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Abstract

Background: In the United Kingdom, stroke is the most significant cause of adult disability. Stroke survivors are frequently
left with physical and psychological changes that can profoundly affect their functional ability, independence, and social
participation. Research suggests that long-term, intense, task- and context-specific rehabilitation that is goal-oriented and
environmentally enriched improves function, independence, and quality of life after astroke. It isrecommended that rehabilitation
should continue until maximum recovery has been achieved. However, theincreasing demand on services and financial constraints
meansthat needs cannot be met through traditional face-to-face delivery of rehabilitation. Using a participatory design methodol ogy,
we devel oped an information communication technology—enhanced Personalized Self-Managed rehabilitation System (PSMrS)
for stroke survivors with integrated insole sensor technology within an “intelligent shoe.”. The intervention model was based
around arehabilitation paradigm underpinned by theories of motor rel earning and neuropl astic adaptation, motivational feedback,
self-efficacy, and knowledge transfer.

Objective: To understand the conditions under which this technol ogy-based rehabilitation solution would most likely have an
impact on the motor behavior of the user, what would work for whom, in what context, and how. We were interested in what
aspects of the system would work best to facilitate the motor behavior change associated with self-managed rehabilitation and
which user characteristics and circumstances of use could promote improved functional outcomes.

Methods: We used a Readlist Evaluation (RE) framework to evaluate the final prototype PSMrS with the assumption that the
intervention consists of a series of configurations that include the Context of use, the underlying Mechanisms of change and the
potential Outcomes or impacts (CMOs). We devel oped the CM Os from literature reviews and engagement with clinicians, users,
and caregivers during a series of focus groups and home visits. These CMOs were then tested in five in-depth case studies with
stroke survivors and their caregivers.

Results: While two new propositions emerged, the second importantly related to the self-management aspects of the system.
The study revealed that the system should also encourage independent use and the setting of personalized goals or activities.

Conclusions: Information communication technology that purports to support the self-management of stroke rehabilitation
should give significant consideration to the need for motivational feedback that provides quantitative, reliable, accurate,
context-specific, and culturally sensitive information about the achievement of personalized goal-based activities.

(JMIR Rehabil Assist Technol 2016;3(1):e1) doi:10.2196/rehab.5079
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Introduction

In the United Kingdom, stroke is the most significant cause of
adult disability. Stroke survivors are frequently left with physical
and psychological changes that can profoundly affect their
functional ability [1], independence[2], and social participation
[3-6]. With the global incidence of stroke set to escalate from
15.3 million to 23 million by 2030 [7] and the decrease in
mortality and rise in morbidity, more stroke survivors will be
living with long-term disability [8].

Research suggests that long-term, intense, task-specific,
context-specific, goal-oriented, variable rehabilitation that is
goa-oriented and environmentally enriched improvesfunction,
independence, and quality of life after astroke [9]. Over recent
years, there has been a contextual shift in service delivery from
hospital-based rehabilitation to the community. It is
recommended that rehabilitation should continue until maximum
recovery has been achieved [9,10]; however, the increasing
demand on services and financia constraints mean that needs
cannot be met through traditional face-to-face delivery of
rehabilitation. Radical innovation and the adoption of a
self-management paradigm need to be considered as a way to
deliver home-based rehabilitation, thereby meeting the
challenges faced in health care.

In 2007, the SMART consortium began a program of research
to develop and evaluate an Information Communication
Technology (1CT) enhanced Personalized Self-Managed System
for people with complex long-term conditions [11,12]. The
program aimed to deepen our understanding of the potential for
technology to support self-management of long-term chronic

conditions through an iterative, user-centered design
methodology focused on health and social care [13]. Three
conditions were chosen for the study—chronic pain, chronic
heart failure, and stroke—with the intent of exploring how a
multimodular system could support the three areas, with a
proposition that other long-term conditions could be integrated
into the system at a later stage. The intervention model for the
stroke system was based around a rehabilitation paradigm
underpinned by theories of motor relearning and neuroplastic
adaptation, motivational feedback, self-efficacy, and knowledge
transfer [14-17].

The SMART interdisciplinary research team applied a mix of
health, socia sciences, and user-centered design methods to
develop the Personalized Self-Management Rehabilitation
System (PSMrS) for stroke survivors [18]. The PSMrS is a
prototype ICT system integrated with home hub sensor
technology—the intelligent shoe—devel oped to enable stroke
survivorsto self-managetheir rehabilitation to achieveidentified
life goals specific to them (Figures 1-3). While other wearable
devices are available, the sensored insol e was deemed to be the
most appropriate as walking re-education and foot placement
are key components of a stroke rehabilitation program. Data
from the sensors give feedback to usersthrough screens (Figure
3) designed with stroke survivors to depict balance and heel
strike as a percentage of normal values. The aim of this final
aspect of the research program wasto understand the conditions
under whi ch this technol ogy-based rehabilitation solution would
most likely have an impact (outcome) on the motor behavior
of the user, what would work for whom, in what context, and
in what way.

Figure 1. The PSMrS home hub for stroke survivors with insole and data logger providing walking feedback through the PSMrS.
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Figure 2. Screenshots of the PSMrS user interface.
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In order to enhance and strengthen our previous research, we
used a Readlist Evaluation (RE) approach [19] to evaluate the
final prototype of PSMrS, prior to a feasibility pilot study, in
order to explore in depth the value, usability, and potential
impact such technology could have on an individua’s ability
to self-manage their rehabilitation following a stroke.
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Realist evaluation is a well-recognized methodology with its
roots in philosophy, socia sciences, and evauation methods.
To conduct realist evaluation, it is hecessary to assume that the
program (or in this case the PSMrS intervention) consists of a
series of configurationsthat include the context, the underlying
mechanisms of change, and the potential outcomes or impacts.
Realist evaluation is underpinned by theory described as a set
of prepositions about the nature of change that is predicted, as
well as the hypothesis that change can be maintained by the
action of particular mechanismswithin particular contexts (eg,
the proposition that a simple touch-screen computer interface
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can motivate people even with low or no computer literacy to
usethe system for monitoring their health in the context of their
home).

This methodology also tries to explain those contexts that are
“conducive’ or “resistant” to change[20]. Any redlist evaluation
must fully engage stakeholders, clinicians, stroke survivors, and
caregiversin the generation of theoriesto be tested through the
evaluation and the identification of subsequent working
hypotheses that then drive the evaluation process. An overview
of the realist evaluation plan adopted in this research is
summarized in Figure 4.

The overall evauation questions for this research were what
works, for whom, why, in what way, and under what
circumstances? In the case of the PSMrS, we were interested
in what aspects of the system would work best to facilitate the
motor behavior change associated with self-managed
rehabilitation and which stroke user characteristics and
circumstances of use could promote improved functional
outcomes.
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Figure 3. User feedback for symmetry and heel strike datafrom insole.
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The theories to be validated through the realist evaluation
processwere generated through literature reviews together with
empirical data collected in the earlier work [18,21,22]. These
theories were then validated or refuted through individual and
focus group interviews conducted with patients/caregivers and
health professionals as described below. There were a number
of theories that we wished to explore in this aspect of the
evaluation; for example, the theoretica models of
self-management  rehabilitation that are amenable to
technological solutions, the implications of motor behavior
change mechanisms such as neuroplasticity and how they can
betaken into account in technology development, and the extent
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to which technology can facilitate a shift in responsibility for

the management of care from the professional to the stroke
survivor.

The theories generated a number of hypotheses/propositions,
to be explored rather than tested:

1. Specific eements of self-management can be successfully
promoted through the use of technology designed for this
purpose.

2. Thistechnology can helpindividualsrelearn motor behavior
by encouraging achievement of personal functional goals
and repetition of key motor activities within those goals.
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Thetechnology facilitates partnership working between the
user and others to achieve self-management.

The stroke PSMrS gives users the opportunity to perform
exercises as much as they can through repetition and
providesthem with tail ored feedback. Both these attributes
can promote motor relearning and neuropl astic adaptation.
The technology can enable usersto interpret physiological
data through motivational feedback screens.

By mastering (mastery) the tasks involved in
self-management programs and being provided evidence

Figure4. Anoverview of the realist evaluation plan.
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of this through real-time feedback on performance, users
develop confidence (self-efficacy) that then leadsto amore
active role in the management of their condition.

In accordance with the realist evaluation methodology, the
process of hypothesis validation and generation were followed
by operationalization of the hypothesesinto mechanism, context,
and outcome configurations (CMOCs). These were explored,
refined, developed, and tested through practitioner and
participant engagement.
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Recruitment and Participant | nvolvement

All participants were recruited via health services and deemed
to befit tojoin the study by the referring physiotherapist. Ethics
approval was obtained through the Leeds Ethics committee
(08/H1306/46), and informed consent was obtained before the
system was deployed to participants homes. All participants
had to be able to comprehend written English, not have
significant cognitive impairment, and be clinically stable. The
stroke survivors needed to be willing and able to use the

http://rehab.jmir.org/2016/1/el/

RenderX

equipment and report back on their experiences to the research
team. Specific inclusion criteriafor participants were that they
did not have any communication problems that would
significantly impede comprehension or have severe hemiplegia
to the extent that they were not able to get up out of the chair
independently.

Participants’ demographic characteristics and baseline clinical
data were recorded at the outset (see Table 1). The stroke
survivors were also interviewed qualitatively before and after
the period of installation about their views and experiences.
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Table 1. Patient demographics.

Participant Ageof patient/ ageof Sideaffected  Timesince Computer experience? Ableto comprehend  Walking aid

caregiver stroke written English
17 63/57 R hemi 13 months ++ Yes None (FES)
23 7373 L Hemi 18 months + Yes Frame and tripod
(FES)

33 45/44 R Hemi 18 months +++ Yes None (FES)

34 60/60 L Hemi 15 months ++ Yes None (FES)

35 42/44 R Hemi 12 months ++ Yes None (FES)

&+ denotes the amount of computer experience.

Information collected from the deployed systems were
transferred and stored using anon-identifying format on aserver
hosted at one of the partner universities. The security and
privacy of data between the stroke survivor's devices and the
server were protected using two methods. The first wasto keep
the data private by anonymizing all of the data so that sensitive
information was never transmitted across the Internet. The
second was to store the information in a secure manner;
information was stored on a university server that was held in
a secure room under lock and key and behind a firewall. In
addition, the server was aso active only during the realist
evaluation and was disconnected from the Internet once the
realist evaluation was completed. Technical support was
available over the telephone and by researcher follow-up visits
where necessary during office hours.

Five people with stroke were recruited from either Sheffield
Community Intermediate Care Services or the Assessment and
Rehabilitation Centre while they were still receiving
rehabilitation. The engagement of therapists at this service was
obtained through an initial focus group where the technology
was explained and demonstrated together with the requirements
for participant involvement (local agreement for access has
already been obtained). Participants were identified during the
period of community rehabilitation by the therapists, with the
anticipation being that the PSMrS would be integrated into the
standard stroke care pathway prior to discharge from the stroke
service or wherethey were still engaged in active rehabilitation.

http://rehab.jmir.org/2016/1/el/

The treating physiotherapist in partnership with the stroke
survivor personalized the system and the stroke survivor (with
or without their carer) practised using the system under
supervision within the rehabilitation center. The service
participants were then encouraged to continue using the system
for up to 4 weeksindependently at home. The participantswere
advised to contact ahealth care professiona if any health issues
arose during the deployment period. A researcher wasavailable
by telephone if technical difficulties arose during the 4-week
period.

Conducive Context

In order for the mechanisms underpinning the PSMrS to work,
anumber of generic contextual conditions had been previously
identified [21,23]. The system had to bereliable, accurate, and
robust; be adapted and personalized to the individual personal,
environmental, and social context of the stroke survivor; be
accessiblein the home setting; be person-centered (customized
for theindividual) and used independently of the therapist; and
provide the user with adequate resources to enable them to
understand and have knowledge about their stroke and
rehabilitation processes.

Examples of what some of the contexts, mechanisms, and
outcomes (CMO) for the PSMrS are provided in Table 2. This
combination of theory, hypothesis generation, and devel opment
of CMOC was the foundation work for the evaluation; arealist
evaluation demands a synthesis of qualitative and quantitative
methodol ogy.
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Table 2. Context mechanisms outcome configurations for the PSMrS.
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Some plausible mechanisms (why)

Some potentia contexts (who/in what circum-
stances)

Some possible outcomes

M1: By using the PSMrS, users will gain a sense of
task mastery which might increase their confidence.

M2: By using the PSMrS, users will be facilitated to
set specific, measurable, attainable, realistic, and time-
specified goal s that might promote more responsibility
towards their rehabilitation.

M3: By using the PSMrS, users performing selected
exercises in the home and repeating these exercises
might lead to users’ devel oping knowledge about car-
rying out stroke rehabilitation in the home environ-
ment.

M4: By using the PSMrS, users have problem-solving
opportunities that might lead to the successful
achievement of goals and attribution of successto
users' personal abilities.

M5: The use of the PSMrSwill facilitate thetrandation
of physiologica data, which might enable the user to
interpret their symptoms.

M#6: The use of the PSMrS might encourage increased
intensity of practice with consequential neuroplastic
changes.

C1: A system that provides rewarding feed-
back as aresult of improved symmetry and
heel strikes.

C2: A system that is used by a participant
wherethey continue to desireimprovement(s)
and those improvements are achievable.

C3, C3a: A system that can be used in the
home and has specific goals and exercises
that can be carried out within the home/do-
mestic environment.

C4: A system that enables usersto set and
achieve personal goals through shared deci-
sion-making between patients and profession-
als.

C5: A system that translates physiological
data through feedback.

C6: A system that provides individualized
motivational feedback on the achievement of
walking skill.

O1: Increased confidencein the user’s ability
to carry out everyday tasks. Measure: Qualita-
tive data

02: Increased self-efficacy and ownership of
their rehabilitation. Measure: Qualitative data

O3: Context-dependent/ place-based and cul-
turally meaningful rehabilitation. Measure:
Qualitative data and quantitative datafrom the
TELER quiz style indicator.

O4: Increased users agency and their active
roles in self-management. Measure: Online
data sources from insole and qualitative data.

05: An understanding of symptomsand change
in symptoms throughout the usage of the sys-
tem. Measure: Qualitative dataand quantitative
online data sources from insole.

06: Increased functioning and achievement of
improved walking skill. Measure: Online
guantitative data sources from insole.

Observation of Context, Mechanism, and Outcome
Configuration

Our goal was to gather both qualitative and quantitative data
before, during, and after participant interaction with the
technology. The quantitative data gathered before, during, and
after the technol ogy deployment enabled usto observe changes
in physical activity, specifically walking ability, and quality
and changes in knowledge levels. To achieve the latter, a
measure called TELER Quiz style outcomeindicators was used
[24-26]. Quantitative walking data on heel strike, gait speed,
and symmetry was recorded online from the sensors in the
intelligent shoe during the time stroke survivors used the PSMrS.
The amount of walking activity was also measured in order to
provide data to support the proposition around neuroplastic
adaption and intensity of practice. We also applied a measure
of technology usability, the System Usability Scale (SUS) [27].

In order to ensure that the quantitative gait data gathered from
the insole was valid, providing accurate and reliable results,
two approacheswere adopted. Inthefirst instance, the hardware
and sensor technology consisted entirely of off-the-shelf
products that were then integrated into the PSMrS in a novel
way. This ensured that the technology complied with European
Union safety, health, and environmental requirements. In
addition, there were assurances that the manufacture has
produced a product that wasfit for purpose and had been through
rigorous manufacturing processes such as quality assurance and
testing. Second, aconsistent hardware configuration was adopted
in relation to sensor deployment, as any deviation from this
template would have serious implications on accuracy and
repeatability of results.

http://rehab.jmir.org/2016/1/el/

Finally, qualitative and quantitative analysis was carried out
across all participant cases to establish whether the theories
underpinning the personalized self-management system had
been supported or refuted [28] and to what extent the
intervention had created change in user behavior. Due to the
extensive amount of information gathered during the evaluation,
this paper reports only the qualitative data with the quantitative
data reported el sewhere [29].

Data Analysis

The focus of the qualitative analysis was based on both the
exploration of the pre-existing context and the devel opment and
refinement of the hypothesized CMOC using thematic analysis
[30-32]. Thisinnovative approach to the analysisdraws on Yin
[30], Miles and Huberman [33], and Patton [34] and is
underpinned by the principles of realist evaluation [19].

This approach allowed for themes to emerge from the data and
examines interconnections and relationships between the
mechanisms and contexts in relation to proposed outcomes
[31,32,35].

Results

The next stage of the realist evaluation cycle (see Figure 3)
involvesthe specification phase where findings are synthesized
and presented as refined CMO configurations to answer the
question, “What works for whom and in what circumstances
and ways?’ [19,20].
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What Work Works for Whom, and in What
Circumstances and Ways?

Data analysis reveasthat in order to achieve desired outcomes
through the use of computer technology, a number of
issues—such asthe technology itsdlf, the provision of feedback,
the motivation of the user and what impacts on this, and the
personal and socia environment in which the system is
used—can affect the mechani sms underpinning theintervention.
Thefollowing section will discuss each of theseissuesin detail.

Technology

Thelimitationsof PSMrSand the SMART insole had animpact
on the usage of the system. Users relied on their caregiver to
don the anklet, three of the five experienced Internet connection
difficulties, the system required re-booting due to freezes, and
the on/off switch wasfragile and subsequently needed replacing:
“It's quite fiddly to get the devices around the ankles and the
insoles could do with being stiffer” (Participant 17) and “I
always set off on my walking with my heart in my mouth
thinking ‘isit going to work?!” (Participant 23).

