualita-
tive studies, randomised controlled trials, non-randomised
trials, quantitative descriptive studies and mixed meth-
ods studies [23]. Two researchers (BN, SJ) independently
assessed each study. Studies that satisfied the MMAT cri-
teria scored a “Y’, whereas studies that either did not sat-
isfy the criteria, or provided insufficient information to
adequately assess the criteria, scored an “N” [23]. Disa-
greements in scores were discussed and if not resolved
were mediated by a third reviewer (RB).

Data extraction, analysis, and synthesis
A sequential exploratory synthesis was conducted [17, 18].
Sequential exploratory synthesis involves an initial qualita-
tive data collection and analysis phase which subsequently
informs, and is integrated with quantitative data collec-
tion and analysis to produce overall interpretations [17,
18]. Qualitative data were extracted by one reviewer (BN)
and managed using NVivo' software. Data extracted con-
sisted of terminology and concepts relating to persever-
ance, contained in reports from stroke survivors and their
significant others, and therapists and researchers, regard-
ing stroke survivors’ experience of utilising technology to
facilitate home-based UL practice. Qualitative data were
analysed thematically in a stepwise process [24]. Firstly the
primary reviewer (BN) familiarised herself with the data
by reading the studies in full, and documenting thoughts
about potential factors influencing perseverance. Factors
were then coded and collated into overarching stages of
perseverance (BN). The factors and stages were refined
through 5-10 iterative cycles of mind mapping to make
sense of the connections between themes (BN), returning
to the raw data to ensure referential adequacy (BN), and
discussions to vet and confirm consensus on final factors
and stages (BN, SJ, RB, KH) [24].

Qualitative findings of factors perceived to influence
perseverance drove the extraction of quantitative data

1 NVivo 11, QSR International, Melbourne, Australia.
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pertaining to study characteristics, intervention char-
acteristics, and perseverance-related outcomes (Box 4).
Data extracted were entered into Microsoft Excel” by one
reviewer (BN), and confirmed by a second reviewer (SJ).
Perseverance-related outcomes were used in the absence
of an established measure of perseverance. Quantitative
data was analysed descriptively by one reviewer (BN). To
explore a clinically important difference statistically and
clinically significant results within the experimental group
were reported. Clinical significance was recorded for UL
outcomes if the difference between pre and post interven-
tion score exceeded the minimal clinically important dif-
ference (MCID) for the outcome measure of interest [25].
Two researchers (BN, RB) cross referenced qualitative
themes and quantitative data to identify areas of conver-
gence and divergence [17, 18].
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#Average dose was used for all calculations except
where dose information was either not available or
average dose could not be calculated from the available
data

PThe hierarchy reflects practice achieved based on
most- to least-accurate quantification of dose [3]: 1.
Repetitions or time on task; 2. Time in therapy; 3. Num-
ber of sessions; and 4. General adherence report (e.g. all
participants completed the protocol).

“Experimental group only

Box 4. Quantitative data
Study characteristics—number of participants, gender
ratio, stroke chronicity, and dose.

Intervention characteristics—type of intervention, hard-
ware and software, commercial availability, rehabilita-
tion specificity, set-up and training assistance required,
mechanical device assistance, feedback provided, and
progression of training.

Surrogate measurement of perseverance—

o Adherence—expressed as a percentage of prescribed
dose, according to average dose achieved and reported
hierarchically across repetitions or time on task, time
in therapy, number of sessions, or general adherence
report.® P

» Dropouts—Participants enrolled in the study and com-
menced the intervention but did not complete the inter-
vention and/or immediate post intervention follow-up
measures
Measurement of factors perceived to

perseverance—

influence

o Usability—System Usability Scale [26]

o Satisfaction—Participant Satisfaction Survey

» Motivation—Intrinsic Motivation Inventory [27]

o UL Outcomes—UL impairment, activity or participation
outcomes

2 Microsoft Excel, Microsoft Corporation, United States of America.

Results

Flow of studies through the review

A total of 1450 articles were identified. Following removal
of duplicates, 561 titles and abstracts were screened for eli-
gibility. From 128 full texts, 42 studies were included [10,
28-68]: six qualitative [10, 39, 52, 54, 59, 65], 28 quanti-
tative [28, 30, 31, 33-38, 40, 43-51, 53, 57, 58, 60, 62, 64,
66—-68], and eight mixed methods [29, 32, 41, 42, 55, 56,
61, 63]. Figure 1 presents the flow of studies and reasons
for exclusion.

Characteristics of studies

Study characteristics are summarised in Table 1 [10,
28-68]. Overall, 692 stroke survivors participated in UL
interventions across 42 studies [10, 28—68]. There were 10
instances where data from one sample was reported in two
included studies [10, 28—-30, 36-39, 49, 50, 52, 55, 57-59,
61, 62, 65, 67, 68]. Where duplication of the sample and
intervention received existed, participants were counted
once. There was a total of 407 male and 265 female stroke
survivors from 39 studies that reported gender [10, 28-31,
33-39, 41-43, 45, 47-68]. Average age of stroke survivors
ranged from 49 to 83 years [10, 28—68]. Eighty-eight per-
cent of studies included participants who were stroke sur-
vivors in the chronic phase of recovery [10, 28—31, 33-39,
41-47, 50-66, 68]. Upper limb function was mixed, how-
ever classification by severity of UL disability was not pos-
sible due to the variance of disability measures employed
and lack of a gold standard classification measure (Addi-
tional file 2: Characteristics of upper limb disability) [10,
28-68]. Twenty-five family members/caregivers, and
seven therapists contributed to qualitative data, with one
study not reporting the number of caregivers involved [35,
39,42, 52, 54, 59, 65].

Six qualitative and eight mixed-methods studies used
interviews [10, 29, 32, 39, 41, 52, 54-56, 59, 61, 63, 65],
observation [42, 52, 54, 55], and participant/researcher
journals [41, 42, 54, 55] to collect data from stroke sur-
vivors, carers and significant others, and therapists
about their experiences of using technology to facilitate
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Titles and abstracts screened
(n=561)

Papers excluded after screening

A 4

Potentially-relevant papers retrieved
for evaluation of full text (n = 128)

A\ 4

tittes/abstracts (n = 433)

Papers excluded after evaluation of

v

Papers included in review (n = 42)

e Qualitative (n = 6)
e Quantitative (n = 28)
e Mixed Methods (n = 8)

Fig. 1 Flow of studies through the review

A 4

full text (n = 86)

o <3x/week, <4 weeks (n =11)

« Not peer reviewed journal article
(n=3)

¢ Non-home (n = 22)

¢ Non-interactive technology (n = 7)
¢ Non-interventional (n = 23)

¢ Non-stroke (n = 13)

¢ Non-technology (n = 3)

e Non-UL (n=3)

¢ Preliminary study (n = 1)

home-based UL practice. No quantitative or mixed-
methods studies collected direct measures of persever-
ance. Surrogate measures of perseverance were reported
for all quantitative (Adherence [28, 30, 31, 33, 35-38, 40,
43, 45-51, 53, 57, 58, 60, 64, 66—68], Dropouts [28, 31, 34,
36-38, 43, 44, 46, 49-51, 57, 58, 60, 62, 67, 68]) and mixed-
methods studies (Adherence [29, 32, 41, 42, 55, 56, 61,
63], Dropouts [41, 61, 63]). Factors perceived to influence
perseverance were measured in 27 quantitative studies
(Usability [50], Satisfaction [35, 36, 38, 43, 68], Motivation
[34, 40, 44, 45, 50, 51, 64], UL Outcomes [28, 31, 33-38, 40,
43-51, 53, 57, 58, 60, 62, 64, 66—68]) and six mixed meth-
ods studies (Usability [56], UL Outcomes [29, 41, 42, 55,
56, 63]).