Due to storage and accessibility issues, 3 users suggested that
they would have preferred alternative devices to view their
feedback such as a tablet or smartphone: “that [PSMrg] is a
little bit cumbersome...if that could have been a laptop or an
iPad size where you could put it somewhere. You could hold it
on your knee” (Participant 35).

Feedback

Receiving feedback following performance was of particular
importance to the users. More specifically, the provision of
accurate, reliable quantitative Knowledge of Results (KR)
feedback of goal attainment (ie, 100% hed strikes) affected
users’ motivation to use the system: “Having anumerical result
to what you're doing helps because it is very easy to see that
you've got an improvement” (Participant 23).

All of the users described how being able to make visible the
invisible, observe their improvement, and track progress over
timewas of great importance. Thiswould not only indicate that
they are continuing to make improvements but they are also
“returning to normality.” They were therefore using improved
scores as recovery markers: “ It makes mefeel like I’'m making
progress. I'm going down that road to full recovery. | know full
recovery is never going to happen but | just keep saying to J
I’ve passed another milestone” (Participant 23).

However, trusting the PSMrS and the scores provided affected
their usage. For example, one of the users suggested that the
system provided unexpected results: “you might not walk
perfectly but the machine says that you're doing quite well!”
(Participant 17).

Interestingly, 2 usersreported practicing walking around without
the SMART insole in their shoes so that when they used the
insoles, they might get a better score: “I got it down in the low
thirties...so without the sensors on we did an exaggerated
heel—toe, the next timethe score had improved alot” (Participant
23).

http://rehab.jmir.org/2016/1/el/
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M otivation

Motivation emerged as being related to feedback in that the
scores obtained following performance focused their
determination to improve. The users expressed their desire to
strive for better scores following feedback: “I shouldn’'t be
satisfied until 1'm in the green and that little man pops up”
(Participant 23).

Notably, because they had a score for their performance, the
users were able to involve significant others, which reinforced
behavioral change. This would involve caregivers and family
members expressing their admiration for the improvements
made, which would instill alevel of mastery and confidence.

Researchers were interested in the consequences of negative
feedback, that is, how they would respond if they received a
poorer scorethan previously achieved. However, al of the users
suggested it increased their determination: “It made me want
to do it again, to better it!” (Participant 35).

However, anumber of negative factors affected the motivation,
such as fear of failure (users would practice without the shoe
to ensure they achieved a better score) and self-awareness of
their limitations (they were aware of how far they could walk,
the risk of faling, environmental obstacles, fatigue, and the
concerns of caregivers/family members).

Furthermore, the caregivers also influenced user motivation.
Caregivers had safety concerns that the stroke survivor would
push themselvestoo far in an attempt to achieve greater scores:
“I’m getting more relaxed with it than | was when | thought
b****y hell, what's she doing!!” (Caregiver 35).

Self-M anagement

A number of self-management principleswere observed during
testing. These included problem-solving whereby users would
make a conscious effort to change their movements to obtain
higher scores, promoting self-efficacy through mastery,
involving others in the process of rehabilitation to reinforce
behavior change, and utilizing resources (using the system and
its componentsto improve): “1t makesme feel like I’m making
progress. I'm going down that road to full recovery” (Participant
23) and “Oh I'm confident yes, yes! Just little things likein a
morning when I’'m at the wash basin in the bathroom | do free
standing now as a matter of course” (Participant 23).

Two users described how close family members noticed their
improvements, which provided encouragement and reinforced
their efforts to continue striving for improvements. Participant
35 described how she was able to open the door for her
grandchildren when they had come to visit:

My nanna look at my nanna!” And it's what | used
to do whenever they used to come. | used to go to the
door and open the door for them. And I’d done it
again, hadn’'t 1? And he [son] said it really did them
good to see you do that! [Participant 35]
Occasionally [granddaughter] says to me that I'm
getting like the grandma that | used to be...she tells
me know that I'm getting back to where | was.
[Participant 35]
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Context, M echanism, and Outcome Configuration
Refinement

This research aimed to test and refine intervention theories by

Mawson €t d

exploring the complex interactions of contexts, mechanisms,
and outcomes. Table 3 sets out the refinement of pre-existing
CMOCs and highlights the changes following the observation

of these CMOCs.

Table 3. Refinement of CMOC following observations and analysis.

Some plausible mechanisms (why)

Some potential contexts (who/in what circum-
stances)

Some possible outcomes

M1: By using the PSMrS, users will gain a sense
of task mastery which might increase their confi-
dence.

M2: By using the PSMrS, userswill befacilitated
to set specific, measurable, attainable, realistic,
and time-specified goalsthat might promote more
responsibility towards their rehabilitation.

M3: By using the PSMrS, users performing sel ect-
ed exercisesin the home and repeating these exer-
cises might lead to users devel oping knowledge
about the importance of carrying out stroke reha-
bilitation in the home environment for recovery.

M4: By using the PSMrS, users have problem-
solving opportunities that might lead to the suc-
cessful achievement of activities/goals and attri-
bution of successto users' persona abilities.

M5: The use of the PSMrS will facilitate the
trandlation of physiological data, which might
enable usersto interpret their symptoms.

M®6: The use of the PSMrS might encourage in-
creased intensity of practice with consequential
neuroplastic changes.

C1: A system that provides rewarding feedback
asaresult of improved symmetry and heel strikes.

C2: A system that is used by a participant where
they continue to desireimprovement(s) and those
improvements are achievable and that provides
accurate, reliable, quantitative KR feedback of
goal attainment.

C3: A system that can be used in the home and
has specific goalsand exercisesthat can be carried
out within the context of the home/domestic envi-
ronment and provides meaningful feedback fol-
lowing goal-based activity; C3a: A system that
can be used in the home and has specific goals
and exercises that can be carried out within the
context of the home/domestic environment.

C4: A system that enables usersto set and achieve
personal goals through shared decision-making
between patientsand professionals; C4a: A system
that encouragesindependent use in the home and
to set personal goals.

C5: A system that translates physiological data
through feedback.

C6: A system that provides individualized accu-
rate, reliable quantitative motivational feedback
on the achievement of specific tasks.

OL1.: Increased confidencein the user’s ability
to carry out everyday tasks. Measure: Quali-
tative data

0O2: Increased self-efficacy and ownership of
their rehabilitation. Measure: qualitative data

O3: Context-dependent/place-based and cul -
turally meaningful rehabilitation. Measure:
gualitative data; O3a: An awareness of the
need to carry out rehabilitation

O4: Increased users agency and their active
roles in self-management taking action
(practicing). Measure: Online data date
sourced from insole; Qualitative data

05: An understanding of symptoms and
change in symptoms throughout the usage of
the system. Measure: Qualitative data; online
data sources from insole.

06: Increased functioning and achievement
of life goals. Measure: TELER, online data
sources from insole.

Discussion

Principal Findings

This realist evaluation set out to explore the conditions under
which thistechnol ogy-based rehabilitation solution would most
likely have animpact (outcome) on the motor behavior of people
with stroke, what would work for whom, within ahome context,
and in what ways the system would have an impact. The
pre-existing CM Oswere based on theories of motor relearning,
neuroplastic adaptation, and behavior change, specifically on
the theories underpinning self-efficacy and the relationship
between changes in self-efficacy and self-managed behaviors.
The findings of the study confirmed the origina CMOs and
further highlighted two emerging propositions related to the
context of use together with two new outcomes that were
recorded in the qualitative transcripts.

The first proposition, which is perhaps to be expected, relates
to the need for the system to be reliable and accurate in terms
of providing quantitative feedback to the stroke users. The
results suggest that thisfeedback should be about the attainment
of goal-based activitieswith aspecific emphasis on “knowledge
of results.” The second proposition to emerge was related to

http://rehab.jmir.org/2016/1/el/

the self-management aspects of the system. The study revealed
that the system should also encourage independent use and the
setting of personalized goals or activities. The stroke survivors
identified the importance of goals using the words “activities”
and “goals’ interchangeably.

The outcomes identified from the data were first related to the
users’ agency and their active role in self-management, where
it emerged that “taking action” independently was animportant
outcome. The second related to “knowledge gain” where users
became aware of the need to carry out rehabilitation in order to
achieve their identified goal. This finding links well to the
pre-existing CMO where the need for context-dependant and
culturally meaningful rehabilitation had been identified as an
outcome.

We suggest two implications that this study may have for both
clinical practice and research. First the findings suggest any
system that purports to support the self-management of stroke
rehabilitation should give significant consideration to the need
for motivational feedback that provides quantitative, reliable,
accurate, context-specific, and culturally sensitive information
about the achievement of personalized goal-based activities. A
second implication is the role that complex interventions such
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as the PSMrS could have in changing knowledge and attitude
to lead to behavior change. The PSMTS is a systems change
intervention with complex effects in which contextual factors
such as a network of relationships, as illustrated in this study,
play asignificant role in how the intervention is used and how
sets of interdependent factors affect an individual’s decision to
use the system [36].

Conclusions

The research consortium will take this confirmation of theory
and development of new propositions and recommendations
into the development of the next iteration of the system prior
to the implementation of robust popul ation-based eval uation of
a defined technology. This will test the effectiveness of the

Acknowledgments

Mawson €t d

system in the promotion of self-managed rehabilitation and
recovery.
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components are available to be deployed on a personal computer
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the adoption of mobile computing continues to grow and
dominate the market place. Therefore, plans for future work
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devices offer more flexibility and can operate in a wide range
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future randomized controlled trial would be more easily
controlled.
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SUS: System Usability Scale
TELER: system for making and presenting clinical notes on a patient so that they can be used to establish the
effectiveness of the treatment or care
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Abstract

Background: Balance assessment and training is utilized by clinicians and their patients to measure and improve balance. There
is, however, little consistency in terms of how clinicians, researchers, and patients measure standing balance. Utilizing theinherent
sensorsin every smartphone, amobile application was devel oped to provide amethod of objectively measuring standing bal ance.

Objective: Weaimed to determineif amobile phone application, which utilizesthe phone’ s accel erometer, can quantify standing
balance.

Methods: Three smartphones were positioned simultaneously above the participants malleolus and patella and at the level of
the umbilicus. Once secured, the myAnkle application was initiated to measure accel eration. Forty-eight participants completed
8 different balance exercises separately for the right and left legs. Accelerometer readings were obtained from each mobile phone
and mean acceleration was cal culated for each exercise at each ankle and knee and the torso.

Results: Mean acceleration vector magnitude was reciprocally transformed to address skewnessin the data distribution. Repeated
measures ANOVASs were completed using the transformed data. A significant 2-way interaction was revealed between exercise
condition and the body position of the phone (P<.001). Post-hoc testsindicated higher accel eration vector magnitude for exercises
of greater difficulty. ANOVAS at each body position were conducted to examine the effect of exercise. The results revealed the
knee as the location most sensitive for the detection of differences in acceleration between exercises. The accelerometer ranking
of exercise difficulty showed high agreement with expert clinical rater rankings (kappa statistic>0.9).

Conclusions: The myAnkle application revea ed significantly greater accel eration magnitude for exercises of greater difficulty.
Positioning of the mobile phone at the knee proved to be the most sensitive to changes in accelerometer values due to exercise
difficulty. Application validity was shown through comparison with clinical raters. As such, the myAnkle app has utility as a
measurement tool for standing balance.

(JMIR Rehabil Assist Technol 2016;3(1):e4) doi:10.2196/rehab.4511

KEYWORDS
mobile application; telemedicine; postural balance; sports medicine; mobile phone

: visual, and musculoskeletal systems|[1,3]. Improving standing
Introduction balance has become a critical component of rehabilitation and
Balance is defined as the body’s ability to remain steady with has gai ned much attention in sports medicine as both preventive
minimal sway and with the center of gravity over a base of of and restorative for lower limb injuries. Balance training is

support [1,2]. Balanceis defined asthe body’s ability not tofall ~ Utilized for injury prevention, performance enhancement, and
by integrating the activities of the vestibular, somatosensory, for rehabilitation from sport-related and physical-activity-related
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injuries [1,4,5]. There is, however, little consistency in terms
of how clinicians, researchers, and patients measure standing
balance [1,6,7].

One commonly used method of assessing standing balance in
sports medicine is the Balance Error Scoring System (BESS).
The BESS shows inter-rater reliability ranging from poor to
good, depending on how the evaluators were trained to score
the BESS[8,9], aswell as poor validity to detect subtle balance
differences[8]. To improvereliability and validity, force plates
are used in research to measure standing balance[10,11]. Force
plates do not rely on clinical scoring and they have high
test-retest reliability [12,13]. However, force plates are generally
expensive and inaccessibleto most cliniciansand patients[6,14].

As a cost-effective and more accessible aternative,
accelerometersare used to measure standing balancein athletes
and nonathletes [14-16]. An accelerometer can be worn on the
body to quantify human movement [14] by measuring movement
in the x, y, and z axes. Body-worn accelerometers have
demonstrated concurrent validity and high test-retest reliability
when compared to force plates [14-16]. Some researchers have
suggested that dueto their portability, low-cost, and their ability
to quantify human movement in natural and clinica
environments, accelerometers are superior to force plates for
quantifying standing balance [14-17].

Given patients' poor accessibility to and understanding of
current measures of balance, it is not entirely surprising that
these measures areignored by individual s undergoing treatment
for impaired balance. Additionally, the literature points to poor
patient compliance with rehabilitation exercises [18]. Perhaps
increasing patients' understanding of what is being measured
and their ability to track their own progress would address part
of the compliance issue. Astechnology advances, devices such
as accelerometers become more affordable and more widely
available. In fact, every smartphone contains an accel erometer.

Table 1. Baance conditions (in the order they were tested).
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As such, the authors have designed a mobile phone app,
myAnkle, that utilizes the built-in accelerometer to quantify
standing balance.

The aims of the current study areto: (1) determine whether the
app can distinguish between balance exercises of varying
difficulty on afirm or foam surface; (2) compare various bodily
locations for the mobile phone and their effects on measuring
standing balance; and (3) assess the validity of the myAnkle
app, asrated by expert clinical raters.

Methods

The study protocol was approved by the Office of Research
Ethics at the University of Toronto. Participants were recruited
using posters within an athletic facility and a sports medicine
clinic at a university, by verbally soliciting interested
participants from varsity teams and, subsequently, by snowball
sampling.

Subjects

Fifty participants were recruited for the study. Two participants
halted testing of their own accord due to fear of injury;
ultimately, 48 participants completed the full testing protocol.
Reported results reflect the 48 participants who completed the
full protocol. All participants were between 18-30 years old
(mean = 22 years; SD = 2.5 years). Twenty-one males and 27
femalesweretested with the myAnkle app on 8 different balance
conditions separately for the right and left lower limbs (Table
1).

All participants were free of ankle, hip, knee, and lower-back
injuries at the time of testing and had not sustained any injuries
for a least 1 month prior to testing based on self-report.
Demographic data for participantsincluded in the analyses are
summarized in Table 2. Informed consent was obtained from
all participants prior to testing.

Balance Condition Eyes Open Surface
Double leg stance, feet apart Yes Ground
Double leg stance, feet together Yes Ground
Tandem (1 foot in front of the other) Yes Ground
Single leg stance Yes Ground
Single leg stance No Ground
Double leg stance, feet apart Yes Foam Board
Single leg stance Yes Foam Board
Single leg stance No Foam Board
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Table 2. Demographics.
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Characteristic

Age, y, mean (SD)
Height, cm, mean (SD)
Weight, kg, mean (SD)

Physical activity?, d, mean (SD)
Physical activity? hr, mean (SD)

Gender

Handedness

Kicking foot

22 (2.5)
175 (9.7)
72.57 (1.29)
5.08(1.2)
11.33(5.5)

Mae 21

Female 27

Varsity 33

Nonvarsity 15

Right 43

Left 4

Both 1

Right 45

Left 3

83l f-reported average days or hours of physical activity over the past year over 7 days.

Exercises

Eight balance exercises were selected representing a gradation
of exercise difficulty including firm or foam surfaces and with
the participants eyes open or closed (Table 1). Exercise
selection was based upon areview of the literature and a pilot
study we performed with 8 subjects.

Clinical Assessment of Exercise Difficulty

To obtain clinical rankings of the 8 balance exercises, 8
clinicians (3 physical therapists and 5 athletic therapists) were
asked to rank the exercisesfrom easiest to hardest. Theclinicians
were blinded to the results of the study and had an average of
12 years of clinical experience working in a sports medicine
environment. Each clinician was provided with 1 full-page
picture of each balance condition as well as the foam surface
used in the testing and asked to rank the exercises using their
clinical experience.

http://rehab.jmir.org/2016/1/e4/

Testing Protocol

All testing was compl eted by the primary author. Threeidentical
mobile phones were strapped to the participant’s body using a
commercialy available, Velcro arm band for mobile phones
(Figure 1). Additional Velcro was sewn onto the armband to
extend the circumference such that it would accommodate the
mobile phone being strapped above the knee and around the
umbilicus.

No participant had prior knowledge of the testing protocol and
each was given verba instructions prior to each balance
exercise. For al of the “eyes open” conditions, the participant
was instructed to fixate on a black “X” located on awall 437
cm from the participant. Participants were counterbalanced for
the starting leg of testing. The rest periods between balance
exercises and between right and left legs were 30 seconds and
3 minutes, respectively.
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Figure 1. This picture shows the position of the mobile phones, participant testing position (hands on the hips), and the foam board used for balance
testing. Threeidentical mobile phoneswere utilized. The first phone was positioned so that its lower edge was above the talocrural joint line, the second
soitslower edge was above the superior midline of the patella, and the last so its center was at the level of the subjectA¢4, -4, ¢s umbilicus. All subjects

wore shorts and a t-shirt with no shoes or socks, as depicted.

~

Accelerometer

The LG Optimus One (P500h), which utilizes Google’'s mobile
platform Android 2.2 (also known as Froyo), was utilized for
all testing. The mobile phone weighed 129 grams and its
dimensions were 113.5 mm long, by 59 mm wide, by 13.3 mm
deep. The mobile phone accel erometer was triaxial, measuring
acceleration inthe x, y, and z axes. The accel erometer sampled
at a rate of 14-15 Hz, the result of hardware limitations.
Consequently, between 420-450 raw measurements were
collected for each exercise on each of the 3 axes.

Calibrating the Accelerometer

Each of the 3 mobile phones was calibrated once at the start of
the study. The purpose of the calibration was to adjust for any
static bias of the accelerometer. Static bias isthe inaccuracy in
the accelerometer readings when the phone is immobile. The
accelerometer measures in both the positive and negative
directionsfor all 3 axes (ie, x+, x—, y+, y—, z+, z-). The static
bias affects each of the 6 directions independently to varying
degrees. Each phone was calibrated using the following
procedure:

1. The mobile phone was placed on a stable, level surface so
that 1 of the axes was vertical.

2. Accelerometer measurementswere recorded for 30 seconds.

3. Stepsland 2wererepeated for all 6 directions(ie, for each
side of the mobile phone).

http://rehab.jmir.org/2016/1/e4/

RenderX

A correction factor (C) for each direction for each phone was
obtained by dividing the acceleration dueto theforce of gravity

(9.81 m/s?) by the mean of all the samplesin agiven axisplane,
both positively and negatively. For example, if the mean of all
samplesin the x+ direction was 9.95, then Cx+ =9.81/9.95 =
0.986. A total of 6 correction factors were derived for each
phone. The specific correction factors for a given phone were
applied to each of the 420-450 raw measurements collected by
that phone for each exercise performed.

Mean R Calculation

Each accel erometer measurement comprises 3 values, 1 for each
axis (ig, x, y, and z). The values were first corrected for static
bias using the correction factor as described above. For example,
if the raw x-axis value (x_raw) of ameasurement was positive,
the corrected value (x_corr) would be x_corr = X_raw x Cx+.
Likewise, if the value was negative, then x_corr = x_raw x Cx—.
Once the corrected value was applied, the magnitude of the
resultant vector (R) was calculated for each of the 420-450

measurements as sqrt(x_corr’+ y_corr®+ z_corr?). The metric
mean R is the average magnitude of the 420-450 resultant
vectors. The mean R variable was then used as an index of
balance for all subsequent analyses. A Perl script was used to
calibrate, correct, and calculate all mean R values.
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Statistical Analyses

In order to assess the consistency of clinicians' ratings of
exercise difficulty, pairwise weighted kappa statistics were
calculated for each combination of rater pairs. Further, pairwise
kappa statistics were cal cul ated between each clinical rater and
the accel erometer device, providing ameasure of devicevalidity.

The calculated mean R variable described above was used in
all subsequent statistical analyses. The observed values were
initially assessed with respect to their distribution. In the event
of a non-Gaussian distribution, various data transformations
were utilized and characterized. Repeated measures analysis of
variance (ANOVA) was then conducted with 3 within-subject
variables (eg, exercise condition, leg tested, body position of
phone) and 1 co-variate (eg, participant’s sex). Post-hoc
comparisons with Bonferroni correction for multiple
comparisonswere then conducted to tease apart any interactions.

Results

Distribution of Mean R Data

Data were collected and classified according to exercise
condition, leg tested, and body position of phone. With 8
exercise conditions, 2 legs tested, and 3 body positions for the
phones, this resulted in a total of 48 individual cells of data.
Examination of the calibrated and corrected mean R data
revealed a non-Gaussian distribution for the majority of the 48
cells. A reciprocal transformation (1/mean R) was then
implemented for all observations. Thereciprocal mean R values
represent the time required in secondsto reach a given vel ocity.

Shah et a

Thereciprocal transformation rendered the distribution for most
of the cells reasonably bell-shaped but 2 cells continued to
exhibit bimodal distributions. The 2 cells with bimodal
distributions were examined in further detail. The data were
separated into 2 groups via a median split. The data were then
examined for group differenceswith regardsto the demographic
(eg, sex, handedness, foot dominance), anthropometric (eg, foot
length), and clinical measures (eg, number of injuries, physical
activity) collected. Chi-square analyses for both cells revealed
asignificant effect of participant sex (\%(1,48) = 6.857 (P<.01);
A%(1,48) = 30.561 (P<.001)). With participant sex used as a
covariate in subsequent ANOVAS, residual distributions
appeared bell-shaped.

Independent Clinical Assessment of Exercise Difficulty

Using an 8-point scale where 1 is least difficult and 8 is most
difficult, 8 independent therapists individually ranked the 8
bal ance conditions based upon their clinical experience of each
condition’s difficulty (Table 3). Pairwise weighted kappa
statistics were calculated for all combinations of the therapists
for atotal of 28 values ranging from 0.88 to 0.98, indicating
high accordance between raters.

The myAnkle app rankings of exercise difficulty wereidentical
for each body location (ie, ankle, knee, torso). Pairwise kappa
statistics assessing concordance between the device ranking of
exercise difficulty and expert rankings reveal ed values ranging
from 0.9 to 1.0. With all kappa values above 0.8, this was
interpreted as good agreement between the device and clinical
experts[19].

Table 3. Therapist and myAnkle difficulty ranking of the 8 balance conditions.

Assessor Difficulty Ranking

1 2 3 4 5 6 7 8
Therapist A DL? FTP TANS sLst FDL® sLsef FSLs? FSLSE"
Therapist B DL FT sLs FDL TAN FSLS SLSE FSLSE
Therapist C DL FT TAN sLs FDL FSLS SLSE FSLSE
Therapist D DL FT FDL TAN SLs FSLS SLSE FSLSE
Therapist E DL FT TAN FDL sLs FSLS SLSE FSLSE
Therapist F DL FT FDL sLs TAN SLSE FSLS FSLSE
Therapist G DL FT TAN FDL sLs SLSE FSLS FSLSE
Therapist H DL FT FDL TAN SLs SLSE FSLS FSLSE
myAnkle (R) DL (80) FT(6.9) FDL (60) TAN(46) SLS(25)  SLSE(1.2) FSLS(0.9) FSLSE(0.5)

DL : double leg stance on ground, feet apart

BFT: double leg stance on ground, feet together

®TAN: tandem (1 foot in front of the other)

dsLs: single leg stance on ground

®FDL: double leg stance on foam, feet apart

fsLsE: single leg stance on ground, eyes closed

9FSLS: single leg stance on foam

PFSLSE: s ngle leg stance on foam, eyes closed

IMean reci procal R values for the myAnkle app at the knee location.

http://rehab.jmir.org/2016/1/e4/

JMIR Rehabil Assist Technol 2016 | vol. 3 |iss. 1 |e4 | p.18
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES

Effects of Exercise Condition, Leg Tested, and Body
Position of the M obile Phone

A repeated measures ANOVA was conducted on reciprocal
acceleration valueswith 3 within-subject variables (eg, exercise
condition, leg tested, body position of phone) and 1 co-variate
(eg, participant’s sex). A significant 3-way interaction was
revealed between exercise condition, leg tested, and body
position of the phone (F(14,644) = 19.490, P<.001).

As noted in the introduction, our primary questions of interest
included: (1) whether myAnkle is capable of differentiating
balance performance on exercises of varying difficulty and (2)
at which body location should the mobile device be positioned
for maximal detection. In light of our research foci and the
identified 3-way interaction, we first explored the issue of
laterality by examining the laterality-exerciseinteraction at each
body location. A significant interaction wasfound for the ankle
(F(7322) = 13.021, P<.001) and knee locations only (F(7322)
= 16.098, P<.001). The effect of exercise at each leg-body
position combination (ie, right leg-torso, left leg-torso, right
leg-knee, |eft leg-knee, right leg-ankle, left leg-ankle) from
separate, univariate ANOVASs with 1 within-subject variable
(eg, exercise condition) and participant’s sex as a covariate
reflectsthisfinding also. Table 4 presents exercise and residual
sums of sguares for each ANOVA.

The exercise sum of squares values provide an estimate of
variation due to different types of exercise while residual sum
of squares values provide an estimate of unexplained variation.
Residual variahility for the ankle location was higher than that
of either the knee or torso, indicating the ankleto be alessideal
location for the smartphone.

In the case of the more difficult exercises (ie, single leg stance
on ground, eyes closed; single leg stance on foam; single leg
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stance on foam, eyes closed), higher raw acceleration values
were observed. As a consequence of the reciproca
transformation (1/mean R), any potential differencesin detection
sensitivity between the different body locations for these more
difficult exercises would be obscured.

Thus, separate, univariate ANOVA were completed including
only these 3 exercises with 1 within-subject variable (eg,
exercise condition) and participant’s sex as acovariate for each
leg-body position combination (ie, right leg-torso, | eft |eg-torso,
right leg-knee, left leg-knee, right leg-ankle, left leg-ankle).
Reciprocally transformed datawere used due to anon-Gaussian
distribution of the raw data for these 3 exercises. The general
finding was that the exercise sums of squares values for the
ankle and kneelocationswere comparabl e; however, theresidual
sumsof squaresvaluesfor the anklelocation were dightly lower
than those of the knee but at the cost of possibly increased
asymmetry between the left and right ankle and the practical
cost of necessitating amove of the mobile phone during testing.
Refer to Table 5 for detailed results.

The repeated measures ANOVA also revealed a significant
2-way interaction of exercise condition by body position
(F(14,644) = 14.151, P<.001). In post-hoc analyses of this
interaction, we see a significant effect of exercise at all 3 body
position locations (P<.001); the largest effect of exercise was
at the knee. Based upon these findings, we contend that the knee
appears to be the best location at which to position the maobile
phone to detect differences in balance performance across
exercises. Refer to Figure 2 for the mean values.

In summary, wefind that the mobile app can distinguish between
exercises of varying difficulty and that the knee location overall
maximally detects balance differences.

Table4. Sums of squares for univariate ANOVA model s—exercise condition and residual—at each body location (P<.001 for al locations).

Leg-Body Position Sum of Squares Exercise

Sum of Squares Residual

Right leg-torso 754.168
L eft leg-torso 785.728
Right leg-knee 1062.591
Left leg-knee 1183.151
Right leg-ankle 767.891
Left leg-ankle 621.819

237.958
259.915
159.272
178.214
337.189
265.445

Table 5. Sums of squares for univariate ANOVA models—exercise condition (eg, single leg stance on ground, eyes closed; single leg stance on foam;
single leg stance on foam, eyes closed) and residual—at each body location (P<.001 for all locations).

Leg-Body Position Sum of Squares Exercise

Sum of Squares Residual

Right leg-torso 7.527
L eft leg-torso 9.676
Right leg-knee 3.510
Left leg-knee 3.122
Right leg-ankle 5.337
Left leg-ankle 2.949

19.605
18.576
6.572
7.047
4.795
3.505

http://rehab.jmir.org/2016/1/e4/

JMIR Rehabil Assist Technol 2016 | vol. 3 |iss. 1 |e4 | p.19
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES

Shah et a

Figure 2. Mean reciprocal R values. A significant 2-way interaction between exercise condition and body position (P<.001) was identified. Mean
reciprocal R values and standard error of the mean values are reported for each exercise condition for each body position.
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Discussion

Principle Results

There are 2 unique contributions that this study makes in the
area of balance research. Firstly, we have demonstrated that a
readily available form of software, namely amobile phone app,
can be utilized to quantify standing balance and can differentiate
between exercises of varying difficulty. Our study concurswith
other balance research that indicates poor balance on a foam
surface as compared to a firm surface and with the eyes closed
compared to eyes open [6,7,9].

Second, we have shown that the optimal location for measuring
standing balance using alow-cost accelerometer is at the knee,
as opposed to the trunk, as suggested by previous researchers
[14-17]. The majority of researchers who have utilized
accelerometers have placed them at the approximate center of
mass of the individual over the L3-4 lumbar spinous process
[14-17]. This would measure trunk acceleration while
performing balance exercises. Unfortunately, unless the
individual’s balance is chalenged significantly or the
accelerometer has ahigh sampling rate, there can belittleto no
trunk movement detected by an accelerometer. Since our
population was relatively young, healthy, and athletic and our
accelerometer had alow sampling rate of 14-15Hz, we assumed
that measuring at the trunk would not produce robust results
for the easier balance conditions. Thus, we decided to measure
at thetrunk to stay consistent with previousresearch, at the knee
as a midpoint between the ankle and the trunk, and the ankle
since we assumed that the accel erometer would obtain the most
robust measures due to the degree of perturbations around the
ankle. Previous researchers have utilized accelerometers that
sample at between 40-2000 times per second (40-2000HZz)
[16,20,21]. Dueto our low-cost accelerometer and low sampling
rate, we wanted to determine the optimal placement of the
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mobile phone to obtain meaningful measurements of the
subjects’ balance. It is interesting to note that most mobile
phones released after 2013 have sampling rates of at least
150-200 times per second [22]. This seems to suggest that as
mobile phone technology advances and the embedded
accelerometersimprove, myAnklemay be ableto provide more
robust measures of standing balance. Of note, for more difficult
exercises, the ankle location may provide greater detection
sensitivity but this would be at the cost of potentially greater
asymmetry between the left and right legs. A recent study
evaluating a mobile application for home monitoring of
Parkinson’s disease also utilized a mobile device strapped to
the patient’s ankle to conduct a walking and turning test [23].
In terms of ease of application and feasibility for patients, the
ankle may be the preferred location for self-monitoring of
balance and gait.

The degree of difficulty of all 8 balance conditions, as
determined by independent clinician rankings, showed high
agreement with the ranking results of myAnkle. This is
suggestive of strong validity for the application when compared
with clinical judgement.

Comparison with Prior Work

Accelerometers are utilized in research and clinical settings to
measure standing balance and gait patterns, compare injured
versus uninjured subjects and older fallers versus nonfallers;
test balance ahilities of patient’s with Parkinson’s disease; and
classify human movement and sport performance
[14-17,20,21,23,24]. Previous research has established that
balance measurements performed using research-grade
accelerometers show concurrent validity when compared to
both force plates, clinical balancetests, clinician raters and they
aso demonstrate test-retest reliability[14-17,20,24]. Based on
previous studies, it is clear that the use of an accelerometer to
measure balance is not a novel concept. What is novel about
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this study isthe use of amobile phone app to quantify standing
balance. Five previous studies have utilized a mobile phone to
quantify human movement in the context of rehabilitation. The
first utilized a mobile phone to classify different sporting
activities, the second to assi st with Gaze Stabilization Exercises,
and thethird to test the validity of its measurementsto the Timed
Up and Go test [25-27]. The 2 most recent publications also
utilize a mobile device's inertia sensors to perform home
monitoring of frail elderly and to measure aspects of gait and
turning in subjects with Parkinson’s disease [23,28].

Mobile phones and apps are becoming ubiquitous throughout
theworld. Infact, it isestimated that in 2012, of those who own
amobile device over 40% of European adults and 50% of US
adults owned a smartphone [29]. On a global scale, it is
projected that smartphone users will reach 2 billion by 2016
[30,31]. Thiswidespread use of mobile phones and smartphones
has |ed to the emergence of mobile health or mHealth.

The field of mHealth has emerged as a way for patients to
monitor their own health and for health care providersto monitor
and provide remote assessment and treatment for their
patients—especially for those in resource-constrained areas
[31]. The potential benefits of mHealth include being remote,
patient-centered, and cost effective, as well as the ability to
improve research and health outcomes, reduce health carevisits,
allow patients to self-manage chronic disease, and empower
patients with information and to measure body functions that
previously required specialized equipment and/or a health care
provider [32,33]. The pace of mHealth devel opment and uptake
is moving very fast; however, one of the main critiques of
mHealth is that growth has far outpaced the outcomes and
research that validates its use as a health care tool [31,32]. An
mHealth app review in October 2013 stated that there are
currently 43,000 health care apps available for download from
the US Apple iTunes app store, but the majority only provide
information and have very simple and limited functionality [34].
Researchers are recommending increased input from health care
providers and patients for mHealth initiatives, as well as more
rigorous evidence-based research in the field of mHealth to
demonstrate its efficacy as a health care tool [31-33].

With the emergence and popularity of mHealth, the current
paper suggests a method of measuring standing balance that
takes advantage of the capabilities of a mobile phone while
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addressing some of the recommendations and limitations of
mHealth identified in theliterature. The myAnkle app can bridge
the gap between how balance is measured by the clinician, the
researcher, and the patient. It can empower patients to
understand and measure their standing balance and, in thefuture,
improve compliancewith their rehabilitation for balance deficits.
The myAnkle app can a so provide the clinician with amethod
of assessing and tracking standing balance that is easy to
perform in the clinical setting without expensive equipment or
additional training.