Study quality

A detailed breakdown of quality ratings according to the
MMAT are displayed in Table 2 [23]. The six qualitative
studies were of high quality [10, 39, 52, 54, 59, 65], while
the 28 quantitative [28, 30, 31, 33-38, 40, 43-51, 53, 57, 58,
60, 62, 64, 66—68] and eight mixed methods [29, 32, 41, 42,
55, 56, 61, 63] studies were of moderate to low quality [23].
No studies were excluded based on quality.

Characteristics of interventions

Twenty-six separate technologies were investigated (Addi-
tional file 3: Characteristics of interventions) [10, 28—68].
Wired or wireless sensors were used to monitor UL move-
ment in all technologies; except two studies that used an
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Table 2 Quality appraisal

Study MMAT quality assessment

Screening Qualitative Quantitative RCT Quantitative NRT Mixed methods

S1 S2 1.1 1.2 13 14 15 21 22 23 24 25 31 32 33 34 35 51 52 53 54 55

Adie (2017) [28]
Alankus (2010) [29]
Basteris (2015) [30]
Bernocchi (2018) [31]
Bhattacharjya (2019) [32]
Brokaw (2015) [33]
Buick (2016) [34]
Burdea (2019) [35]
Butler (2014) [36]
Donoso-Brown (2014) [37]
Donoso-Brown (2015) [10]
Emmerson (2017) (38]
Emmerson (2018) [39]
Fluet (2019) [40]

Fu (2019) [41]
Hayward (2015) [42]
Housley (2016) [43]
Jordan (2014) [44]
King (2012) [45]
Langan (2013) [46]
Lin (2013) [47]

Linder (2013) [48]
Linder (2015) [49]
Nijenhuis (2015) [50]
Nijenhuis (2017) [51]
O-Brien Cherry (2017) [52]
Pareto (2011) [53]
Parker (2014) [54]
Proffitt (2011) [55]
Proffitt (2015) [56]
Rand (2015) [57]
Sivan (2014) [58]
Sivan (2016) [59]
Slijper (2014) [60]
Standen (2015) [61]
Standen (2017) [62]
Szturm (2020) [63]
Thielbar (2020) [64]
Wingham (2015) [65]
Wittmann (2016) [66]
Wolf (2015) [67]
Yacoby (2019) [68]
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MMAT Mixed Methods Appraisal Tool [RCT Randomised Controlled Trial, NRT Non-randomised Trial, ST—Are there clear research questions? S2—Do the collected
data allow to address the research questions? 1.1—Is the qualitative approach appropriate to answer the research question? 1.2—Are the qualitative data collection
methods adequate to address the research question? 1.3—Are the findings adequately derived from the data? 1.4—Is the interpretation of results sufficiently
substantiated by data? 1.5—Is there coherence between qualitative data sources, collection, analysis and interpretation? 3.1—Are the participants representative of
the target population? 3.2—Are measurements appropriate regarding both the outcome and exposure/intervention? 3.3—Are there complete outcome data? 3.4—
Are the confounders accounted for in the design and analysis? 3.5—During the study period, is the intervention/exposure administered as intended? 5.1—Is there
an adequate rationale for using a mixed methods design to address the research question? 5.2—Are the different components of the study effectively integrated

to answer the research question? 5.3—Are the results adequately brought together into overall interpretations? 5.4—Are divergences and inconsistencies between
quantitative and qualitative results adequately addressed? 5.5—Do the different components of the study adhere to the quality criteria of each tradition of the
methods involved?], Y Criteria satisfied, N Criteria not satisfied
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iPad [38, 39]. Interactive gaming software was used in 85%
of included studies [10, 28-31, 33-37, 40, 41, 43-45, 47—
53, 55-59, 63-68]. Ten technologies were commercially
available [28, 31, 34, 36, 38, 39, 43-45, 47-49, 52, 55-57,
65, 67, 68], seven of which had hardware and software
specifically designed for rehabilitation [31, 34, 36, 43—45,
47-49, 52, 55, 56, 67].

Level of assistance required for participant set-up was
reported in 28 out of 42 studies.[10, 29, 31-34, 36-45,
49, 52, 53, 56-59, 61, 62, 65, 67, 68] Five studies reported
entirely independent set-up by stroke survivors [32-34,
40, 45] and the remaining 23 studies reported set-up assis-
tance or supervision from a carer/family member or thera-
pist.[10, 29, 31, 36-39, 41-44, 49, 52, 53, 5659, 61, 62, 65,
67, 68] Ten technologies offered participants partial to full
assistance with UL movements during practice.[30, 31, 33,
35, 36, 40—44, 48-52, 58, 59, 67]

Audio-visual instructions or cues were provided to
stroke survivors within all technologies studied [10,
28-68]. Twenty-four technologies provided audio-visual
performance-based feedback [10, 28-37, 40-45, 47-68];
two exceptions were iPad and stereognosis training system
[38, 39, 46]. In 64% of studies, participants received at least
once weekly contact from a therapist to provide feedback,
monitor performance, and progress training [10, 28-30,
33, 34, 36, 37, 41-44, 46, 48-51, 53, 55, 57, 60-63, 65, 67,
68]. Contact occurred either in-person at the participant’s
home or at a clinic (33%) [29, 41, 44, 50, 51, 55, 60-62], via
telephone or videoconference (44%) [10, 28, 34, 36, 37, 43,
46, 48, 49, 53, 65, 67], or a combination of the two (22%)
[30, 33, 42, 57, 63, 68]. Forty-six percent of the devices
used a combination of automatic performance-based
training progressions and manual progressions [10, 28, 30,
31, 34, 36, 37, 42-44, 48-52, 56, 58, 59, 61-63, 65, 67].

Prescribed dose of practice varied significantly between
studies in terms of parameters used and magnitude
(Table 1). Participants were asked to complete between 9.5
and 161 h of practice over four to 24 weeks [10, 28—-31, 33—
37, 40, 41, 43-53, 55—68]. Two studies prescribed dose in
repetitions, recommending 1500 repetitions over 4 weeks
[42], and 3900 repetitions over 6 weeks [32]. Participants
self-selected their dose in seven studies [30, 32, 40, 45, 50,
60, 66]. Adherence with the prescribed dose was <50% in
five studies [30, 36, 53, 58, 61], 51% to 74% in nine studies
[38, 40, 47, 48, 50, 51, 56, 57, 68], 75% to 100% in 13 stud-
ies [28, 31-33, 37, 43, 45, 46, 55, 60, 63, 64, 66],>101% in
six studies [29, 35, 41, 42, 49, 67], and unreported in nine
studies [10, 34, 39, 44, 52, 54, 59, 62, 65]. As duration of
trials and frequency of sessions increased, adherence
decreased (71% of four week trials [33, 35, 37, 42, 64] vs.
50% of 12 week trials had >75% adherence [41, 43]; 71%
of training 3-5 days/week trials [29, 32, 33, 35, 37, 42, 46,
49, 55, 63, 64, 67] vs. 33% of training 6—7 days/week trials
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had >75% adherence [28, 31, 41, 43]). When allowed to
self-select their dose, stroke survivors trained for approxi-
mately 24 min/day, 4-5 days/week [30, 32, 40, 45, 50, 60,
66).

Sequential exploratory synthesis

Perseverance with technology-facilitated practice in the
home, as reported in the literature, was organised into a
conceptual framework (Fig. 2). Three stages are presented
on a linear continuum: (1) getting in the game; (2) stick-
ing with it; and (3) continuing or moving on. The condi-
tions and mediating factors perceived to influence stroke
survivors’ ability to persevere with practice are organised
within the stage where they appear to exert the most influ-
ence. However, factors can be fluid across the stages as
demonstrated in Fig. 2. Articles contributing to thematic
analysis are presented in Table 1 and supporting quotes are
presented in Table 3.[10, 28—68]

Stage 1—Getting in the game

Stroke survivors’ ability to get in the game or get started
with technology-facilitated home-based UL practice
appears to be mediated by acceptability and usability of
the technology by the stroke survivor and their significant
others.

Acceptability

Stroke survivors’ acceptance of technology to facilitate
home-based UL practice was reportedly influenced by age
and previous experience with technology, support received
from therapists and significant others, and fit of the tech-
nology within the home. Older stroke survivors were gen-
erally less accepting of technology and viewed it as more
appropriate for the younger generation. Anxieties about
learning to use or breaking new equipment decreased
acceptability for some, while other novice users found the
innovative and fun nature of technology appealing. While
the notion that ‘gaming is fun’ increased initial acceptance
of technological interventions, fun alone was not adequate
to maintain perseverance.

Stroke survivors’ acceptance of technology could be
positively or negatively impacted by views, experience,
and support from therapists and significant others. Stroke
survivors were sometimes less accepting of technology
when they perceived a lack of support in transitioning
from a therapist-led rehabilitation model to a technology-
facilitated model. The technology needed to fit well within
the home to be accepted by stroke survivors and their sig-
nificant others. Fit was not simply about physical space for
the technology, but also its aesthetics and suitability to the
environment within which it was placed.
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Perseverance with technology-facilitated

Acceptability of the technology

«  Stroke survivor’s age and previous experience with technology
¢ Therapists andsignificant others views, experience and support
. Fit of the technology inthe home

Usability of the technology

¢ Characteristics of the technology and associated technical issues
*  Characteristics of the stroke survivor

¢ Support of therapists and significant others

Staying engaged

¢ Customisation and variability of training
*  Social interaction

*  Accountability

Integrating practice into everyday life
. Identifyingand negotiating competing priorities
«  Fitting practice into everyday routine

me-based upper limb practice after stroke

Stage 1 Stage 2
Getting in the game Sticking with it

Meaningful outcomes
Progressively challenging practice
Performance-based feedback

Fig. 2 Conceptual framework for perseverance with technology-facilitated home-based upper limb practice after stroke

Stage 3
Continuing or Moving on

Continuing
Ongoingaccess to technology
*  Cost effective technology
. Existing technology
. Experience with technology

Movingon

. New goals for use of arm in
everyday life

*  Return to pre-stroke life

Usability

Usability of the technology was paramount for stroke sur-
vivors to be able to practice independently or in a semi-
independent manner. Variables reported to influence
usability included the characteristics of the technology and
associated technical issues; characteristics of the stroke
survivor; and support from therapists, caregivers and fam-
ily members.

Stroke survivors and their family members expressed a
preference for devices to be small, easy to manoeuvre, and
simple to setup and operate. Sometimes technology was
not suited to the practice space and needed to be moved
around the home, which was often laborious and resulted
in technical issues, particularly software malfunction.
Stroke survivors expressed frustration and dissatisfaction
when technical issues impacted their ability to practice or
interact with their therapist. Assistance from family mem-
bers or therapists was often required to resolve technical
issues, resulting in lost practice time. In some instances,
technical issues caused participants to cease the interven-
tion altogether.

Independent setup and training were sometimes limited
by motor and sensory UL impairment or by cognitive-
linguistic impairment. While family members provided
assistance with set-up and practice, time spent waiting
for assistance decreased practice opportunities. Therapist

support in implementation, training, and resolution of
technical issues increased usability.

Supporting evidence—getting in the game

Quantitative data to support the view that getting in the
game was influenced by the acceptability of the technology
were limited. Two failed recruitments and one dropout
were attributed to poor fit of the device in the home [42,
58]. Four dropouts were attributed to technical issues and
an inability to operate the device [50, 58, 63]. Satisfaction
was found to be highest when technology was perceived to
be user-friendly [35, 36, 38, 43].

Stage 2—Sticking with it

To continue recovery, stroke survivors must stick with it.
Within the included studies, continued practice required
technology to be engaging and its use integrated into
stroke survivors’ everyday life.

Staying engaged
Staying engaged was purportedly mediated by factors such
as social interaction, accountability, meaningful outcomes,
customisation and variability of training, challenge, and
feedback.

Social interaction was found to engage and motivate
stroke survivors. Some stroke survivors competed against
family members in dual player games, while others played
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Table 3 Supporting quotes for thematic analysis

Stage
Condition

Mediating factor

Supporting quotes

Getting in the game
Acceptability
Age

Previous experience

Support

Fit

Usability
Device characteristics

Personal characteristics

Technical issues

Support

Sticking with it
Staying engaged

“age of our participants was young in comparison with the population’s studies of stroke; this may have improved
acceptability of the study intervention, evidenced by the low number of participants discontinuing the interven-
tion”[28]

“In fact, the two oldest participants were also those who had never used a computer, and also the ones who were
least accepting of the technology” [39]

"Despite some initial apprehension and preconceived ideas, following exposure and an opportunity to try the
tablet, eight participants were more open to the use of this technology, and much less anxious” [39]

‘I had some initial problems with understanding the technology but once I got into routine use (of the device), it
became easy to use! [59]

“But | think the fact that being something different and being interactive is the main motivator with it actually,
than just exercising” [65]

“The therapists'attitude towards the intervention may have influenced the participants’attitude” [28]

“Previous experience of rehabilitation (i.e. therapist led rehabilitation to patient led rehabilitation) could influence
expectations of service delivery. One participant did not believe it was his responsibility to lead his rehabilitation,
“It's not up to me to sit here and do it all myself is it...You're the experts you should be doing it [54]

“Direct observations of the home environment revealed other related barriers to use based on the physical nature
of the devices themselves. Many of the homes were crowded spaces with limited room, few available electrical
outlets or without a table or chair at proper height. As a result, setting up and using the device was sometimes
difficult”[52]

“One of these two participants had reassessed his home situation (in view of some relatives living in his house
for holiday) and felt there was inadequate space in his house to accommodate the device for the period of the
study”[59]

“Participants were also asked what they would change about the device, and most responses involved adding
more games with greater levels of difficulty, refining the system for sending data to the secure server after use,
and making the computer component of the controller device smaller and easier to handle” [36]

“One of the complaints about the devices was their size and weight, and the resulting difficulty of moving them
around the home as a result. One participant said, “It's so bulky and when you move it you throw it out of whack,
so you have to stay in the same place and work around it". Most participants reported that they did not move
the device from where it was originally set up.[52]

“For Participant 3, accessing the game on the computer (e.g., finding the icon to click, following the steps to
log-in) presented a barrier to play. Participant 3 was able to play the game with verbal cues when the OT was
present in the home; however at other times, she did not use assistance from caregivers to load or play the
game. Due to her cognitive deficits, she had difficulty processing and following directions, both written and
pictorial”[56]

“Patients with severe impairments of arm function used the system less than those with moderate or mild impair-
ments” [66]

“Comments of dissatisfaction generally focused on technical aspects of the device, such as recurrent freezing of
the computer games and taking too long/failure of the device to send data to the secure server” [36]

“Each participant encountered at least one instance of technological malfunction that required troubleshooting!”
[10]

“Technical issues that arose due to the glove being a prototype could restrict use. P4 reported on a few occasions
that these made her want to throw the computer out of the window." [61]

“Very important aspects of our study were the educational sessions before discharge home, the caregivers' sup-
port and the availability of the physiotherapist to manage phone call contacts, home visits and videoconference
sessions, where possible”[31]

“JT's dependence on his wife for set-up and manual progressions meant opportunities for practice were missed.’
[42]
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Table 3 (continued)

Stage
Condition

Mediating factor

Supporting quotes

Social interaction

Accountability

Meaningful outcomes

Customisation and Variety

Challenge

Feedback

“Family support was crucial: “My granddaughter used to play the Balloonpop and encouraged me. | mean, obvi-
ously she got fantastic scores that | wouldn't be able to achieve, but | was so there, wanting to get as much as |
could.... It's good to have other people to play with you because you said, you know, that we could set her up,
and we did” (P23)"[61]