A key aim of thisapp isto make balance measurement aswidely
accessible and usable as possible. The mobile phones utilized
were purchased for $160 CAD each, and the armband can be
obtained online from $5 to $30 each. One of theinitial barriers
to the widespread use of this app wasthe requirement of offline
post-processing of the data. However, the latest version of
myAnkle, which can be downloaded for free from the Google
Play Store, performs all data processing in real-time without
the need for post-processing.

Study Limitations

The main limitation of this study is that myAnkle's balance
measurement was not compared to a gold standard such as a
force plate or aresearch grade accel erometer that wastested for
validity and reliability. The measure was also not compared to
a visua scale, which could enhance its clinical applicability.
The next phase of research and testing of myAnklewill involve
testing the app concurrently with aforce plate and avisual scale
to determine concurrent validity and reliability. We also plan
to test the app on multiple mobile phones to determine if the
app isreliable when used concurrently on different devices.

Conclusions

The myAnkle app measured significantly greater mean
acceleration values for balance conditions of greater difficulty.
The myAnkle app also showed foam surface and eyes closed
bal ance exercisesto be more challenging compared to the same
exercises on the ground or with eyes open, with the knee
location asthe optimal site for measuring standing balance. The
myAnkle app demonstrated strong validity as compared with
expert clinical ratings. These resultsindicate that myAnkle may
have wider utility as a measurement tool for standing balance
in clinical, research, and home settings.
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Multimedia Appendix 1
Screenshot of the main screen.

[PNG File, 78KB - rehab v3iled appl.png]

Multimedia Appendix 2
Screenshot of the exercise selection screen.
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Multimedia Appendix 3
Screenshot of the exercise instruction screen.
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Multimedia Appendix 4
Screenshot of the exercise results screen.
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Multimedia Appendix 5
Screenshot of the progress screen.
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DL : double leg on ground, feet apart

FDL : double leg on foam, feet apart

FSLS: single leg stance on foam

FSL SE: single leg stance on foam, eyes closed
FT: double leg on ground, feet together

R: resultant vector

SL S: single leg stance on ground

SL SE: single leg stance on ground, eyes closed
TAN: tandem (1 foot in front of the other)
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Abstract

Background: People with Motor Neuron Disease (MND), of which amyotrophic lateral sclerosis (ALS) is the most common
form in adults, typically experience difficulties with communication and disabilities associated with movement. Assistive
technology is essential to facilitate everyday activities, promote social support and enhance quality of life.

Objective: This study aimed to explore the types of mainstream and commonly available communication technology used by
people with MND including software and hardware, to identify the levels of confidence and skill that people with MND reported
in using technology, to determine perceived barriersto the use of technol ogy for communication, and to investigate the willingness
of people with MND to adopt alternative modes of communication.

Methods: An on-line survey was distributed to members of the New South Wales Motor Neuron Disease Association (MND
NSW). Descriptive techniques were used to summarize frequencies of responses and cross tabulate data. Free-text responses to
survey itemsand verbal comments from partici pants who chose to undertake the survey by tel ephone were analyzed using thematic
analysis.

Results: Responses from 79 MND NSW members indicated that 15-21% had difficulty with speaking, writing and/or using a
keyboard. Commonly used devices were desktop computers, laptops, tablets and mobile phones. Most participants (84%) were
connected to the Internet and used it for email (91%), to find out more about MND (59%), to follow the news (50%) or for on-line
shopping (46%). A third of respondents used Skype or its equivalent, but few used this to interact with health professionals.

Conclusions: People with MND need greater awareness of technology options to access the most appropriate solutions. The
timing for peoplewith MND to make decisions about technology iscritical. Health professional s need skills and knowledge about
the application of technology to be able to work with people with MND to select the best communication technology options as
early as possible after diagnosis. If people with MND are willing to trial telehealth technology, there is potentia for
tele-consultations via Skype or its equivalent, with health professionals. People with MND can benefit from health professional
involvement to match technology to their functional limitations and personal preferences. However, health professionals need a
comprehensive understanding of the application of available technology to achieve this.

(JMIR Rehabil Assist Technol 2016;3(1):€2) doi:10.2196/rehab.4017
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Introduction

The loss of the ability to communicate by speech, facia
expression or hand gestures is one of the most devastating
aspects of motor neuron disease (MND) [1]. Communication
difficulties affect the majority of people with MND at some
stage of the disease, and as such, assistive technology is essential
for enabling them to continue with their everyday activities[2].
Likewise, telehealth and online communications are often
important lifelines when leaving home or travel becomes too
risky or difficult.

This article reports on an exploratory survey of people with
MND about their use of communication technology, including
generic and assistivetechnol ogy. Assistivetechnology isdefined
broadly as any piece of equipment that is used to increase,
maintain or improve function for people with disabilities [3],
and will include communications technology. In the context of
rapidly changing technology, public debate about telehealth,
and projects such as the rollout of the National Broadband
Network (NBN) in Australia, this project aimed to identify the
current use of technology by people with MND, their attitudes
towards technology use and how technology supports their
communication needs.

Literature Review

Motor Neuron Disease and the Needs of People With
Disabilities When | dentifying Technology Solutions

Motor neuron diseases (MNDs) are a group of progressive
neurological disordersthat destroy motor neurons, the cellsthat
control essential voluntary muscle activity such as speaking,
walking, breathing, and swallowing. In adults, the most common
MND is amyotrophic lateral sclerosis (ALS), also known as
Lou Gehrig's disease. It is a degenerative condition
characterized by damage to the motor neurons in the brain
cortex, brainstem & spinal cord, and can involve both upper &
lower motor neurons. Commons symptom include muscle
wasting of the hand and feet muscles leading to foot drop,
weakness and atrophy of the lower and upper limbs,
fasciculation or involuntary muscle twitching, bulbar signsin
the muscles of the palate, pharynx, & larynx leading to
swallowing and speech problems. Generally, intellect, memory,
sight, hearing, touch and taste remain intact, unlessan individual
isaffected by fronto-temporal dementia. AL S affects adultsand
usually more men than women with an average age of onset of
58 years, usually when people are at highly active stages of their
lives. Life expectancy istypically short (around 20-48 months)
after diagnosis, combined with rapid loss of function, making
the implementation of technology solutions very urgent [4,5].

Being able to create an optimal match of the needs of a person
with adisability with technology solutions as early as possible,
and involvement of the consumer in decision-making about the
selection of the assistive technology solution are both essential
for a successful outcome [6]. Such processes may help prevent
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the high levels of dissatisfaction with and non-use of technology
solutions by people with disabilities [7]. This can be a very
complex process, as the availability and development of
potential technological solutions are constantly expanding, and
reactions to physical and sensory changes associated with a
disability have to be accommodated. Individual personalities,
attitudes, past experiences, cultural values, environments,
perceived capabilities and functiona levels al have to be
considered [8]. Thisis particularly true for technology to assist
with communication, but people with MND are also likely to
be faced with technology usein other areas of their lives, such
as mobility, daily living tasks and home modifications.
Therefore, the early use of technology has to be balanced by
adjustments of peoplewith adisability, aswell asissuesof grief,
loss and identity.

Communication Needs and Solutions for People With
MND

Due to the inconsistency of symptoms and the speed of
deterioration in function, many people with MND are
unprepared for the disabling loss of communication and the
need to use assistive technology for communication [9]. The
individua level of functional disability affecting communication
and individual capahilitiesto use technology solutions are both
likely to change throughout the progression of MND. This
complicates potential intervention decisions and increases the
learning demands for people with MND [10]. Augmentative
and alternative communication (AAC) is defined as any mode
of communication other than speech and includes low-tech as
well as electronic communication devices[9]. Research on the
attitudes and acceptance of the use of AAC and other technology
in arange of communication settings is limited. However it is
not uncommon for usersto utilize more than one access strategy
[11].

Literature indicating preferred communication hardware for
people with MND is limited. Online forums for people with
MND indicate a preference for lightweight, portable options,
particularly the iPad or tablet computer. The most common
difficulty of these devicesis their inability to support adaptive
equipment, so their useful life spans are short [12]. Current
communication technology options include speech synthesis
software for desktop, laptop and tablet computers, portable
amplifiers, digital recorders, email and message boards [13].
Although there are several high-tech adaptive devices to use
with computers such as SmartNav, eyegaze technology and the
brain-computer interface [14], they all require extensive user
training. The challenges with eye gaze interfaces are shared
with other interfaces. For instance, the eye gaze technique is
reported to be inaccurate in the selection of small objects,
effortful and difficult to master, as well as being difficult to
calibrate and expensive [15].

Peoplewith MND have reported that communi cation technology
is essential to develop and maintain social closeness, and this
is more important to them than the transfer of information to
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express needs and wants [11,16,17]. As a result, low-tech
solutions may be adopted over high-tech equipment in many
instances.

One common platform that can be used for social contact or to
access health interventions is Skype (a voice over Internet
protocol, or VoIP platform, with video capability). However, a
review of research concluded there was no firm evidence in
support of or against the use of Skype for telehealth [18].
Regardless of the platform chosen, the use of telehedth is
expected to double in the next decade [19]. The advantages of
VolIP include lower costs of providing care within the client’s
own environment. The disadvantages include privacy, security
and confidentiality risks [20,21], technological challenges and
barriers to access such as cost, lack of access to Internet, low
end-user technological literacy and confidence [22], and the
preference of some clients for face to face consultations [23].
Telehealth has been used for assessment and rehabilitation in
speech pathol ogy, with clients reporting high satisfaction with
the process [24]. Some consumers are also willing to adopt
eHealth solutions despite some chalenges in service
dissemination [25].

Unfortunately, sometimes access to the appropriate information
to engage with communication technology is particularly
difficult for those who need it most [26]. Certainly the trend
towards an “information society” brings the risk of awidening
gap between those with access to technol ogy and those without
[26]. The Australian government NBN rollout is expected to
extend the use of telehealth to aged, palliative and cancer care
services as mainstream consultation options [27]. While the
health system movesinto theinformation age, it is assumed that
consumers are keeping up with the pace.

Literature highlights the importance of early education and
decision making about communication technology in recognition
of the need and potential of various devices for people with
MND [9,11]. Caregivers, family, doctors and allied heath
professionals are recognized as important contributors to this
process, which should begin well before AAC is needed as a
substantial communications support. Ultimately, consumer
resistance may be the biggest challenge in achieving AAC
solutions for people with MND. The use of a device for
communication is perceived by some as “giving in” to the
disease, and reflects a constant reminder of what the person has
lost [9].

Therefore, this exploratory study aimed to investigate the types
of technology (hardware and software) used by people with
MND to communicate, their confidence and skill levelsrelating
to technology, their perceived barriers to the use of technology
for communication and their willingness to modify or update
modes of communication, especialy when interacting with
support organizations and health professionals.

Methods

A cross-sectiona self-administered online survey was devel oped
as a time and cost-efficient method of gathering data from
peoplewith MND who may have motor and speech difficulties.
The survey was distributed to the Motor Neuron Disease
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Association of New South Wales (MND NSW) members. MND
NSW is a non-government organization that supports people
with MND throughout NSW, and is the peak body representing
the interests of people with MND in New South Wales. Ethical
clearance was obtained for the study from the University of
Sydney Human Research Ethics Committee.

Survey

The researchers completed a 26-module Web-based MND
training course for professionals prior to devel oping the survey
[28] to ensure they fully understood the key issues for people
with MND. The 20-item technology survey encompassed three
major themes: communication technology devices including
AAC (eg, desktop and tablet computers), information sourcing
(eg, Internet, social media) and communication methods (eg,
email, VolP). The objective was to collect detailed, specific
data across a wide spectrum of topics without tiring the
participants, so many questions had multiple tick box options.
The draft survey was tested amongst the authors and piloted
with informal contacts before being reviewed by MND NSW
staff with expertisein the needs of peoplewith MND. Thefinal
survey contained 18 closed-ended questions, each with space
for free text comments, and 2 open-ended questions for free
text responses at the conclusion of the survey. The survey can
be seenin Multimedia Appendix 1. SurveyMonkey was chosen
asthe platform for the Web-based delivery of the survey system.

Study participants were given a choice of response methods
depending on their preferences and capacity: (1) completing
the survey online, independently, (2) completing and returning
amailed hard copy of the survey or (3) verbally responding to
guestions with a researcher by telephone. Questions were
identical across all response methods.

Procedure

MND NSW members who had responded positively to a
“consent to contact” question intheannual MND NSW Member
Satisfaction Survey (N=447), were invited to participate in the
study by distribution of aparticipant information statement and
consent form by MND NSW staff. Consenting participants
indicated if they were willing to be contacted by researchers,
and identified their preferred method of contact on a consent
form. MND NSW staff distributed hard copies of the survey
and reply-paid envelopes to participants requiring them, and
sent an email to participants requesting the link to the
Web-based survey. MND NSW staff provided researcherswith
the contact details of participants requesting a telephone
interview to complete the survey. The survey remained open
for 2 weeks.

All MND NSW members who were living with MND were
eligible to participate. Carers were also eligible if they spoke
on behalf of the person with MND.

Data analysis

Survey datawere downloaded in Excel, coded, and entered into
SPSS. Descriptive statistics were used to summarize frequencies
and cross tabulations. Free text data or participant responses
from telephone interviews to the open ended questions were
consensus coded and analyzed using thematic analysis[29].
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Results

Of the 93 members of MND NSW who consented to be
contacted, 57 requested the online survey link, 27 requested a

Table 1. Responsesto the survey.

Mackenzie et d

phone survey/interview and 9 requested a postal survey. A total
of 79 completed surveys were returned. Of these, 70% (55/79)
responded on line, 27% (21/79) responded by telephone
interview and 4% (3/79) by mail. See Table 1 for further details.

Survey delivery method Members agreeing to be contacted Surveys completed
Mailed 9 3

Accessed online 57 55

Telephone 27 21

Total 93 79

The MND NSW membership was 447 at the time of the survey
and 79 responses represented 20% of the total membership. As
the survey was anonymous, we were unable to determine the
characteristics of those members who did not participate in the
study.

Characteristics of Survey Respondents

Respondent age, gender and geographical distribution closely
aligned to the overall MND NSW membership (see Table 2).
However, there was an under-representation of those diagnosed
within the previous 6 months (4.3% of respondents compared
with 12.1% of the MND NSW membership) and an
over-representation of those diagnosed for 3-5 years (21.7% of
respondents compared with 14.5% of MND NSW membership).

Use of Communication Technology

Most respondents (66/79, 84%) indicated that they used some
form of aid or equipment for speaking and/or typing and/or
handwriting, and Table 2 indicates the range of equipment used
across these 3 communication modes. Of those surveyed, 4
respondents were unable to communicate in any mode (Speaking,
writing or typing), without assistance. Table 3 shows that more
respondents aged 50-69 had impairments across the
communication modes. Fewer respondents aged 70 and over
were using any aids or equipment for communication.

Technology and Devices Used

Most respondents (65/79, 82%) owned either adesktop or laptop
computer, and 21% of thetotal group (16/79) owned both. There
were no differences in usage between rura and urban
respondents. The remaining 18% of respondents (14/79) did
not have accessto acomputer in their home, and noneindicated
that they were borrowing either a desktop or laptop computer.
Tablet computers were used by 33% (26/79) of respondents.
Most tablet ownerswerefemale (17/26, 65%), and 5 respondents
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indicated they had adesktop computer but would prefer alaptop
or iPad.

Webcams were the most popular assistive device, used by 10
respondents (see Table 2). Freetext and verbal comments were
provided by 57 respondents about devices used to augment
speech. Of these, 9 respondentsindicated they used speech Apps
(such as Speaklt, Verbally, Prolo2go and Saylt) and 2 used
computer programs (Natural Soft and E-triloquist). Speaklt was
the most frequent app identified by name by 5 respondents.
These appsand programswere used on arange of devices. Laser
head pointers and hands-free computer mice were used by 3
respondents, while 5 indicated they used boards or cards to
assist with communication.

Internet use

The majority of respondents (66/79, 84%) had access to the
Internet at home, with 94% (74/79) having a broadband
connection; 8 respondents did not have Internet access. Of these,
4 were aged over 70, 2 were 60-69 and 2 were 50-59, with half
of them reporting they did not have the physical ability to use
a desktop computer. One person commented that they used the
National Relay Service via the Internet and 1 respondent
commented their iPad use had changed since obtaining a
PocketWifi, stating, “Fantastic. Can use my iPad when away
from home. Previously only used iPed for Speakit application.”

Many respondents (n=54) indicated that they had used the
Internet for email (49/54, 91%), to find out more about MND
(32/54, 59%), news (27/54, 50%) and online shopping (25/54,
46%). Respondents reported an increase in time spent on the
Internet since their MND diagnosis (23/54, 43%). Two
respondents commented that the Internet was a way to fill in
timeastheir physical ability becamerestricted by MND, making
statements such as “It's a pretty big part of filling my week
now. I'd be pulling my hair out with boredom without it” and
“Inactivity has meant more time for using the Internet”.
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Table 2. Characteristics of survey respondents (N=79).