“The phone call seemed to play a bigger role in the intervention period for those who were house-bound or spent
a significant proportion of the time on their own. It provided a form of company and a link with the ‘outside
world” [65]

“On Day 10, when the therapist noticed that daily time of use was lower than requested of the participant, she
called the participant to encourage greater compliance. Thereafter, there was a noticeable increase in daily use”
[49]

“Itis easier for him to tell other people that'l did catch the ball and I got 3100 or... ‘I'm better this week | got 3600’
and even though it might not make much sense to other people, they can tell it is going up and it always seems
to appeal to him and he wants to do better on it each time”[54]

“Marie wanted to use motion games to accomplish her own goals”[29]

“Participants reported that being both engaged and successful motivated them to continue with NGT and this
appeared to reduce, although not completely eliminate, frustration”[10]

“Functional changes observed by the participant along with the modifications made to the games motivated her
to continue playing them throughout the intervention. [47]

“stroke survivors and their caregivers took ownership of their rehabilitation, especially where the Wii"™ was per-
ceived as improving arm function” [65]

“Participants were also asked what they would change about the device, and most responses involved adding
more games with greater levels of difficulty” [36]

“Participants'feedback also highlighted the importance of choosing from a variety of games to engage partici-
pants! [10]

“Comments of dissatisfaction generally focused on limited game selection” [43]

“In order to improve the users'ability to relate to the avatar, it was suggested that the graphical interface needs
to be individualised to the user. The user may wish to alter the avatar image to look like them (i.e. male/ female)
and therefore, make it both recognisable and easier to relate to. One user found it difficult to relate to the avatar
as she thought it did not represent her,“It's not me on the screen, that's a man and I'm a woman!" [54]

“Participants indicated they liked the customized aspect of the Mystic Isle. They claimed they were inspired to play
and enjoyed the games because they were tailored to help them achieve their particular goals” [56]

“In many cases, subjects performed within a challenging session more repetitions than in a challenging - then
supporting one — i.e. they performed better for a longer time. This confirms the effect of challenge on subjects’
motivation, i.e. by challenging the subject it is possible to extend the training intensity without affecting his/her
performance. The role of challenge in motivation is also confirmed by the lower number of repetitions in under-
challenging sessions compared to the under-supporting ones. [30]

“A few, suggested that the game was not cognitively challenging and did not motivate them”[10]

“Three participants liked the concept of the levels becoming progressively harder as that kept them interested in
using the device”[59]

“Participants wanted to exceed a previous score or ‘beat the machine’ as some participants described it, and this
spurred them on. A minority of participants felt they had become obsessed in this way and played longer than
the allotted 45 min per day! [65]

“One of Marie's most persistent requests was for additional feedback from the games. She wanted the games to
“make me feel good” by pointing out when she had increased her range of motion or completed a task more
quickly[29]

“Participants enjoyed watching themselves complete exercises, and used the visual and auditory feedback to iden-
tify where they needed to work harder or in a different way!" [39]

“JT was motivated by the 4-wk time period that the SMART Arm was available, on-screen feedback and automatic
progressions in response to his success, and in-home coaching sessions during which his progress was reviewed
and guidance was gained to progress further” [42]

“In addition, one participant explained that the feedback would be more meaningful if his results were something
he could relate to in everyday life like being able to play his guitar or using his hand to hold a plectrum, “The
feedback would be better if | could relate it to playing my guitar or holding the plectrum because these are
things | want to be able to do... goals™ [54]
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Table 3 (continued)

Stage
Condition

Mediating factor

Supporting quotes

Integrating practice into everyday life
Competing priorities

Fitting itin

Continuing

Moving on

“Because the onscreen display was sometimes inaccurate, the participants (and in some instances the carers as well)
became frustrated, lost patience, and trust in the feedback provided. This resulted in the participants being less will-
ing to use the equipment and/or dismissing the feedback as an inaccurate evaluation of their performance!’[54]

“many people recovering from stroke experience periods of disabling fatigue that require periods of rest through-
out the day:“In my first 4 months, | was really a bit tired every day.... | don't think I'd have had the chance to do
that (use the glove)” [61]

“Analysis of the interviews also suggested the possibility that the patients recruited were those who were more
likely to be trying to return to their prestroke life, and attempts to return to work or other activities away from
the home precluded the recommended level of use of the intervention.' [62]

“Family and life role responsibilities such as taking care of children or going to work occasionally interfered with
compliance! [67]

“Six out of ten participants reported including the game into their daily routine. Hannah had it setup at the office
and reports, “So it was easy to form a routine about when | would do it because | have a lot of cheerleaders
there1 [10]

“2 h of robotic therapy per day may be perceived as excessively burdensome, especially when coupled with 1 h of
HEP activities"[47]

“Due to the convenience of being able to use the device in their homes, participants gained a sense of control
over the scheduling of their therapy” [52]

“tailoring game sessions and exercises so that they can be completed with minimal effort and in short amounts of
time is likely to facilitate adoption on an ongoing basis by stroke survivors”[56]

“All the participants and their caregivers were unanimous in their preference for carrying out this type of rehabilita-
tion in their homes. This was perceived to have provided a more flexible and less stressful environment, and
enabled the participants to fit their rehabilitation in with their day-to-day lives and they were able to accommo-
date their responsibilities, social activities and other medical appointments!” [65]

“One suggestion made by two participants was that the length of time that participants used the system should
be increased. Gerald stated that he wanted “more time, uh, just, 30 days is not time enough.”Mary concurred,
reporting, “Four weeks might not be enough to see results.” [10]

“The two participants who owned tablets reported that they were now using them more often. Four others
advised that they planned on making new purchases or borrowing family member’s tablets." [39]

“Two participants were interested in buying the device if it were available commercially.’ [59]

“Overall system usage and the reported desire to continue training after completion of the study protocol suggest
that the therapy could even be applied over longer periods. [66]

"And the cost and everything else. Like if you're in business or at [son’s] age, you can use them all the time. At our
age, we've been good for 80 years without them, | can live a bit longer without them! [39]

“Furthermore, although costs are minimal for direct therapy care, the cost of robotic devices has not traditionally
been covered by third-party payers. [48]

“Patients also responded positively to the way in which rehabilitation was delivered by the home-based robotic
device itself, such as having control over the timing and duration of the rehabilitation therapy sessions, and
avoiding the cost and time involved with travel to do physical therapy in a clinical setting' [52]

“During the follow-up period, many more participants continued to self-train using the video-games compared
with traditional self training. This fact is of great importance since self-training programs need to be long term
and sustainable. Most participants who continued to play the video-games also demonstrated clinical meaning-
ful UE functional improvement during the period after the study."[57]

“A few also reported that they were incorporating their affected upper extremity in daily activities in new ways.
Michael who had more severe impairment reported that, “When one’s in a grocery store, pushing a shopping
cart, most people do it with both arms or both hands, and so I'm trying now to make sure | rest my affected arm
on the shopping cart handle ... just at least it would start to emulate or simulate a more normal approach to
ADL”[10]

‘engaging in a home program like NGT could help a person after stroke attempt to use their affected upper
extremity, yet individuals likely still need assistance in identifying which activities are most appropriate for
continued practice”[10]

“| can envision discovering more things to do." [55]
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Stage Supporting quotes

Condition

Mediating factor

“All five participants who noticed improved power in their arms reported that they were using the affected arm
more in daily activities and there was an improvement in functional ability in everyday tasks. [59]

“Inevitably, as participants recovered, they wanted to return to their prestroke life, especially if they were mobile.
This barrier to use included returning to work, going on holiday, driving, or hobbies: “I've got my allotments to
do; there's obviously going out shopping and... trying to fit round the rest of your day." [61]

“The set period of time (six weeks) appeared to motivate participants to play the Wii™ regularly. Most participants
viewed the Wii™ intervention as a specific stage in the rehabilitation process, and once the six weeks had
finished felt it was time to move onto other activities.“Cos you (caregiver) said, Il go & buy you one (a Wii"™), and
I said,'No, no, no'...It was awful in one way it was going but, in another way, because | was getting better, um, it
didn't make me go and sit in a chair ...| kept trying do little bits round the house, didn't 17" [65]

ADL activities of daily living, NGT neurogame therapy, OT occupational therapist, SMART Arm sensorimotor active rehabilitation training of the arm, UE upper extremity

at their office, cheered on by co-workers. Networked
games were suggested as a way to compete against those
with a similar level of disability. Geographically or socially
isolated stroke survivors found that reporting their perfor-
mance to the research team was a positive form of social
interaction which enhanced engagement. Occasionally,
stroke survivors preferred to practice in a group environ-
ment (i.e. gym or community rehabilitation facility) as they
found home-based practice isolating.