Survey (N=79) MND NSW Members (N=447)
n % n %
Gender (n=79)
Mae 41 52 257 575
Female 38 48 190 425
Location (n=68) 2
Metropolitan 37 55 256 57.3
Regional 8 12 70 15.7
Rural 20 29 93 20.8
Interstate 3 5 28 6.2
Age (n=70)2
<40 2 3 17 38
40-49 5 7 39 8.7
50-59 18 26 77 17.3
60-69 21 30 137 30.6
=70 24 34 177 39.6
Length of MND diagnosis
<6 months 3 4 55 122
6-12 months 12 17 52 11.6
1-3years 23 33 152 34.2
3-5years 15 22 66 14.5
>5 years 16 24 122 275
Needing help or equipment with communication tasks
Speaking (n=66)? 32 a
Handwriting (n=61)2 28 17
Typing/keyboard (n=58)2 27 16
Technology being used (n=61) &P
Desktop or fixed computer 32 52
Laptop or notebook computer 33 54
Tablet (eg, iPad) 26 43
Mobile phone 49 80
TTY phone 2 3
Light writer 6 10
Message mate 1 2
Assigtive technology being used (n=14) P
Webcam 10 71
Laser head pointer 3 21
Hands free computer mouse 3 21
Switch adaptation 2 14
Trackball computer mouse 1 7
Eye gaze 1 7
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Survey (N=79) MND NSW Members (N=447)
n % n %
Specialized mounting 1 7
Sour ces of advice about technology (n=64) ab
Family 44 69
Friends 29 45
Internet 27 42
MND Association 20 31
Speech therapist 18 28
Occupational therapist 9 14
GP 6 9
8Some respondents did not answer &l the survey items
bReﬁpondents could select more than one response
Table 3. Age and selected survey responses (N=79).
Under 40 40-49 50-59 60-69 70+
n % n % n % n % n %
Needing help for communication &
Speaking (n=32) 1 3 3 9 10 31 13 41 5 16
Handwriting (n=28) 2 7 1 4 10 36 13 46 2 7
Typing/ keyboard 2 8 2 8 8 30 9 33 6 22
(n=27)
Use of devices for communication 2
Desktop computer 1 3 3 9 10 31 9 28 9 28
(n=32)
L aptop/Notebook 2 6 14 42 10 30 7 21
(n=33)
Tablet (eg, iPad) (n=26) 2 8 10 39 7 21 1 27
Mobile phone (n=49) 1 2 4 8 14 29 15 31 15 31
TTY phone (n=2) 1 50 1 50
Light writer (n=6) 4 67 2 33
Message mate (n=1) 1 100
Already using email to contact others?
Neurologist (n=16) 1 6 6 38 8 50 1 6
GP (n=8) 3 33 3 38 2 2
Other medical specidist 2 40 2 40 1 20
(n=5)
Other health profession- 1 8 6 50 4 33 1 8
al (eg, OT, ST) (n=12)
MND Association 2 10 7 35 8 40 3 15
(n=20)
Other people with 1 8 6 50 2 17 3 25
MND (n=12)
Friends and family 4 10 11 28 14 36 10 26
(n=39)
83ome respondents did not answer this section of the survey.
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Advice Sources and Support Requirements

Family members were the most common source of technology
ideas and advice (44/64, 69% ) especially children (see Table
2), asillustrated in quotes such as“ | ask my kids. Our age group
is pretty illiterate about this stuff, they're useless’ and “I got
the cleaning lady’s 14 year old son to help me out with the
iPhone”.

Friends and the Internet were a so popul ar sources of technology
advice. MND NSW was selected by 31% (20/62) of respondents
as a source of support.

Of allied health professionals, speech therapists were the most
common sources of advice, followed by occupational therapists.
One respondent commented that their occupational therapist
was “redly terrific with equipment but doesn't address
technology. | could use more support in thisarea’.

Comments from 5 respondents suggested a need for more
general assistance with technol ogy, but they were not clear who
should provide this assistance, stating things such as “We are
really in need of an in-depth consultation with someonewho is
really an expertinthisarea’.

Respondentsindicated that they did not have sufficient expertise
to know good technology choices to improve their function,
and expressed frustration that there wasn't a“ one-stop shop”

for ongoing assistance. One person had been unable to use the
technology they had acquired; a caregiver stated that they “have
been supplied with the Eyegaze but am yet to try it as we are
unable to install it — we need someone to give him a

Mackenzie et al

demonstration”. An avoidance of seeking support or information,
largely due to difficulty adapting and accepting a diagnosis of
MND was expressed by 4 respondents, through such statements
as“I think thethingisitisvery early in my diagnosisso | have
my head in the sand. | sort of hope they have made a mistake”,
and “He's aware of them (apps) but doesn’t want to adapt his
lifestylein any way, he doesn’t want to acknowledge the MND.
He's afraid if he does he'll sort of go downhill”.

Confidence and Skill Level Relating to Technology

Overall, respondents were considerably more confident than
not with all forms of technology identified in the survey (Figure
1).

However, levels of confidence wererelated to age. Respondents
aged 30-49 were confident in al forms of technology, although
this age group had alow survey participation rate (n=5). Those
aged 50-70 plus (n=63) were reasonably confident using desktop
computers (47/63, 75%), laptop computers (52/63, 82%), the
Internet (51/63, 80%) and email (49/69, 78%). However, they
wereless confident in using tablet computers (39/63, 62%) text
messages (41/63, 65%) and video phones (32/63, 51%). Overall,
27% of people (8/30) identified a lack of confidence with
technical skills as a reason for not using technology, however
the response rate was low for this question (30/79, 38%).

When asked about adaptive devices, 2 respondents owned
SmartNav or alaser head pointer but were unable to use them.
One respondent had an Android tablet and an iPad, and found
the Android version more difficult to use.

Figure 1. Ratings of confidence in using technology devices for communication (N=64).
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Barriersto Use of Communications Technology

Only 30 respondents (30/79, 38%) answered survey items about
barriers to communication technology use. Of those who
responded, the most common barrier identified was a lack of
physical ability (12/30, 40%), and 4 of these indicated they had
limitations of hand or speech function. Others (5 participants)
offered comments related to their capacity to use technology,
such as “When she was able she used a button to press for
attention and a laser head pointer to type - that was fabulous.
She was able to do emails and banking when she had head
control which she no longer has’ and “The email and Internet
was a fantastic source and outlet for me when | could operate
it independently. Since my hands ceased being able to move |
have been isolated from this and have to rely on my family to
do any searches, research or emails”.

A high proportion of respondents (74/79, 93%) identified the
need for support with technology, programs, hardware and/or
adaptive equipment as abarrier to their use of technology. Cost
was selected as a barrier by 7 respondents, regardless of the
type of computer. One respondent identified the cost of apps as
aprohibitive factor, stating “1 do have them (apps) on my iPad,
but rarely use them, the good ones are expensive to purchase,
theones| havearethefreeapps’. Lack of interest wasidentified
asabarrier by 3 respondents, for instance, “He's confident with
the programs he knows but not interested in learning how to
text or email”. A lack of computer literacy was mentioned by
3 respondents.

Willingnessto Adopt Use of Technology

Respondents were asked how willing they would be to use email
and Internet video phone programs such as Skype to
communicate with health professionals and others, if provided
with the necessary equipment and skills. Overall, respondents
were likely to consider using email (53/64, 83%) and video
phone (53/64, 81%) with their friends and/or family, health
professionalsand MND NSW. Rateswerelower for the potential
of using these forms of communication with their GP, and 25%
(16/64) indicated they would never email their GP, and 33%
(21/64) would never use Skype to communicate with their GP.

http://rehab.jmir.org/2016/1/e2/
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When related to age, Table 3 indicates that email was already
used by many respondents as a communication strategy. The
lowest use of email was with GPs and medical specialists, and
only 12 (12/64, 19%) of respondents used email to contact health
professionals such as occupational therapists and speech
therapists. However, most respondents indicated they were
willing to consider the use of email to contact allied health
professionalsin the future.

The use of Skype (or equivalent) had different results (see Figure
2). Only athird of respondents already used Skypewith friends
and/or family (19/64, 30%) and fewer with their neurologist
(3/64, 5%). However no respondents indicated they used this
technology to contact other health professionalsor MND NSW.
This was in contrast to members willingness to use Skype,
which was much more positive overall (see Figure 2).

Comments were offered by 6 respondents who specified that
they preferred face-to-face communication, and were reluctant
to accept email or Skype as an aternative, making statements
such as”| have never done that and don’t think my computer
is sophisticated enough to do that. | don’t think they would want
me to do that... If they wanted me to, | guess maybe, but it
would have to be them asking me”.

Data from the question relating to confidence were compared
to that on willingness. While 12 respondentsidentified that they
were not confident in using email, only 3 indicated that they
would never email friendsand family. Thisindicatesthat despite
a lack of confidence, 9 people would be willing to email,
suggesting a need for training to close this gap. Similar trends
emerged for use of Skype or equivalent. While respondents
indicated willingness to use this technology to communicate
with a range of people (see Figure 2), only 50% (32/64)
indicated they had a level of confidence in this technology
(Figure 1). Just 10 respondentsindicated that they would never
be willing to use this to contact friends and/or family.

Tablet users (n=26) had higher email usage rates that users of
other computers and while no-onein this group was using Skype
or an equivalent technology with alied health professionals,
8% (2/26) were using it with their neurologist and 27% (7/26)
were using it with friends and/or family.
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Figure 2. Ratings of willingness to use and usage of Skype or equivalent telehealth technology (N=64).
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Preferences for Management of Communication
Technology

Freetext and verbal commentsindicated that some respondents
were unprepared for their speech losswhen it occurred, and this
was when the provision of equipment and training became
urgent. Therefore, some expressed a preference for early
technology interventions. For instance, one carer for a person
with MND noted that “I’d be agreat advocate for peopleto start
learning technology immediately, because that's the only type
of communication you're going to have. Communication is so
hard with people with MND".

When asked for additional commentsrelating to communications
technology considerably more respondents discussed their
frustrations (n=10) than the benefits (n=5). A need for additional
support was expressed by 4 respondents, while 2 felt totally
overwhelmed and 2 said they chose not to changetheir behavior
because of their disease. However, 5 respondents expressed
their gratitude for technology, and 8 respondents stated how
technol ogy was an important tool for facilitating communication
and reducing isolation, making such statements as*“ The biggest
thing for meisthat MND stops a person being independent, but
with a computer (she) was able to communicate, interact and
be very much a part of our life — so grateful that she had this
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equipment”, " Without email, typed notes and text messages |
would be unable to communicate my thoughts, wishes, and |
would be unable to take care of my own affairs’, and “To be
disabled without technology is unthinkable”.

Discussion

The study met the objectives of exploring the use of
communication technology by people with MND, their
confidence relating to technology, their perceived barriers to
the use of technology for communication and the willingness
of people with MND to adopt modes of communication or
participatein telehedth. Study results have highlighted anumber
of opportunitiesfor service providers and support organi zations
todirect their effortsin promoting communications technol ogy
for this client group.

Awarenessof Optionsfor Communication Technology

Study participantsidentified physical limitations asabarrier to
technology use, although they tended not to anticipate needing
assistance in this area. This suggests a need for greater
awareness of the benefits of technology early on following
diagnosis, aswell asknowledge of the types of adaptive devices
available. This will enable people with MND to access
appropriate technology in a timely manner. This is consistent
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with other studies suggesting that health professionals need to
prepare people with MND to recognize the need and potential
of communication technology, and these discussions should
begin as early as possible after diagnosis [9,10]. However,
involving people with MND in the decision-making about
technology use early on can be acomplex issuefor apopulation
of people where skills can rapidly decline. Raising awvareness
and providing training so that technology can be taken up may
be a solution, but the process has to fully account for the
psychosocial adjustment of people with MND to inevitable
feelings of lossand grief astheir personal identity isunder threat
[6,7]. Carers and health professionals should collaborate in
preparing peoplewith MND for thistechnology [10], and carer
involvement iscritical, as evidenced by the datafrom this study.

Any awareness-raising activities should be ongoing asindividual
needs change, and should take into account unpredictable
progression rates and different forms of MND [10], as well as
any resistance to acquiring technology. It has been suggested
that most people with MND reluctantly accept the need for
medical equipment to manage MND, however communications
technology is seen as “giving in” [11]. This sentiment was
echoed by the survey respondents. Many peoplewith MND and
their families may develop their own successful, no-tech
solutions for dealing with communication loss [17]. Despite
difficulties with distance or mobility and potential solutions
using communication technology, many individualswill always
prefer face-to-face communication [23].

Use of Skype or Equivalents and Telehealth
Technology

Thewillingness of respondentsto use video I nternet technol ogy
to communicate with family and/or friends suggests that this
technology could also be used to ensure levels of socia
communication and support for people with MND, and to
address any isolation associated with MND. Greater social use
of this technology may or may not lead to greater acceptance
of technology for communicating with professionals. However,
such technology will support the primary objective of
communication to develop and maintain socia relationships

[17].

The findings also highlighted the willingness of people with
MND to tria telehealth technology options. High rates of
broadband I nternet connection suggest that I nternet connectivity
is not a barrier to telehealth. Some health professionals use
tele-consultations via Skype with MND clients as a practical
form of communication for this client group. Palliative care is
another clinical area that is currently a priority for national
telehedth trials and growing opportunities for remote
consultations [27]. However, study findings support an initial
face-to-face visit prior to implementing this technol ogy.

Implementation of telehealth technol ogy would requiretraining
for health professionals both around the use of the technology
and the ethical issues surrounding remote consultations. A
randomized controlled trial demonstrated that remote
consultations were less acceptabl e to patients than face to face
visits, and security issues remain a barrier to expansion of
telehealth [20,21,23]. Despite access to the Internet and a
willingnessto try video I nternet technol ogies, findingsindicated

http://rehab.jmir.org/2016/1/e2/
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that people with MND lack the confidence and/or skillsto utilize
these technologies, so further training and support is needed.

Communication strategies

Study participants already interacted with technology to some
extent, as the majority of surveys were completed online, and
participants indicated the use of many communication
technologies. This suggests that the use of Web-based
communication for people with MND should be developed
further, and the Internet provides opportunities to deliver
education and support. Streaming sessions such as webinars
with MND experts could offset any inaccurate online
information related to MND [30]. Online support groups could
be aworthwhile strategy for people with MND and their carers
who, dueto personal preference and/or the effects of MND, are
unable to attend a face-to-face support group. While such
technology cannot fully replicate the support of face-to-face
meetings, it may be avaluabletool to supplement meetings and
ensure inclusion of remote or isolated people with MND.

Findings also demonstrated that people with MND need more
information about communication technology provided by
reputable sources, rather than searching online. Asrespondents
indicated that they did alot of online searching for information
around thetime of their diagnosis, accessto accurate and hel pful
information at this stage isimportant.

The Role of Health Professionals

Study participantswere lesslikely to access professional support
for technology than asking their family and friends. However,
the variety of devices and apps available suggests a need for
some professional support in selecting the most suitable
technology solution to fit individual circumstances. The
challenge for health professionals is ensuring that awareness,
referral and interventions are appropriately timed so that
technology adoption is more likely [11]. Findings suggest that
people with MND are using arange of communication options
from very basic to high-tech solutions. Health professionals
need to recommend communication strategies that require a
minimal challenge in terms of new learning as the disease
progresses [11]. Regular review and monitoring should be
prioritized to ensure technology that is no longer useful is
replaced with appropriate alternatives.

Occupational therapists and speech therapists are considered to
be central to the process of assessing for and recommending
technology solutions for people with MND (and others), in
particular examining access to technology and capacity to
operate it (movement, reach, endurance, hand function etc),
seating, and visual and cognitive issues [5]. In order to fulfill
such roles, therapi sts need to be knowledgesbl e about the variety
of technology solutions available, both in mainstream
technology as well as more specialized applications, and how
they can be adapted for use by people with a variety of
functional and progressive limitations [30). However, there is
evidence that knowledge and skills in technology applications
are not well developed [31]. The World Health Organization
reported that health professionals were not sufficiently skilled
to manage the needs of people with chronic conditions such as
MND, with one defined skills being the ability to implement
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information and communication technology [32].While general
skillsin use of technology may have developed over the last 10
years, and new health professional graduates have skillsin socia
networking and mobile phone use, this may not transfer to
competencein implementing technological solutionsfor people
with MND [33].

Provision of electronic assistive technology is regarded as a
specialist area due to the sophistication of some technological
solutions. Successful provision aso requires the capacity to
navigate complex local systems of funding [31]. Surveys of
occupational therapistsin Ireland and the UK indicate that while
technology is viewed as an important component of their role,
many are not confident about their competence to implement
solutions, and identified training needs both at a preparation
course level and at a continuing professional education level
[31,34]. Little information is available on the competence and
practice of Australian health professionals in providing
technological interventions.

Limitations of the Study

This study used cross-sectional survey methods and therefore
could only provide information on responses to structured
guestions at one point in time. Not al survey items were
mandatory, which alowed a low response rate for some
questions. Although free-text comments were encouraged
throughout the survey, use of individual interviews may have
provided more in-depth information. The response rate to the
survey was low, and it is unclear if the 80% (358/447) of the
potential respondent pool from the MND NSW membership
who did not participate were systematicaly different to the
study samplein their use of technology. It is aso possible that
as MND NSW membership is voluntary, this organization may
notincludeall peoplewith MND in NSW. Furthermore, as 70%
(55/79) of respondents sel ected the Web-based survey, thismay
bias results to those who are aready using technology.
Therefore, the results are not generaizable to the whole
population of people with MND.