Stroke survivors reported that therapist monitoring
prompted adherence to the prescribed dose. Additionally,
being accountable and reporting meaningful outcomes
to friends and family provided positive reinforcement of
stroke survivors’ achievements, increasing self-efficacy,
motivation and engagement with practice. Some stroke
survivors were self-accountable, creating individual goals
within games and monitoring their progress to remain
engaged. When improved UL function translated into
increased independence with activities of daily living,
stroke survivors confidence in the technology and motiva-
tion to stick with training increased.

Stroke survivors were most engaged with technology
that offered multiple game choices; limited game selec-
tion was associated with boredom. Conversely, a lack of
structure in technological interventions was thought to
decrease adherence in some studies. Individual customisa-
tion of games that accurately reflected the stroke survivor
and their interests and goals improved engagement. Stroke
survivors became disengaged when games were either not
cognitively or physically challenging, or so challenging that
they limited success. Automatic, performance-based pro-
gression was preferred to manual progression as an ade-
quate level of challenge was maintained, without having to
wait for assistance to manually progress.

Audio-visual feedback both within and after a game
or session provided positive reinforcement, increasing

motivation and engagement. Feedback of results at the
end of a session was appreciated, and stroke survivors sug-
gested displaying results along a time continuum for com-
parison of current and previous performance. Conversely,
feedback could cause dis-engagement if it was overly nega-
tive, if participants were unable to relate it back to their
goals, or if they perceived it to be an inaccurate representa-
tion of their performance.

Integrating practice into everyday life

Included studies recognised that for stroke survivors to
stick with practice, practice needed to be integrated into
their everyday life. Successful integration means work-
ing around competing priorities which limit practice
opportunities, and the stroke survivor fitting practice into
their normal routine. Stroke survivors’ ability to integrate
practice was impacted by work and family commitments,
illness, hobbies, and travel. Home-based practice was con-
sidered to be convenient and flexible. Stroke survivors
could fit practice into their everyday routine more easily as
it involved no travel time and minimal or no cost. Stroke
survivors preferred shorter, more frequent training ses-
sions as higher doses were more difficult to fit into the day,
increased fatigue, and could feel excessively burdensome.

Supporting evidence—sticking with it

Quantitative data to support the view that sticking with it
was influenced by staying engaged and integrating prac-
tice into everyday life were limited. Twenty-three dropouts
were attributed to poor adherence and competing priori-
ties [10, 28, 30, 31, 34, 37, 41, 43, 44, 49-51, 57, 60-62, 66—
68], while 16 stroke survivors decided not to continue with
their respective intervention [28, 30, 31, 49, 50, 57, 61, 62,
65, 67, 68]. Clinically significant improvement in UL out-
comes for at least one measure were obtained in 16 studies
[28, 35, 36, 42, 43, 47-50, 53, 58, 60, 62, 63, 66, 67], nine of
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which had >75% adherence [28, 35, 42, 43, 49, 60, 63, 66,
67].

Stage 3—Continuing OR moving on

The final stage of persevering with technology-facilitated
home-based UL practice appears to be continuing or mov-
ing on from technology-facilitated practice.

Continuing

Some participants felt they needed to have access to the
technology for a longer period of time to improve their UL
function. Stroke survivors were unlikely to purchase tech-
nology that they perceived to be either too costly or super-
fluous. Those with existing home-based technology (e.g.
iPad or Wii) or previous technology experience were more
willing to persevere with practice beyond the endpoint of
trials.

Moving on

The trial endpoint was often viewed as a time to move onto
other rehabilitation activities. Participants reported set-
ting new goals and trying to integrate use of their arm and
hand into everyday activities to aid recovery. Sometimes
after a trial, stroke survivors’ UL function had improved
sufficiently to return to their pre-stroke life, which took
precedence over continued practice with technology.

Supporting evidence—continuing or moving on

Quantitative data to support the view that continuing with
practice was influenced by continued access to technol-
ogy was limited. More stroke survivors chose to continue
with technology-facilitated practice over a traditional HEP
when provided with the opportunity [57, 68]. Quantitative
data to support the view that moving on impacted perse-
verance was equally limited. Four dropouts were attributed
to participants either moving onto other therapy, or drop-
ping out owing to good progress [30, 38, 50, 58, 59, 63, 67].

Discussion

The findings of this systematic review highlight that per-
severance with practice after stroke and factors that influ-
ence perseverance have rarely been considered. However,
from these findings we have proposed three stages of per-
severance (e.g. getting in the game, sticking with it and
continuing or moving on). The role that technology plays
to support stroke survivors to move through these stages
is of particular interest to this review, therefore we discuss
conditions required for perseverance within each stage
(e.g. acceptability, usability) and how these conditions are
mediated by both intrinsic and extrinsic factors (e.g. age,
device characteristics, challenge). Further investigation
is required to expand our understanding of perseverance

Page 23 of 26

with practice for stroke survivors along the rehabilitation
and recovery continuum.

Perseverance with stroke rehabilitation was not con-
ceptualised in any studies within this review and no stud-
ies contained direct measures of perseverance. Outside of
the field of stroke recovery, perseverance has been meas-
ured using other scales [69-71] such as the Grit Scale [72]
and the Resilience Scale [73]. Unfortunately, none of these
measures have been validated for use with stroke survivors
[69-73]. The challenge in measuring perseverance is that
it is a dynamic behaviour that is mediated day-to-day by
intrinsic and extrinsic factors [13, 14] which are yet to be
fully understood in the context of stroke rehabilitation.

The proposed framework (Fig. 2) models persever-
ance into a multi-level concept, which goes some way to
improving understanding of the phenomenon. The frame-
work allows clinicians and researchers to identify a stroke
survivor’s stage of perseverance, the conditions which
are most likely to influence perseverance at that stage,
and the key factors which mediate perseverance within
each condition. This offers opportunities for clinicians
and researchers to develop strategies that target modifi-
able mediating factors to enhance stroke survivors’ abil-
ity to persevere with technology-facilitated home-based
UL practice. Strategies to enhance perseverance could be
implemented in technology development and clinical pre-
scription of practice.

Further investigation of the proposed framework for
perseverance is required. Recognising that perseverance is
a dynamic behaviour [13, 14], it will be critical to next use
this framework to explore stroke survivors’ perspectives on
perseverance in the context of stroke rehabilitation, the fac-
tors that mediate perservence, and the relative contribution
of each mediating factor to their ability to persevere. Taken
together, such information will be critical to informing the
development of a stroke specific measure of perseverance,
and allow us to design and implement strategies to enhance
perseverance.