Bearing in mind the nature of the sample group, a low
participation rate could be expected, as some potential
participants may not have been able to tolerate the effort
required to respond to the survey. Thisalso raisesthe possibility
of some systematic differencesin the depth of data drawn from
telephone interviews or non-representative views from carers
responding on behalf of people with MND. However, taking
into the account the limitations of surveying this population and
giving all consenting participants the opportunity to have their
viewsincluded by whatever ethical meanswere appropriate for
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them, we can be confident that the findings do represent the
views of the sample.

Conclusion and Recommendations

The survey findingsindicated there were groups of respondents
with different needs and preferences for communication
technology. Some were early adopters of technology, with the
skills, equipment and confidence to engage with technology.
Others were willing but lacked either the confidence or skills
to use technol ogy, while some had access to equipment but were
not willing to engage with the technol ogy. For this sample, there
appearsto be aneed for ongoing training and support in the use
of technology to overcomealack of confidence or skillsinusing
the devices and software, and to maintain individuals as their
disease progresses. To achieve this would require resourcing
of technical support and expert advice. Ultimately, some people
with MND will choose not to utilize communication technol ogy,
but there is an opportunity to target those who are willing to
usetechnology but currently lack the necessary accessto devices
or skills to use them. All study participants would appear to
benefit from the involvement of knowledgeable health
professionals to create the right ongoing match between
technology solutions, functional limitations and personal
preferences.

The study results have identified recommendations for service
providersto consider when addressing the needs of peoplewith
MND:

« Development of awareness-raising activities to allow
opportunities for people with MND to adopt technology at
an early stage.

« Training in technology devices for people with MND,
particularly in the early stages of the disease, and targeted
to those who are willing to use technology but currently
lack skills or confidence.

«  Provision of information on high-quality technology options
to counter less helpful information derived from a free
Internet search.

« A forma assessment by a qualified health professional is
an important step in accessing effective solutions.

«  Opportunities for health professionals to maintain and
enhance their technology knowledge, so they can offer the
best technology solutions matched to the needs of people
with MND.

Future developments in technology are inevitable and will
continue to challenge health professionals in working with
people with MND with communication needs.
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Abstract

Background: Theinterest in applying information and communicationstechnology (ICT) in older adult health careisfrequently
promoted by the increasing and unsustainable costs of health care services. In turn, the unprecedented growth of the elderly
population around the globe has urged institutions, companies, industries, and governments to respond to older adults' medical
needs.

Objective: Theaim of thisreview isto systematically identify the opportunities that ICT offersto health services, specifically
for patients with dementia and their families.

Methods: A systematic review of theliterature about | CT applicationsthat have been devel oped to assist patientswith Alzheimer’s
disease (AD) and their primary caregivers was conducted. The bibliographic search included works published between January
2005 and July 2015 in the databases Springer Link, Scopus, and Google Scholar. Of the published papers, 902 were obtained in
the initial search, of which 214 were potentially relevant. Included studies fulfilled the following inclusion criteria: (1) studies
carried out between the years of 2005 and 2015, (2) studieswere published in English or Spanish, (3) studieswith titles containing
the keywords, (4) studies with abstracts containing information on ICT applications and AD, and (5) studies published in indexed
journals, proceedings, and book chapters.

Results: A total of 26 studies satisfied the inclusion criteriafor the current review. Among them, 16 were aimed at the patient
with AD and 10 at the primary caregivers and/or family members. The studies targeted applications that included assistive
technology (44%, 7/16), telecare (37%, 6/16), and telemedicine (31%, 5/16). The information systems (56%, 9/16) and Internet
(44%, 7/16) were the most commonly used enabling technologies for the studies. Finally, areas of attention more covered by the
studies were care (56%, 9/16), treatment (56%, 9/16), and management (50%, 8/16). Furthermore, it was found that 20 studies
(77%, 8/26) evaluated their ICT applications through carrying out tests with patients with dementia and caregivers.

Conclusions: Thekey finding of this systematic review revealed that the use of ICT tools can be strongly recommended to be
used as alifestylein the elderly in order to improve the quality of life for the elderly and their primary caregivers. Since patients
with AD are completely dependent in most activities, it is necessary to give attention to their primary caregivers to avoid stress
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and depression. In addition, theuse of ICT inthedaily life of caregivers can hel p them understand the disease process and manage
situations in away that is beneficial for both parties. It is expected that future devel opments concerning technological projects

can support this group of people.

(JMIR Rehabil Assist Technol 2016;3(1):e6) doi:10.2196/rehab.5226
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Introduction

New information and communication technologies (ICT),
including Internet and mobile technol ogy, have become essential
toolsin most sectors of modern societies, including the health
care sector. While et a have defined ICT as instruments and
procedures that allow the acquisition, production, treatment,
communication, registry, and presentation of informationinthe
form of voice, images, and data contained in acoustic, optical
or electromagnetic signals[1]. In anincreasingly aging society,
itisnecessary to establish new alternativesthat attempt to satisfy
the needs of the elderly and that, at the sametime, improvetheir
quality of life. In this context, the term electronic health
(eHealth) is widely used by many people, institutions,
professional organizations, and financial entitiesto refer to the
adoption of ICT inthefield of health care. Meier et al mention
that eHealth isan emerging field that bridges health informatics,
public health, and the private sector, and it refers to health
services and the information that is delivered or improved
through Internet and related technologies[2]. For their part, the
World Health Organization (WHO) and the Pan American
Health Organization (PAHO) define eHealth with regard to the
support provided by the cost-effective and safe use of ICT in
health and related areas, including health care services,
vigilance, and documentation, aswell as education, knowledge,
and research on health issues[3,4]. It is also important to point
out that eHealth offers a set of advantages, for instance (1)
supports information exchange; (2) improves access to health
care; (3) reduces costs; and (4) improves public and individual
health through personalized medicine [3,5,6].

The attention provided by ICT applications in the field of
medical care offers plenty of benefits for the elderly. Several
studies indicate that the most widely used technologies in
medical services are telemedicine and teleassistance [7,8], and
recently, mobile assistance is gaining more popularity [9]. For
example, the work of Cash et al discussed the use and
application of assistive technology for people with dementia,
taking into account ethical considerations. In this study,
"assistive technol ogies for smart homes, telecare, and low-level
technology" are recognized as accessible tools in the public
market [10]. On the other hand, Lauriks et a proposed the use
of ICT and Global Positioning System (GPS) technology to
assistinformal caregivers of people with dementiain their care
giving role [11]. Likewise, Evans et al performed a systematic
review to investigate how assistive technologies are being
designed to help patients with dementia and their caregivers.
They found that the use of assistive technol ogies focuses on the
support of daily activities, safety monitoring, memory aids, and
preventing socia isolation, improving the ease of living, and

http://rehab.jmir.org/2016/1/e6/

also that many elderly individuals prefer to stay at home when
aging. Thus, there is an urge to remain an independent and
functional person during the old age and assistive technol ogies
could help to achieve this[12].

However, ICT applicationsused in health services present some
limitations. One of them is that older adults are frequently
resistant to the use of new technologies, in particular to the
acquisition of new knowledge and skills necessary for the use
of electronic devices and information systems. On the other
hand, Alzheimer’s disease (AD) is the main cause of dementia
among older adults. Dubois et a indicate that AD isclinically
expressed as a slowly progressive dementia that tends to have
insidious onset and that generally starts with recent memory
failure and endswith acompletely dependent, bedridden patient
[13]. Providing care to a patient with AD can bring high
physical, emotional, and financia coststo the patient’s family,
the health care ingtitution, and the government. Likewise,
overload of the caregiver due to the demands of the patients
with AD, even more if the caregiver is an older adult herself,
can have negative repercussions on the caregiver’'s quality of
life, mainly due to psychiatric problems like anxiety and
depression [14].

From a technological perspective, both the patient and the
caregiver are more willing to assume a proactive rolein the use
of ICT with the purpose of carrying out in-home diagnoses and
treatment to improve quality of life. In this context, the
caregivers require technological tools that enable them to
provide better care as well as timely and efficient attention to
the partially or totally dependent patient. These trends have
contributed to the strong conviction that ICT can offer useful
and efficient toolsthat improve elderly patientswith AD quality
of life and, at the same time, provide a support for their family
and/or caregivers. Applications and services that are currently
being devel oped seek to facilitate quality enhancement, equality,
and access to social and medical care [11].

The purpose of this article is to integrate the knowledge we
have about older adultswith AD and the opportunitiesthat ICT
offers to health services, specifically for this group of patients
and their families. For that purpose, thisarticleisdivided in six
sections. The first section introduces the problem and provides
some basic definitions that will be used throughout the study.
In the second section, AD aswell asits relationship with aging
is defined. The third section focuses on caregivers, since these
persons have a very close relationship with patients with AD.
Inthefourth section, the most relevant | CT applicationsfor AD
patients and their caregivers are analyzed and classified
according to the typology of application, technology, and their
domain of application. The innovation opportunities provided
by ICT in the field of health care are presented in the fifth
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section. Finally, conclusions and further work are discussed in
the last section.

Alzheimer’s Disease and its Relationship With Aging

Due to the increasingly aging population, AD has become a
problem of great medical and social repercussions. Dementia
is a chronic and progressive syndrome characterized by the
deterioration of cognitive and behavioral functions causing
disability, dependency, and low self-esteem. AD is the most
common type of dementia, representing between 60-80% of
dementia cases [15]. AD is defined as a progressive
neurodegenerative disease characterized by a series of clinical
and pathological features of relative variability [16].

Considering the foreseen tendencies of global demographic
aging, it isestimated that by 2050 there will be around 2 billion
older adults (Figure 1). In 2010, there was an estimated 35.6
million peoplewith dementiaaround theworld and it is expected
that this figure will duplicate every 20 years, reaching 65.7
million and 115.4 million in 2030 and 2050, respectively [17].
The increase of dementia will be more dramatic in low and
middle income countries where more than two thirds of the
number of caseswill bediagnosed in 2050 [18]. Inthefollowing
twenty years, it isexpected that the number of people diagnosed
with dementia will increase 40% in Europe, 63% in North
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America, 77%intheLatin America(eg, Mexico and Argentina),
and 89% in developed countries of Asia-Pacific [18].

This situation is an important public health challenge, since it
represents one of the major health care and social problems
faced by public health at a global scale. For this reason, health
professionals and researchers have set out to look for aternative
solutions to provide support to this vulnerable group [18].
Similarly, associationsrelated to AD arewilling to support their
governments with timely data and information to design action
plansthat ensure high-quality assistance and support for people
with dementia and their caregivers.

In order to measure cognitive decline in older adults severa
trial tests have been designed. One of them is the Mini-Mental
State Examination (MMSE) [19]. This test consists of five
different sectionsthat include aseries of questionsand problems
related to space-time orientation, information registration,
attention, algebraic operations, recall and repetition of short
phrases, delayed memory recall, identification of everyday
objects, verbal comprehension, writing abilities and
medium-complexity drawing abilities [19,20]. MMSE , aso
caled Folstein’s Test, was modified for its application in
different countries (eg, English and Spanish versions). Older
adultsliving in rural areas are more likely to develop cognitive
decline, which is presumed to be caused by the low educational
level [21].

Figure 1. Percentage of the population aged 60 years and older in the years 2000, 2003, and 2050. Sources include the World Population Prospects,

the 2002 revision and CONAPO, Proyecciones de la Poblacion 2010-2050.
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The Primary Caregiver and her Relationship With
Alzheimer’s Disease

Patients with AD, especially those with mild and moderate
levels of dementia, receive most care in their homes from a
family member. This event is more common in developing
countries, like Mexico, dueto poor coverage of health and social
care systems.

http://rehab.jmir.org/2016/1/e6/
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The primary caregiver isthe person who attendsto the physical
and emotional needs of apersonwhoisill or disabled. Thisrole
is generally assumed by the husband and/or wife, son and/or
daughter, arelative or a person who is close to the patient. The
work of aprimary caregiver gains more relevance for the group
that surrounds the patient as the illness progresses, not only
because of the direct attention the patient requires, but also for
their role in the reorganization, maintenance, and cohesion of
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the family. Likewise, the primary caregiver assumes total
responsibility for the patients, assisting them in the execution
of al the activitiesthat they are unable to perform. Usualy the
caregiver does not receive economic support or patient care
training [22].

Family members and caregivers are the main support for any
patient. According to the literature, it has been observed that a
median average of 1.6 hours a day are invested in providing
careto patientswith AD and with other types of dementia, and
assisting them in activities of daily living such as bathing,
dressing, grooming and eating. Similarly, 3.7 hours a day are
spent in assisting them with instrumental activities of daily
living such as cooking, shopping, and domestic economies, and
7.4 hours a day are invested in general supervision [23]. All
this can significantly affect the primary caregiver by causing
stress, work overload, depression, as well as physical and
medical problems. Behaviora alterations common among people
with dementia tend to be misunderstood causing stigma, guilt,
and discomfort in caregivers.

The work overload endured by primary caregivers, once the
available resources are exhausted, can have a negative effect
on their health. Numerous works on these negative repercussions
have been published, where references to psychiatric malaise
are abundant (mainly anxiety and depression) [24]. As well,
other important repercussions have been described such as
negative effects on the caregiver's physical health [25], social
isolation [26], lack of free-time [27], poor quality of life or
deterioration of economic situation [28]. All of these factors
might contribute to what some authors call the caregiver
syndrome [14,29].

Nowadays, family members, caregivers, and health professionals
show a constant demand of technologically supported tools.
Some of the most demanded technologies are systems that
improve diagnosis and/or treatment of certain illnesses, and
systems that improve communication with the patient or that
facilitate assistance and remote monitoring of the patient with
the use of different health and social care resources. In this
context, it is important that family members and caregivers
receive socia support (ie, personal interaction, feedback,
information, and training), that allows them to understand their
role as caregivers [30]. This can be achieved by the adoption
of easy-access ICT tools. ICT can provide support to family
members and the caregiver and can even allow access to social
environments (eg, socia networks), all of which brings more
autonomy, quality of life, and social inclusion to both the patient
and the caregiver [31].

Methods

Procedure

In order to gather more knowledge on ICT applications that
have been devel oped to assist patientswith AD and their primary
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caregivers, a literature review was carried out by two of the
main authors of this paper (CIMA and PPP). While the review
was performed independently, the authors, maintained constant
communication to ensure common agreement. The literature
review was performed using a systematic review protocol.
Systematic review isamethod to evaluate and interpret relevant
research works available for analysis dealing with a topic or
phenomenon of interest [32]. At the first stage of the literature
review process, the following research questions were
formulated: (1) What modalities are currently being used for
the development of ICT applications? (2) What technologies
are most widely used at the moment of developing an ICT
application? and (3) What domains of application are mainly
covered by ICT applications? These questions allowed for the
identification of the modalities used and the technol ogies applied
for the development of such applications. In addition, they
allowed usto classify the areas of attention that are contemplated
in the development of such applications. In order to respond to
each of the research questions, the key words I CT applications,
AD, dementias, older adult, elderly, aging, and caregiver were
identified. The search strings generated in order to obtain
published works were ICT applications and AD, ICT
applicationsand older adult, and ICT applications and caregiver
and AD.

Inclusion and Exclusion Criteria

Theinclusion criteriafor the examined studies were (1) carried
out between the years of 2005 and 2015; (2) in English or
Spanish; (3) titles containing the keywords; (4) abstracts
containing information on ICT applications and AD; and (5)
published in indexed journals, proceedings, and book chapters.
Studies that were not published during the indicated period and
that did not include relevant information on ICTs applications
were excluded.

Results

Each study was analyzed taking into account the modalities,
technologies, and areas of attention that were considered in each
ICT application developed. This was done with the purpose of
identifying which areais given more coverage and which needs
to be given more attention. The following sections detail the
modalities, technologies, and areas of attention identified inthe
systematic review.

Modalities Employed for the Development of ICT
Applications
The description of the modalities considered in the devel opment

of an ICT application focused on health care are outlined in
Textbox 1.
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Textbox 1. Modalities considered in the development of an ICT application.

Modality

Telemedicine: Use of ICT to provide remote medical service (eg, teleconsultation, telehealth, telegerontol ogy, telemonitoring, tel erehabilitation,
teletherapy, and tele-education)

Teleassistance: Use of ICT to offer remote social and health care assistance to patientsin their homes (ie, basic teleassistance, video-assistance,
and telealarm

Assistive technologies: Use of technologies to provide support to individuals with a disability or with special needs (ie, ambient assisted living
(AAL), assistive technologies, virtual assistance, and domotics)

Communication: Use of means of communication to assist and/or support individuals with adisability or with limitations, and their relatives (ie,
telephony, radio, email, television, satellites)

Location: Use of means of location for the transmission of real-time location (ie, GPS and global navigation satellite system (GNSS)
Electronic services (e-services): Useof ICT to accessinformation and digital content (e-services, digital contents, electronic assistance (e-assistance))

Mobile health (mHealth): Use of mobile technology for medicine and public health practices. These applications allow data collection, medical
information delivery, real-time monitoring of patients’ vital signs, and direct health care provision.

Technologiesfor Electronic Health

In this section, enabling technologies that are most frequently
applied for the design of eHealth applications were identified
(Textbox 2).

Textbox 2. Technologies enabled for the design of eHealth applications.