The findings of this review should be interpreted with cau-
tion as none of the studies included specifically set out to
explore perseverance with technology-facilitated home-based
UL rehabilitation post-stroke. Furthermore, surrogate meas-
ures of perseverance (e.g. adherence) were used in the absence
of direct measures of perseverance, and while they provided
some valuable information, this is insufficient to measure a
complex phenomenon such as perseverance [74]. Factors per-
ceived to influence perseverance were identified but support-
ing quantitative data was extremely limited. Meta-analysis
was not possible due to poor adherence reporting and hetero-
geneity of data that was extracted on stroke survivor cohorts,
interventions, and outcome measures. It is possible that some
studies may have been missed in the original search or unin-
tentionally excluded. However, authors were systematic in their



Neibling et al. J NeuroEngineering Rehabil (2021) 18:43

search and screening process, with two reviewers completing
these elements to minimise error and bias. Only four stud-
ies within this review achieved a sample size of more than 30
stroke survivors. Lastly, we chose not to exclude poor quality
studies based on MMAT score to allow for interpretation of the
findings with transparency of quality.

Conclusion

Technology-facilitated UL rehabilitation offers stroke sur-
vivors opportunities to exploit their potential for recovery
that will only be realised if they are able to persevere with
practice. This review highlighted that the role of perse-
verance in stroke rehabilitation is yet to be purposefully
investigated. We have proposed a framework to conceptu-
alise perseverance with technology-facilitated home-based
UL practice which can be used by health professionals to
inform prescription of technology for home-based reha-
bilitation. Ultimately, a stroke survivor’s ability to perse-
vere with technology-facilitated home-based upper limb
practice hinges on the acceptability and usability of the
technology, and their ability to stay engaged and integrate
practice into their everyday life. However, future research
into perseverance in the context of stroke rehabilitation
is required for ongoing refinement of the framework, and
development of a stroke specific measure of perseverance.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512984-021-00819-1.

Additional file 1: Medline search strategy.
Additional file 2: Characteristics of upper limb disability.

Additional file 3: Characteristics of interventions.

Abbreviations

BN: Bridee Neibling; HEP: Home exercise programs; JCU: James Cook University;
KH: Kathryn Hayward; MCID: Minimal clinically important difference; MMAT:
Mixed methods appraisal tool; PRISMA: Preferred reporting items for systematic
reviews and meta-analyses; RB: Ruth Barker; SJ: Sarah Jackson; UL: Upper limb.

Acknowledgements

The research team acknowledges Professor Wei Xiang for his supervisory sup-
port as Advisor Mentor to BN during her PhD studies, and Sally Horsley for her
clinical expertise and guidance during write up. The Florey Institute of Neurosci-
ence and Mental Health acknowledges the strong support from the Victorian
Government and in particular the funding from the Operational Infrastructure
Support Grant.

Authors’ contributions

The review was conceived by BN and RB. The search was conducted by BN and
SJ.Title, abstract and full text screening, and quality assessment were conducted
by BN and SJ. BN and SJ extracted quantitative data. BN extracted qualitative
data. BN analysed qualitative and quantitative data with support from RB, KH
and SJ. BN led manuscript write-up, with edits and revisions by RB, KH and SJ. All
authors read and approved the final manuscript.

Page 24 of 26

Funding

BN is supported by a Nursing and Allied Health Scholarship and Support
Scheme (NAHSSS) Scholarship. The views expressed in this publication do not
necessarily represent those of the NAHSSS, its Administrator, Services for Austral-
ian Rural and Remote Allied Health (SARRAH) and/or the Australian Government
Department of Health. BN and SJ are supported by a Research Training Program
Scholarship administered by James Cook University (JCU). KH is supported

by a National Health and Medical Research Council of Australia Fellowship
(APP1088449).

Availability of data and materials
All data generated or analysed during this study are included in this published
article and its supplementary information files.

Ethical approval and consent to participate
Ethical approval was not required for this study.

Consent for publication
Not applicable.

Competing interests
None to declare.

Author details

! College of Healthcare Sciences, James Cook University, Townsville, QLD 4811,
Australia. 2 Centre for Rural and Remote Health, James Cook University, Mount
Isa, QLD 4825, Australia. > Melbourne School of Health Sciences, University

of Melbourne, Melbourne, VIC 3084, Australia. * Stroke Theme, Florey Institute
of Neuroscience and Mental Health, Melbourne, VIC 3084, Australia. > NHMRC
CRE in Stroke Rehabilitation and Brain Recovery, Melbourne, VIC 3084,
Australia. °© College of Healthcare Sciences, James Cook University, Cairns, QLD
4878, Australia.

Received: 3 June 2020 Accepted: 12 January 2021
Published online: 24 February 2021

References

1. Kwakkel G, van Peppen R, Wagenaar RC, Wood Dauphinee S, Richards C,
Ashburn A, et al. Effects of augmented exercise therapy time after stroke: a
meta-analysis. Stroke. 2004;35(11):2529-39.

2. 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.

3. Lang CE, Lohse KR, Birkenmeier RL. Dose and timing in neuroreha-
bilitation: prescribing motor therapy after stroke. Curr Opin Neurol.
2015;28(6):549-55.

4. Hayward KS, Brauer SG. Dose of arm activity training during acute and
subacute rehabilitation post stroke: a systematic review of the literature.
Clin Rehabil. 2015;29(12):1234-43.

5. Kwakkel G, Kollen BJ, van der Grond J, Prevo AJ. Probability of regaining
dexterity in the flaccid upper limb: impact of severity of paresis and time
since onset in acute stroke. Stroke. 2003;34(9):2181-6.

6. Da-Silva RH, Moore SA, Price Cl. Self-directed therapy programmes
for arm rehabilitation after stroke: a systematic review. Clin Rehabil.
2018,;32(8):1022-36.

7. Chan D, Can F. Patients’adherence/compliance to physical therapy
home exercises. Fizyoterapi Rehabilitasyon. 2010;21(3):132-9.

8. Jurkiewicz MT, Marzolini S, Oh P. Adherence to a home-based
exercise program for individuals after stroke. Top Stroke Rehabil.
2011;18(3):277-84.

9. Scorrano M, Ntsiea V, Maleka D. Enablers and barriers of adherence to
home exercise programmes after stroke: caregiver perceptions. Int J Ther
Rehabil. 2018;25(7):353-64.

10. Donoso Brown EV, Dudgeon BJ, Gutman K, Moritz CT, Westcott MS.
Understanding upper extremity home programs and the use of gaming
technology for persons after stroke. Disabil Health J. 2015;8(4):507-13.

11. ChenY, Abel KT, Janecek JT, Chen'Y, Zheng K, Cramer SC. Home-based
technologies for stroke rehabilitation: A systematic review. Int J Med
Inform. 2018. https://doi.org/10.1016/j.ijmedinf.2018.12.001.


https://doi.org/10.1186/s12984-021-00819-1
https://doi.org/10.1186/s12984-021-00819-1
https://doi.org/10.1016/j.ijmedinf.2018.12.001

Neibling et al. J NeuroEngineering Rehabil

22.

23.

24,

25.

26.
27.

28.

29.

30.

31

32.

33.

34.

35.

(2021) 18:43

Oxford Dictionary. Definition of perseverance United Kingdom: Oxford
University Press; 2018. https://en.oxforddictionaries.com/definition/
perseverance.

Meier G, Albrecht MH. The persistence process: Development of

a stage model for goal-directed behavior. J Leadersh Organ Stud.
2003;10(2):43-54.

Van Gelderen M. Perseverance strategies of enterprising individuals. Int J
Entrep Behav Res. 2012;18(6):630-48.

Duckworth AL, Peterson C, Matthews MD, Kelly DR. Grit: perseverance

and passion for long-term goals. J Pers Soc Psychol. 2007;92(6):1087-101.

Durand-Bush N, Salmela JH. The development and maintenance of expert
athletic performance: perceptions of world and Olympic champions. J Appl
Sport Psychol. 2002;14(3):154-71.

Creswell JW, Creswell JD. Research design: qualitative, quantitative, and
mixed methods approaches. New York: Sage publications; 2017.