Technology type and subtype

Internet

. esarvices, blogs, digital contents, Web 2.0, social networks, collaborative platforms

Information systems

«  User interface, touch screens, virtual agents

Telecommunications

«  Mobile phones, video conference, digital terrestrial television (DTT), television, satellites

Ambient intelligence

«  Ambient intelligence systems, sensors, sensor networks, wireless sensor networks, domotics

Signal processing
» Image processing, video processing, signa analysis, pattern recognition, 3D images
Robotics

« Robotic assistants

Virtua reality

«  Simulations and stimulation through consoles

Geolocation

« GPS

Areas of Attention

In order to provide a wider classification of ICT applications
developed for patients with AD and their caregivers, the areas
of attention identified are shown in Textbox 3.
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Textbox 3. Areas of attention identified in the systematic review.
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Area of attention

the needs of the patient.

can act more independently.

© N o g M~ W

1. Research (discover causes): the need to increase knowledge in order to understand the cause(s) of the disease and to provide products that meet
2. Treatment (therapy): support for individuals with AD and maximization of their capabilities through safe and effective interventions so that they

Diagnosis: timely diagnosis of AD through cognitive and brain activation exercises.

Care: provision of medical and socia carethrough theinterchange of improved practicesin carefor patientswith AD and their self-careinduction.
Prevention: action plans for AD through early intervention and epidemiologic studies.

Quiality of life: psychological support to the patient, family members, and caregivers and advice and promotion of elderly well-being.
Awareness raising and social mobilization: promotion of solidarity, mobilization and social engagement, and sensitization of public opinion.

Management (monitoring): promotion of assisting services for patients and primary caregivers.

Included Studies

The bibliographic search carried out for this study included
works published between January 2005 and July 2015. The
searched databases were Springer Link, Scopus, and Google
Scholar. A total of 902 results were obtained from the three
selected information sources. The Springer Link search was
limited to journal articlesand it returned 371 referenceswhereas
the Scopus database included conferences and journal articles
and yielded 19 results. Finaly, Google Scholar included
congress and journal articles, and book chapters, and returned
522 references. The databases selected in this review were set
to maximize the search results of studiesin Spanish.

Abstracts and titles were sufficient to rule out papers that did
not meet inclusion criteria (points 3 and 4). When it was not
clear from the abstracts and titles whether they included ICT
(inclusion criteria 4), the full paper was reviewed. References

http://rehab.jmir.org/2016/1/e6/

in the selected articles and previous published reviews were
also analyzed with the aim of identifying additional studiesthat
had not been identified through the searched databases. Using
this method, 4 Springer Link papers, 14 Scopus papers, and 8
Google Scholar papers were detected. In total, 26 studies were
obtained where 16 studies described ICT applications aimed at
patients with AD and other dementias, and the other 10
described ICT applications aimed at caregivers and/or family
members. It is noteworthy that 4 of the 26 studieswere directed
to both cases (Figure 2).

Theresults obtained from the systematic review are categorized
into the following two groups: (1) ICT applications aimed at
patients with AD and other dementias (Multimedia Appendix
1) [33-48], and (2) ICT applications aimed at the primary
caregiver (Multimedia Appendix 2) [49-58]. It is important to
point out that in each study several areas of attention and
enabling technologies were included.
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Figure 2. The systematic review carried out in this study.

Martinez-Alcala et al

Initial Search

(n=902)

l

l

Springer Link Scopus Google Academic
(n=371) (n=19) (n=522)
[ |
214 potentially

relevant

articles
() Studies in the period 2005 - 2015.
(b) Studies in English or Spanish languages
(c) Studies in the title containing keywords = :
(d) Studies in the summary containing No ShldlesiEXCIl‘dEd
information about ICT applications and AD. (n=189)
(e) Studies published in Indexed journals,
proceedings and book chapters. l Yes

Studies included in the
systematic review
(n=26)
' }
ICT applications for Both ICT applications for
patients with AD caregivers
(n=4) =

(n=16)

Research Outcomes

ICT applications used for patientswith AD and other dementias
were analyzed and the results are shown in Figure 3 and
Multimedia Appendix 1. The most commonly used application
types are assistive technology (44%, 7/16) and teleassistance
(37%, 6/16). The most commonly used enabling technologies
are information systems (56%, 9/16) and Internet (44%, 7/16).
Signa processing (6%, 1/16), robotics (6%, 1/16), virtual reality
(6%, 1/16), and geol ocation (6%, 1/16) arelessfrequently used.
The areas of attention most frequently covered are care (56%,
9/16), treatment (56%, 9/16), and management (50%, 8/16).
The areas of attention less frequently addressed are research
(6%, 1/16) and diagnosis (6%, 1/16). It is important to point
out that the studies indicated in references [38,39] are projects
previously developed in Mexico. These studies are important
because there is little evidence of these types of projects in
Mexico, to our knowledge.
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ICT applications used by primary caregivers of patients with
dementiawere a so analyzed (Figure 4,Multimedia Appendices
1 and 2). The most commonly used applications by primary
caregivers are teleassistance applications (86%, 12/14). Less
frequently used applications are mobile health (21%, 3/14),
assistive technology (21%, 3/14), and telemedicine (21%, 3/14).
The most commonly used enabling technologies are
telecommunications (71%, 10/14), Internet (64%, 9/14), and
information systems (50%, 7/14), whereas ambient intelligence
(21%, 3/14), signal processing (7%, 1/14), robotics (7%, 1/14),
and geolocation (7%, 1/14) are less frequently used. Finally,
the most covered areas of attention are care (79%, 11/14) and
quality of life (64%, 9/14), whereas management (43%, 6/14)
isless frequently used. It should be mentioned that the studies
[37-39,42] weretaken into consideration in the analysis of ICT
applications used by the caregiver.
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Figure3. Analysisof ICT applications used by patients with Alzheimer's disease and other dementias.
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Discussion

Principal Findings
The am of this review is to systematically identify the

opportunitiesthat ICT offersto health services, specifically for
patients with dementia and their families.

Here, we identified 26 studies, among which 16 presented
projects aimed at patients with AD and 10 at the primary
caregiver. From these 16 studies, 9 focused on patients with
AD (56%, 9/16), 5 (31%, 5/16) on patients diagnosed with mild
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cognitive impairment according to the (MM SE), and only one
study was focused on patientswith mild dementia. Furthermore,
it was found that 13 studies (81%, 13/16) evaluated their ICT
applications through carrying out tests with patients.

Among the studies that used assistive technologies, study [33]
was found to have carried out 46 tests with patients with mild
cognitiveimpairment, who were suspected to have AD and who
were under treatment (cholinesterase inhibitors). Results
indicated that after 12 weeks of using interactive multimedia
Internet-based system (IMIS System), along with the Integrated
Psycho-Stimulation Program (I PP), patients had improved their
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initial scores in the Alzheimer's Disease Assessment
Scale-Cognitive subscale (ADAS - Cog) and MMSE tests,
maintaining their scores during 24 follow-up weeks. Similarly,
in study [35], 8 patients with mild dementia remained stable
after using a televideo monitoring system , while the control
group, who did not use the system, showed less stability,
indicating a significant difference between the two groups.

Robert et a presented the Sweet Home ANR project, which
aims to help patients with mild cognitive impairment perform
daily living activities [41]. The tests carried out with patients
took placein rooms equipped with audio and video sensors. For
the language activities, the system was tested with 21 healthy
patients and 24 patients with AD, while the walking test was
performed with 17 healthy patients and 16 patients with AD.
In the study, they showed that Sweet Home ANR was capable
of detecting the full set of activities carried out by the patients.
Likewise, the system enabled the differentiation of patientswith
AD from hedlthy patients using the video monitoring system
(VMS) functional score. Casacci et al [47] presented the
ALTRUISM project , in which tests were carried out with 20
patientswith AD with the aim of performing remote supervision,
through a virtual personal trainer, of rehabilitation exercises
and routines executed by these patients. The results showed
important and promising data.concerning the use of ICT systems
of remote rehabilitation.

Among the studies that used teleassistance applications, we
found one written by Garcia et al [36] that presented a
multi-agent ambient intelligence system aimed at improving
attention to and health care of patients with AD living in
geriatric residential settings. Although this study did not present
an evaluation of the application through tests with patients, it
made a comparison with a former version of the system and
confirmed that ALZ-MAS 2.0 is much more robust and has
better performance than the older version.

Of the 14 studies presenting projects aimed at the primary
caregiver, including those shown in Multimedia Appendix 2 ,
it was found that 11 studies focused on informal caregivers
(family members), and 7 focused on formal ones (health
professionals). Likewise, it was found that 10 of the 14 studies
evaluated their ICT applications through tests with caregivers.

Aspreviously shown, tel eassi stance isthe most commonly used
application for caregiver support. In this context, study [50]
evaluated the effectiveness of the eCare system with family
members ol der than 21 years old who lived or were in the same
geographic area as the patient with dementia. The intervention
was carried out over a span of approximately 6 months and the
results showed a significant decrease in the family member’s
workload after using the eCare system. Similarly, it was found
that caregivers who presented depression signs at the onset of
the intervention significantly improved their state after the
intervention. Another study that showed a decrease in stress
signsin formal caregivers of patients with dementia is the one
carried out by Sugihara et al [53], where 16 formal caregivers
were interviewed in order to know the benefits of using the
Support Environment system.

Skorupska et a presented the design and implementation of a
multimedia platform called Understaid, which provides support
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to the family of patients with dementia[57]. This platform was
evaluated by 40 caregivers attending patients with different
levels of dementia. Caregivers provided information of daily
care activities, as well as the patient’s behavior through the
platform. Although results obtained from the evaluations are
not mentioned in this study, the system promises to be a useful
tool for caregivers. Another study that was validated by
caregiversisthe one carried out by Bourennane et a [42], where
they describe the experiments performed with patientswith AD
in a hospital in France. The homecare monitoring system was
tested with an 84 year resident and the follow-up was performed
by hospital personnel. Results showed that this system is
functional and that it can be used for other cases. However, two
validations are needed: (1) patients and their family members
consent, and (2) doctors' interest and the necessary arrangements
for the system connection.

Among the studies using mobile technology for the assistance
of primary caregivers, study [56] carried out semi-structured
interviews with 9 informal and 2 formal caregiversinits Phase
1. In Phase 2, 2 patients and 4 caregivers were interviewed in
order to evaluate low-fidelity prototypes of the mobileWAY
application, and in Phase 3, 5 patients and 10 caregivers were
interviewed to evaluate interaction and usability of the
application. Finally, caregiverswereinvited to answer usability
evaluations one moretime. These eval uations showed promising
results, not only in terms of general comprehension of the
mobileWAY system, but also in terms of ease of use and
potential interest in using the application in the future.

The present review demonstrates that ICT has great potential
for supporting the health care field. As we were particularly
interested in the study of AD and other dementias that are
affecting the aging popul ation, weidentified different innovation
opportunitiesthat can be designed in order to enhancethe quality
of life of older adults with dementiaand their family members.
These innovation opportunities are (1) information servicesfor
health professionals which facilitate information exchange and
enable access to knowledge on a variety of treatments and
practices, (2) more complete information servicesfor counseling
and education of patients and informal caregivers, (3)
infformation services for diagnosis, treatment and/or
rehabilitation of patients; (4) virtual communities providing
psychological support that also allow contact with health
professionals; and (5) regarding technology acceptance, the
design of strategies for the older adult to integrate the use of
ICT toolsin hig/her daily life should be considered.

Limitations

One limitation of the review is that studies were searched in
three databases (Springer Link, Scopus, and Google Scholar)
using specific search strings, so it is possible that this searching
strategy did not identify some eligible studies. In order to tackle
this, manual searches were performed in previous reviews and
key journals. Despite the exhaustive search, additional eligible
studies were not identified using this method. Another possible
limitation of this systematic review is that only documents
written in English and Spanish were considered.
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Conclusions and Further Work

According to the results obtained from the systematic review,
most | CT applications devel oped for both patientswith any type
of dementia and primary caregivers are focused on in-home
care (teleassistance). The use of ICT in older adults with
dementia can be implemented asalifestyle in order to improve
the quality of life of the elderly and their primary caregivers.
Given that AD is a degenerative disease which causes
progressive deterioration of memory, their primary caregiver's
quality of life can be undermined as the disease becomes
increasingly severe, which can cause depression in the primary
caregiver. In addition, the use of ICT in the daily life of

Martinez-Alcala et al

caregivers can help them understand the disease process and
manage situations in a way that is beneficia for both parties.
Asaconsequence, this can enhance interpersonal relationships
and promote social harmony for both the elderly and their
caregiver. Furthermore, the systematic review of ICT
applicationsfor patientswith AD and other dementiasreflected
low presence of innovative projectsin less devel oped countries,
such as Mexico. Future work is being developed on the design
of strategies for older adultsto integrate the use of ICT toolsin
their daily life. With this, progress can be made in the
development of technological projects that support this group
of people.
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Abstract

Background: A hip fracturein older adulthood can result in function and mobility decline. The consequences are debilitating
and place a great burden on patients, caregivers, and the health care system. Although inpatient rehabilitation programs have
proven effective, the best practices for community-based rehabilitation required to maintain the gains in function and mobility
post hospital discharge are currently unknown.

Objective: Theaim of this systematic review isto identify and evaluate the evidence on the effectiveness of community-based
rehabilitation post hospital discharge interventions for older adults with cognitive impairment (ClI) following a hip fracture, and
to identify the physical recovery outcomes and measures used in previous studies.

Methods: The methods outlined in the Cochrane Handbook for Systematic Reviews of Intervention were followed and findings
were reported using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. The search strategy
included a combination of text words and subject headings relating to the concepts of Cl, dementia, delirium, cognitive reserve,
and hip fractures. For a study to be included in the review, it had to involve participants with CI who underwent hip fracture
surgery, and consisted of an outpatient intervention that occurred in the participant’s home or community. Peer-reviewed journal
articleswereidentified by searching various databases. Two independent reviewers screened the titles and abstracts to determine
which articles comprising of a rehabilitation intervention within a community setting prior to being included for a full article
review. A data extraction form and an evidence and quality checklist were used during the full article dataanalysis and synthesis.
A meta-analysis was not conducted due to heterogeneity of measures and outcomes.

Results: The original search resulted in over 3000 articles. Of those, three studies satisfied the necessary criteria to be included
inthe systematic review. All studiesincluded inpatient and outpatient physiotherapy, with someincluding acognitive component,
family education, and a discharge assessment.

Conclusions: Thefindings from this review suggest that community-based rehabilitation post hospital discharge interventions
show promising results towards improving various physical function outcomes, mobility, and activities of daily living for older
adults with CI following a hip fracture. This review also demonstrates and discusses the current lack of outpatient rehabilitation
interventions targeted towards older adults with CI post-hip fracture. Additionally, several substantive gaps that require attention
to move thisfield forward are highlighted.
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Introduction

Methods

After experiencing a hip fracture, older adults are typicaly
admitted into sub-acute or hospital care units to receive
rehabilitation [1-3]. However, the presence of cognitive
impairment (Cl) has been an exclusion criterion for patientsto
access rehabilitation services [4-6]. This misalignment of care
isparticularly problematic as one study estimated that dementia
and CI have 19% and 42% preval ence among older adults with
a hip fracture, respectively [7]. Evidence indicates that
approximately two thirds of older adults have severe difficulties
walking independently outdoors 6 weeks after discharge from
inpatient rehabilitation suggesting severedifficultiesin returning
to community activities after hip fracture [8]. Consequently,
older adultswith Cl and a hip fracture from the community who
are unable to maintain or regain their mobility and functional
abilities after discharge from inpatient rehabilitation are
frequently admitted into along-term care homein order to meet
their daily care needs[9].

Permanent placement into long-term care accrues ahigh burden
of cost which is expected to reach approximately $2.4 billion
in Canada by 2041 [4]. Comparatively, the economic burden
resulting from a hip fracture was significantly lessfor a person
who returns to the community and receives nursing,
physiotherapy, and occupational therapy intheir home[4]. With
a greater proportion of older adults with increasing medical
complexity [10] and health care systems attempting to contain
costs, thereis an urgent need for rehabilitation programsin the
community to deliver care so that the progress gained from
inpatient rehabilitation after discharge is maintained for older
adults with CI following hip fracture.

Evidenceis beginning to accumulate that rehabilitation offered
in post-acute or community settingsare beneficial to older adults
with Cl post hip fracture [11,12]. However, to date, the
effectiveness of community-based rehabilitation programs for
older adults with Cl is poorly understood. It is imperative for
decision makers, clinicians, and researchers to know the
evidence supporting the effectiveness of outpatient
community-based rehabilitation programs following a hip
fracture on critical patient outcomes, such as mobility, physical
function, activities of daily living (ADLS), and living situation
after the program. ldentifying the aspects of community-based
rehabilitation programsthat are specific to older adults with Cl
isessential to inform future initiatives aimed to prevent decline
and institutionalization, aswell asrestore mobility and function
among older adultswith Cl. The primary aim of thissystematic
review is to evaluate the evidence on the effectiveness of
community-based rehabilitation post hospital discharge
interventions for older adults with CI following a hip fracture,
and to identify the physical recovery outcomes and measures
used in previous studies.

http://rehab.jmir.org/2016/1/e3/

Search Strategy and Selection Criteria

The study protocol has been previously published [13]. This
review was based on a systematic, comprehensive search of 12
databases (Medline, Medline In-Process, PubMed, PsychINFO,
Embase, CINAHL, AMED, Ageline, The Cochrane Database
of Systematic Reviews, Central Register of Controlled Trials,
Database of Abstracts of Reviews of Effect, and the Allied
Health Evidence databases), from their inceptionto April 2015.
The search strategy included a combination of text words and
subject headings relating to the concepts of Cl, dementia,
delirium, cognitive reserve, and hip fractures. The search was
limited to English and French articles due to limited resources
to review articlesin other languages. The literature search was
performed by an experienced information specidist (JB). A
study was dligible if it included (1) an intervention with a
community-based component aimed at maintaining or improving
patient physical recovery outcomes, likefunction, mobility, and
dwelling location; (2) a mean age of 65 years or older for
participants; (3) anaysis of participants with Cl; and (4)
participants who suffered a hip fracture. Community-based
rehabilitation post-discharge was previously defined to include
interventions that were initiated once an individual was
discharged home from inpatient rehabilitation for ahip fracture
[13]. Our definition needed to be revised to include interventions
that began during inpatient care and transitioned into the
community. However, this review was designed to focus on the
outcomes resulting from community-based components. Study
designs could be randomized controlled trials (RCTS),
prospective  (longitudinal), retrospective  (longitudinal),
cross-sectional, cohort, and quasi-experimental studies. Multiple
research designs were included in order to collect a
comprehensive overview of the evidence. Publications were
excluded if the rehabilitation program or intervention presented
did not include or describe a community or home-based
component, did not report results of primary data collection (eg,
editorials, commentaries), or if the study was targeted for
participantswith stroke, Parkinson’s disease, or frontal-temporal
dementia, as these diseases have different physiological and
behavioral markers.