Hong QN, Pluye P, Bujold M, Wassef M. Convergent and sequential synthe-
sis designs: implications for conducting and reporting systematic reviews
of qualitative and quantitative evidence. Syst Rev. 2017;6(1):61.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Pre-
ferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Syst Rev. 2015;4(1):1.

Wikipedia. Definition of interactive software. https://en.wikipedia.org/wiki/
Interactive_media.

. Bernhardt J, Hayward KS, Kwakkel G, Ward NS, Wolf SL, Borschmann K, et al.

Agreed definitions and a shared vision for new standards in stroke recovery
research: the stroke recovery and rehabilitation roundtable taskforce. Int J
Stroke. 2017;12(5):444-50.

Borschmann K, Hayward KS, Raffelt A, Churilov L, Kramer S, Bernhardt J.
Rationale for intervention and dose is lacking in stroke recovery trials: a sys-
tematic review. Stroke Res Treat. 2018. https://doi.org/10.1155/2018/80873
72.

Hong QN, Pluye P, Fabregues S, Bartlett G, Boardman F, Cargo M, et al.
Mixed methods appraisal tool (MMAT), version 2018. http://mixedmetho
dsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_
criteria%C3%A2%E2%82%AC%20manual_2018%C3%A2%E2%82%AC%20
08%C3%A2%E2%82%AC%2001_ENG.pdf.

Nowell LS, Norris JM, White DE, Moules NJ. Thematic analysis: striving to
meet the trustworthiness criteria. Int J Qual Methods. 2017;16(1):1-13.
Anderson H, Bland M, Byl N, et al. StrokeEDGE Il: compendium of informa-
tion 2018. http://neuropt.org/docs/default-source/edge-documents/strok
edge-rehabmeasures-summary-4_6-3-18.pdf?sfvrsn=1ffc5443_4.

Brooke J. SUS-A quick and dirty usability scale. 1996;189(194):4-7.

McAuley E, Duncan T, Tammen V. Psychometric properties of the intrinsic
motivation inventory in a competitive sport setting: a confirmatory factor
analysis. Res Q Exerc Sport. 1989;60(1):48-58.

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

Alankus G, Proffitt R, Kelleher C, Engsberg J. Stroke therapy through
motion-based games: a case study. ACM Trans Access Comput. 2011;4(1):3.
Basteris A, Nijenhuis SM, Buurke JH, Prange GB, Amirabdollahian F. Lag-lead
based assessment and adaptation of exercise speed for stroke survivors.
Rob Auton Syst. 2015;73:144-54.

Bernocchi P Mulé C, Vanoglio F, Taveggia G, Luisa A, Scalvini S. Home-based
hand rehabilitation with a robotic glove in hemiplegic patients after stroke:
a pilot feasibility study. Top Stroke Rehabil. 2018;25(2):114-9.

Bhattacharjya S, Stafford MC, Cavuoto LA, Yang Z, Song C, Subryan H, et al.
Harnessing smartphone technology and three dimensional printing to
create a mobile rehabilitation system, mRehab: assessment of usability and
consistency in measurement. J Neuroeng Rehabil. 2019;16(1):127.

Brokaw EB, Eckel E, Brewer BR. Usability evaluation of a kinematics focused
Kinect therapy program for individuals with stroke. Technol Health Care.
2015;23(2):143-51.

Buick AR, Kowalczewski J, Carson RG, Prochazka A. Tele-supervised FES-
assisted exercise for hemiplegic upper limb. IEEE Trans Neural Syst Rehabil
Eng. 2015;24(1):79-87.

Burdea GC, Grampurohit N, Kim N, Polistico K, Kadaru A, Pollack S, et al.
Feasibility of integrative games and novel therapeutic game control-

ler for telerehabilitation of individuals chronic post-stroke living in the

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Page 25 of 26

community. Top Stroke Rehabil. 2019. https://doi.org/10.1080/10749
357.2019.1701178.

Butler AJ, Bay C, Wu D, Richards K, Buchanan S, Yepes M. Expanding tele-
rehabilitation of stroke through in-home robot-assisted therapy. Int J Phys
Med Rehabil. 2014,2(184):1-11.

Donoso Brown EV, Westcott McCoy S, Fechko AS, Price R, Gilbertson T,
Moritz CT. Preliminary investigation of an electromyography-controlled
video game as a home program for persons in the chronic phase of stroke
recovery. Arch Phys Med Rehabil. 2014;95(8):1461-9.

Emmerson KB, Harding KE, Taylor NF. Home exercise programmes sup-
ported by video and automated reminders compared with standard
paper-based home exercise programmes in patients with stroke: a rand-
omized controlled trial. Clin Rehabil. 2017;31(8):1068-77.

Emmerson KB, Harding KE, Lockwood KJ, Taylor NF. Home exercise
programs supported by video and automated reminders for patients with
stroke: a qualitative analysis. Aust Occup Ther J. 2018;65(3):187-97.

Fluet GG, Qiu Q, Patel J, Cronce A, Merians AS, Adamovich SV. Autonomous
use of the home virtual rehabilitation system: a feasibility and pilot study.
Games Health J. 2019,8(6):432-8.

. FuMJ, Harley MY, Hisel T, Busch R, Wilson R, Chae J, Knutson JS. Ability of

people with post-stroke hemiplegia to self-administer FES-assisted hand
therapy video games at home: an exploratory case series. J Rehabil Assist
Technol Eng. 2019,6:2055668319854000.

Hayward KS, Neibling BA, Barker RN. Self-administered, home-based SMART
(sensorimotor active rehabilitation training) arm training: a single-case
report. Am J Occup Ther. 2015,69(4):1-8.

Housley S, Garlow A, Ducote K, Howard A, Thomas T, Wu D, et al. Increasing
access to cost effective home-based rehabilitation for rural veteran stroke
survivors. Austin J Cerebrovasc Dis Stroke. 2016;3(2):1-11.

Jordan K, Sampson M, King M. Gravity-supported exercise with computer
gaming improves arm function in chronic stroke. Arch Phys Med Rehabil.
2014;95(8):1484-9.

King M, Hijmans J, Sampson M, Satherly J, Hale L. Home-based stroke reha-
bilitation using computer gaming. N Z J Physiotherapy. 2012;40(3):128-34.
Langan J, Delave K, Phillips L, Pangilinan P, Brown SH. Home-based teler-
ehabilitation shows improved upper limb function in adults with chronic
stroke: a pilot study. J Rehabil Med. 2013;45(2):217-20.

Lin J, Kelleher CL, Engsberg JR. Developing home-based virtual reality
therapy interventions. Games Health J. 2013;2(1):34-8.

Linder SM, Reiss A, Buchanan S, Sahu K, Rosenfeldt AB, Clark C, et al.
Incorporating robotic-assisted telerehabilitation in a home program to
improve arm function following stroke: a case study. J Neurol Phys Ther.
2013;37(3):125-32.

Linder SM, Rosenfeldt AB, Bay RC, Sahu K, Wolf SL, Alberts JL. Improving
quality of life and depression after stroke through telerehabilitation. Am J
Occup Ther. 2015;69(2):6902290020p1-p10.

Nijenhuis SM, Prange GB, Amirabdollahian F, Sale P, Infarinato F, Nasr N, et al.
Feasibility study into self-administered training at home using an arm and
hand device with motivational gaming environment in chronic stroke. J
Neuroeng Rehabil. 2015;12(1):89.

Nijenhuis SM, Prange-Lasonder GB, Stienen AH, Rietman JS, Buurke JH.
Effects of training with a passive hand orthosis and games at home

in chronic stroke: a pilot randomised controlled trial. Clin Rehabil.
2017;31(2):207-16.

O'Brien Cherry C, Chumbler NR, Richards K, Huff A, Wu D, Tilghman LM,

et al. Expanding stroke telerehabilitation services to rural veterans: a
qualitative study on patient experiences using the robotic stroke therapy
delivery and monitoring system program. Disabil Rehabil Assist Technol.
2017;12(1):21-7.

Pareto L, Johansson B, Ljungberg C, Zeller S, Sunnerhagen KS, Rydmark M,
et al. Telehealth with 3D games for stroke rehabilitation. Int J Disabil Hum
Dev. 2011;10(4):373-7.

Parker J, Mawson S, Mountain G, Nasr N, Zheng H. Stroke patients’ utilisa-
tion of extrinsic feedback from computer-based technology in the home:
a multiple case study realistic evaluation. BMC Med Inform Decis Mak.
2014;14(1)46.

Proffitt RM, Alankus G, Kelleher CL, Engsberg JR. Use of computer games as
an intervention for stroke. Top Stroke Rehabil. 2011;18(4):417-27.

Proffitt R, Lange B. Feasibility of a customized, in-home, game-based stroke
exercise program using the Microsoft Kinect® sensor. Int J Telerehabil.
2015;7(2):23.


https://en.oxforddictionaries.com/definition/perseverance
https://en.oxforddictionaries.com/definition/perseverance
https://en.wikipedia.org/wiki/Interactive_media
https://en.wikipedia.org/wiki/Interactive_media
https://doi.org/10.1155/2018/8087372
https://doi.org/10.1155/2018/8087372
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria%C3%A2%E2%82%AC%20manual_2018%C3%A2%E2%82%AC%2008%C3%A2%E2%82%AC%2001_ENG.pdf
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria%C3%A2%E2%82%AC%20manual_2018%C3%A2%E2%82%AC%2008%C3%A2%E2%82%AC%2001_ENG.pdf
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria%C3%A2%E2%82%AC%20manual_2018%C3%A2%E2%82%AC%2008%C3%A2%E2%82%AC%2001_ENG.pdf
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria%C3%A2%E2%82%AC%20manual_2018%C3%A2%E2%82%AC%2008%C3%A2%E2%82%AC%2001_ENG.pdf
http://neuropt.org/docs/default-source/edge-documents/strokedge-rehabmeasures-summary-4_6-3-18.pdf?sfvrsn=1ffc5443_4
http://neuropt.org/docs/default-source/edge-documents/strokedge-rehabmeasures-summary-4_6-3-18.pdf?sfvrsn=1ffc5443_4
https://doi.org/10.1080/10749357.2019.1701178
https://doi.org/10.1080/10749357.2019.1701178

Neibling et al. J NeuroEngineering Rehabil

57.

58.

59.

60.

62.

63.

64.

65.

(2021) 18:43

Rand D, Weingarden H, Weiss R, Yacoby A, Reif S, Malka R, et al. Self-training
to improve UE function at the chronic stage post-stroke: a pilot rand-
omized controlled trial. Disabil Rehabil. 2017,39(15):1541-8.

Sivan M, Gallagher J, Makower S, Keeling D, Bhakta B, O'Connor RJ, et al.
Home-based computer assisted arm rehabilitation (hCAAR) robotic device
for upper limb exercise after stroke: results of a feasibility study in home
setting. J Neuroeng Rehabil. 2014;11(1):163.

Sivan M, Gallagher J, Holt R, Weightman A, O'Connor R, Levesley M. Employ-
ing the international classification of functioning, disability and health
framework to capture user feedback in the design and testing stage of
development of home-based arm rehabilitation technology. Assist Technol.
2016;28(3):175-82.

Slijper A, Svensson KE, Backlund P, Engstrom H, Sunnerhagen KS. Computer
game-based upper extremity training in the home environment in stroke
persons: a single subject design. J Neuroeng Rehabil. 2014;11(1):35.

. Standen PJ, Threapleton K, Connell L, Richardson A, Brown DJ, Battersby S,

et al. Patients'use of a home-based virtual reality system to provide reha-
bilitation of the upper limb following stroke. Phys Ther. 2015;95(3):350-9.
Standen P, Threapleton K, Richardson A, Connell L, Brown D, Battersby S,
etal. A low cost virtual reality system for home based rehabilitation of the
arm following stroke: a randomised controlled feasibility trial. Clin Rehabil.
2017;31(3):340-50.

SzturmT, Imran Z, Pooyania S, Kanitkar A, Mahana B. Evaluation of a game
based tele rehabilitation platform for in-home therapy of hand-arm func-
tion post stroke: feasibility study. PM&R. 2020. https://doi.org/10.1002/
pmrj.12354.

Thielbar KO, Triandafilou KM, Barry AJ, Yuan N, Nishimoto A, Johnson

J, et al. Home-based upper extremity stroke therapy using a multiuser
virtual reality environment: a randomized trial. Arch Phys Med Rehabil.
2020;101(2):196-203.

Wingham J, Adie K, Turner D, Schofield C, Pritchard C. Participant

and caregiver experience of the Nintendo Wii SportsTM after stroke:

66.

67.

68.

69.

70.

Page 26 of 26

qualitative study of the trial of WiiTM in stroke (TWIST). Clin Rehabil.
2015;29(3):295-305.

Wittmann F, Held JP, Lambercy O, Starkey ML, Curt A, Hover R, et al. Self-
directed arm therapy at home after stroke with a sensor-based virtual
reality training system. J Neuroeng Rehabil. 2016;13(1):75.

Wolf SL, Sahu K, Bay RC, Buchanan S, Reiss A, Linder S, et al. The HAAPI
(Home Arm Assistance Progression Initiative) trial: a novel robotics
delivery approach in stroke rehabilitation. Neurorehabil Neural Repair.
2015;29(10):958-68.

Yacoby A, Zeilig G, Weingarden H, Weiss R, Rand D. Feasibility of, adher-
ence to, and satisfaction with video game versus traditional self-training
of the upper extremity in people with chronic stroke: a pilot randomized
controlled trial. Am J Occup Ther. 2019;73(1):7301205080p 1-p14.

Kern ML, Benson L, Steinberg EA, Steinberg L. The EPOCH measure of
adolescent well-being. Psychol Assess. 2016;28(5):586.

Kang M, Zhu W, Ragan BG, Frogley M. Exercise barrier severity and
perseverance of active youth with physical disabilities. Rehabil Psychol.
2007;52(2):170.

71. ZhuW, Timm G, Ainsworth B. Rasch calibration and optimal categorization
of an instrument measuring women's exercise perseverance and barriers.
Res Q Exerc Sport. 2001;72(2):104-16.

72. Duckworth AL, Quinn PD. Development and validation of the short grit
scale (GRIT-S). J Pers Assess. 2009,91(2):166-74.

73. Wagnild G. A review of the resilience scale. J Nurs Meas. 2009;17(2):105-13.

74. McDonald MI, Lawson KD. Doing it hard in the bush: aligning what gets
measured with what matters. Aust J Rural Health. 2017;25(4):246-51.

Publisher’s Note

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

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

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

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/10.1002/pmrj.12354
https://doi.org/10.1002/pmrj.12354

	Perseverance with technology-facilitated home-based upper limb practice after stroke: a systematic mixed studies review
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Box 1. Key definitions
	Identification and selection of studies
	Box 2. Information sources
	Box 3. Eligibility criteria
	Assessment of study quality
	Data extraction, analysis, and synthesis

	Box 4. Quantitative data
	Results
	Flow of studies through the review
	Characteristics of studies
	Study quality
	Characteristics of interventions
	Sequential exploratory synthesis
	Stage 1—Getting in the game
	Acceptability
	Usability
	Supporting evidence—getting in the game

	Stage 2—Sticking with it
	Staying engaged
	Integrating practice into everyday life
	Supporting evidence—sticking with it

	Stage 3—Continuing OR moving on
	Continuing
	Moving on
	Supporting evidence—continuing or moving on


	Discussion
	Conclusion
	Acknowledgements
	References