Study Selection

Thetitles and abstracts were first screened by two independent
reviewers (CC, PMVW). If one reviewer was uncertain about
whether the articlefulfilled theinclusion criteria, it wasincluded
for full-text review. Two reviewers (CC, KP) independently
reviewed full-text studies. All disagreements were resolved by
consensus with the research team. Regular team meetings were
held to discuss articles, any complications or disagreementsthat
arose, and findings from the studies. If multiple articles were
written about the same study, only the article with the most
information pertaining to the participants with Cl was retained.
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For any articles that were missing information, corresponding
authors were contacted for clarification.

Data Abstraction and Quality Assessment

Two reviewers (CC, KP) independently extracted data from
each of the included studies using a standardized excel sheet
developed by the research team. This included information
about the: study design, aim, location, sampling method,
recruitment period, duration, sources of data collection, sample
descriptors (eg, size, age, sex, type of hip fracture, type of Cl,
pre-fracture living location, and discharge location),
interventions (eg, components, setting, duration, assessments
and scales used), outcomes, details of statistical analyses, and
source of funding. If the study was an RCT, attributes of this
design were extracted including randomi zation, allocation, and
blinding methods. To objectively measure the quality of the
included studies, two reviewers (CC, KP) independently used
the Downs and Black checklist [14]. Any disagreements between
the scores were discussed and resolved by the consensus of the
research team.

Figurel. PRISMA diagram of search results.

Chuet a

Results

The initial search in September 2013 yielded 3700 articles.
From these results, 1493 duplicates were removed and the
remaining 2207 titles and abstracts were screened (Figure 1).
A total of 52 full-text articles were deemed eligible. After
reviewing the full-text studies, 3 articles were included into the
review [15-17]. Although theinterventionsin thesethree studies
were not specifically designed for only individuals with ClI,
they did include a sub-analysis for the patient population and
thus met our inclusion criteria. The findings from one study
was reported in three articles [17-19], but only Shyu et al [17]
reported on a subgroup analysis of those with CI with physical
recovery outcomes. A meta-analysis was not conducted due to
heterogeneity of measures and outcomes. To ensure the review
included the most current evidence the search was updated using
the same strategy in December 2013, February 2014, and April
2015; no relevant studies were retrieved.
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Characteristics of the Included Studies

Characteristics of the included studies are described (Table 1).
All three studieswere two-group RCTswith different fol low-up
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periods ranging from 16 weeks post-discharge [16] to 2 years
post-discharge [17]. Primary data collection was used in all of
the studies; in addition, one study [16] used an administrative
database.
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Table 1. Description of the studies.
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Components Study
Huusko et al [15] Moseley et a [16] Shyu et a [17]
Study design RCT RCT RCT
Method of random-  Computer generated Computer generated Coinflip
ization
Location Finland Austraia Northern Taiwan
Setting Geriatric ward home Rehabilitation unit home General/acute hospital rehabilitation

Recruitment time

Aims

Usua care sample
size,n

Intervention group
samplesize, n

Cognitive screening
tool

Inclusion criteria

Exclusion criteria

Discharged home

Duration of outpa-
tient component

October 1994 to December 1998

Determining the effect of intensive geri-
atric rehabilitation after surgery for hip
fracture on patientswith cognitive impair-
ment

120

123

MM SE2

Community dwelling patients with acute
hip fractures; =65 years; living indepen-
dently, had been able to walk unaided be-
fore the fracture

Pathological fractures, multiple fractures;
serious early complications; those receiv-
ing calcitonin treatment; terminally ill pa-
tients, severe dementia, or other serious
problems with communication

54% community; 46% not reported

Unclear

March 2002 to May 2005

Determining the impact of a higher dose
exercise program on mobility after hip
fracture compared to usual care

80

80

sPMSQP

Surgical fixation for hip fracture admitted
to the inpatient rehabilitation; approval to
weight bear or partial weight bear; ableto
tolerate the exercise programs; ableto take
four plus steps with a forearm support
frame and the assistance of one person;
no medical contraindications that would
limit ability to exercise; living at home or
low careresidentia facility prior to the
hip fracture

High functioning patients who were dis-
charged directly to home; low functioning
patients who were discharged to aresiden-
tial care facility

Not reported

Unclear

unit home
September 2001 to November 2004

Two-year evaluation of an interdisci-
plinary intervention program on recov-
ery following hip fracture for older
adults with cognitive impairment

81
79
Chinese MM SE

Age=60 years; admitted to hospital for
an accidental single - side hip fracture;
receiving hip arthroplasty or internal
fixation; able to perform full range of
motion (ROM) prior to hip fracture,
moderately dependent or better in

ADLs before hip fracture®; living in
northern Taiwan®

Severe cognitive impairment (score
<10 onthe Chinese MM SE); terminally
ill

Not reported

3 months

3Mini-Mental State Examination

bPhysi cal Performance and Mobility Exam

CEstablished to include subjects with the most potential to recover after rehabilitation.

The participant inclusion and exclusion criteria used in each
study areoutlined in Table 1. In order to be eligiblefor thetrials,
inclusion criteriaincluded being 60 years of age of older [15,17],
admitted to hospital with a hip fracture [16,17], receiving hip
arthroplasty or internal fixation [17], and surgical fixation for
hip fracture [16]. The participants pre-fracture physical
condition was an inclusion criterion in each of the studies.

Sampling methods included convenience [15,17] and stratified
[16] sampling. All three studiesrecruited their participantsfrom
hospitals, and the number of participants ranged from 160
[16,17] tothelargest sample size which was 243 [15]. Themean
age of the study participants ranged from 79-84 years old. The
control and the intervention groups were well balanced. The

http://rehab.jmir.org/2016/1/e3/

percentages of female participants were 90% [15], 81% [16],
and 69.1% [17].

A single measure of Cl was used to assess participants in all
three studies. In Huusko et al [15] participants were considered
to have dementiaif they scored lessthan 23 on the Mini-Mental
State Examination (MM SE) which was used to assess patients
10 days after surgery and the randomization process when the
patient was “in a clinically stable situation” [15]. In another
study, participantswere considered “ cognitively impaired” [17]
using the Chinese MM SE. The third study, Moseley et al [16]
used a cut-off score of 3 or more adjusted errors on the Short
Portable Mental Status Questionnaire (SPM SQ) which identifies
those with no Cl and mild CI, but did not further describe the
inclusion criteriafor Cl. Those with SPM SQ scores of 4 or less
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wereexcluded. No study used aphysician diagnosis of dementia
or Cl, further no assessment of delirium was considered in the
studies.

With respect to describing the participants, only Huusko et a
[15] reported the mean level of cognitive function for the control
and the intervention groups (MMSE scores were 23 and 20,
respectively, P<.001), the sample size, and labeled participants
with Cl as having “dementia” The two other studies [16,17]
did not provide the mean age, percent women, type of hip
fracture and treatment, or MM SE score of the participantswith
Cl.

The types of hip fractures and their surgical treatments varied
among the studies. Shyu et a [17] enrolled participants with
accidental hip fractures who underwent hemiarthroplasty or
openinternal fixation, the study by Huusko et a [15] comprised
of patients who had trochanteric fractures managed with
osteosynthesis, and Moseley et a [16] included participants
with trochanteric and intracapsul ar fractures who received either
bone screws, compression screws, plates, and hemiarthroplasty
as treatment. Two studies had participants who lived in the
community [15,16] whereas Shyu et al [17] did not report the
pre-fracture living location. The comorbidities of the samples
with Cl were not described in any of the three studies.

Quality Assessment

The quality of each study was determined to be 23[15], 25[16],
and 19 [17], indicating that they are al of “good quality”
according to the Downs and Black checklist [14] (Multimedia
Appendix 1). Despitethe articles being good quality, the Downs
and Black checklist identified noteworthy methodological
deficits in the three studies. none of the studies attempted to
blind study subjectsto theintervention, outcome assessorswere
not blinded, compliance with theintervention was not measured,
and randomized intervention assignment was not concealed
from both patients and healthcare staff. Furthermore, the studies
lacked component analyses of the interventions, descriptive
data regarding the participants with CI, reporting on
methodological issues (eg, no protocol for missing data),
information regarding comorbidities experienced by the
participants, and information regarding the intervention
acceptability, feasibility, or treatment receipts.

I nterventions

All three of the interventions [15-17] were initiated while the
participants were on the inpatient unit. The participants in all
three studies received assessments, rehabilitation, home
assessments, counseling during inpatient stay and/or discharge
planning. The intervention components are listed in Table 2.

Huusko et al [15] referred the intervention group to a geriatric
inpatient unit where they would be managed by an

http://rehab.jmir.org/2016/1/e3/
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interdisciplinary team immediately after randomization whereas
the control group was discharged to other hospitals. Their
rehabilitation program involved seven intervention components,
the highest number of components of all three studies. The seven
components included inpatient physical rehabilitation twice a
day, cognitive rehabilitation with a psychiatrist four times a
week, discharge assessments that involved home assessments
and the need for appliances and daily living aids, family
education about hip fracture, and registered nurse (RN) and
physiotherapists (PTs) weekly meetings to discuss methods of
improving rehabilitation. After discharge, participants were
provided 10 in-home physiotherapy visits. Information about
how long it took to complete the visits or the duration of
follow-up was not provided.

The intervention by Shyu et a [17] had six components and
began prior to surgery with ageriatric consultation provided by
ageriatrician and geriatric nurses. After surgery, the geriatrician
provided suggestions to the care team in order to modify or
develop a care plan for rehabilitation. The rehabilitation
contained six components, including inpatient assessment by a
rehabilitation physician, RN and PT, inpatient physical
rehabilitation with 2 visitsfrom aPT, daily geriatric nursevisits,
comprehensive discharge assessment by a geriatric nurse, and
ahome assessment prior to discharge. Additionally, Shyu et al
[17] included 8 in-home visits from a RN aswell as 3 in-home
physiotherapy visits in the 3 months following discharge. The
control group received routine care which does not include
continuity of care, geriatric assessment, an interdisciplinary
approach, or in-home visits.

Lastly, Moseley et a [16] provided rehabilitation during
inpatient care and continued their exercise regime
post-discharge. Their intervention only had two components:
high doses of weight-bearing physical rehabilitation that
consisted of 1-hour sessions twice a day for 16 weeks, and
physiotherapy in the home over 8 visits by a PT after being
discharged from the inpatient rehabilitation unit. This was
compared to the control group that received usual care with
limited wei ght-bearing exercises. Information about the duration
of PTsfollow-up was not provided so it was unclear how long
patients continued to be seen after discharge.

A geriatric consultation by an interdisciplinary team that
typically consisted of ageriatrician, RN, and PT was completed
on the inpatient unit in al three studies. In addition to these
professionals, a neuropsychologist, social worker, consultant
specialist in physical medicine, neurologist, and psychiatrist
were involved immediately after admission into the hospital in
one study [15]. Geriatric consultants who made suggestions to
the surgeon about post-surgery physician orders were also
utilized [17].
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Table 2. Summary of intervention components and outcome measures.

Chuet a

Components

Study
Huusko et a [15]

Moseley et a [16]

Shyu et al [17]

I ntervention components

Physical

Cognitive

At-home physiotherapist
At-home registered nurse

Family education

Inpatient assessment

Discharge assessment

At-home assessment

Nurse and physiotherapist meetings

Duration of outpatient component

Outcome measures

Function outcome measures

ADL outcome measures

Mobility outcome measures

Physiotherapist visit twice daily;
occupational therapy; practicewith
nurse during day

Psychiatrist up to four times per
week

10 visits by a physiotherapist
N/A

Family counseling
N/A

Discharge plan checked in weekly
meetings with the patient and
family

Physiotherapist made home visit
before discharge if necessary

Nurse and physiotherapists met
weekly to improve rehab

Unclear

Length of hospital stay; mortality;
place of residence 3 monthsand 1
year after discharge

N/A

N/A

Weight-bearing exercises twice
daily for 60 minutes and walking
on the treadmill for 16 weeks

N/A

8 visits by a physiotherapist
N/A

N/A
N/A

N/A

N/A
N/A

Unclear

Knee extensor strength, and walk-
ing speed (primary); PPME, sit to
stand, gait aid use, Barthel Index,
falls, hospital readmission, pain,

EQS5D? balance®(secondary)

Knee extensor strength (primary);
PPME, sit to stand, patients rank

of strength (secondary); at admis-
sion, 4 and 16 weeks; by blinded

research assistants

Barthel ADL scale; PPME; at ad-
mission, 4, and 16 weeks; by
blinded research assistants

6-minute walking speed test and a
self-report measure; at admission,
4, and 16 weeks; by blinded re-
search assistants

Duringinpatient stay and 3 months
after. inpatient (physiotherapist
visits three times daily)

N/A

3 visits by a physiotherapist

4visitsin 1st month, then biweek-
ly until 3rd month

N/A

Geriatric consultation before and
after surgery; nurse and physician
visit once a day

Assessment done by nurse; evalu-
ated (caregiver competence, family
resources, family function, patient
self-care abilities, and need for
community or long-term care ser-
vices)

Part of discharge assessment by
nurse

N/A

3 months after discharge

Hip flexion ration; two items on
CBI (walking ability, ADL recov-
ery); fals, mortality; emergency
room visits; hospital readmission;
institutionalization

Hipflexionratio; at 1, 3, 6, 12, 18,
24 months post-discharge; by
geriatric nurse

Barthel ADL scale; at 1, 3, 6, 12,
18, 24 months post-discharge; by
geriatric nurse

Oneitem from Barthel; at 1, 3, 6,
12, 18, 24 months post-discharge;
by geriatric nurse

8Quality of Life patients rank of strength

bBalance: max balance range test, step test, body sway, lateral stability, co-ordinated stability, choice stepping reaction time.

Outcomes

The outcome measures are outlined in Table 2 and a summary
of the results are described in Table 3. Moseley et a [16] used
aprimary outcome measure of knee extensor strength for which
there was no statistically significant between group differences
following intervention, or among those with Cl. Theintervention
group had significantly faster sit-to-stand times at both 4 and
16 weeks and performed more steps in the step test at 4 weeks

http://rehab.jmir.org/2016/1/e3/

compared to the control group. A post-hoc analysis revealed
that those with CI who were allocated to the intervention group
had better outcomes than those without both of these factorsin
physical function outcome measures that included differences
in walking speed at 4 (0.20 m/s, P=.003) and 16 weeks (0.24
m/s, P=.0.15), Physical Performance and Mobility Exam
(PPME) at 4 (1.4 units, P=.013) and 16 weeks (1.9 units,
P=.019), body sway at 4 weeks (2.1 cm, P=.008), step test at
16 weeks (3.5 s, P=.046), max balance range test at 16 weeks
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(36 mm, P=.002), coordinated stability test at 16 weeks (14,
P=.020), and modified falls efficacy scale at 16 weeks (28,
P=.009). Having “no or dlight pain” (OR=5.3, P=.024;
difference=0.2, P= .034) and being “able to walk unaided or
with sticks or crutches’ (OR=6.0, P= .018) were aso

Chuet a

significantly improved at 16 weeks for those with CI in the
intervention group compared to those in the control group.
Huusko et al [15] was not included in thistable astheir outcome
measures were not specifically related to function, ADL, and
mobility

Table 3. Resultsof physical function, ADL ability, and mobility outcome measures.

Results

Study
Moseley et a [16]

Shyu et al [17]

Physical function

Between group differences of those with CI allocated to

No statistically significant results

intervention group (significant changesin PPME)

ADL Ability Significant improvementsfor those with Cl intheinterven-
tion group were reported®
Mobility Statistically significant findingsin thosewith Cl, and found

statistically significant improvementsfor participantswith
Cl intheintervention group compared to those in the con-

trol group®

Significant improvements for those with Cl in the
intervention group were reported in both studies?
Participants with CI in the intervention group were
morelikely to recover their walking ability compared
to the control groupd

3Barthel, P=.002; PPME, P=.019

bp= .001; an increase in Barthel score for those with Cl in the control and intervention group 6 months after discharge but it is unclear if thisincrease

was statistically significant.
%p=.015
d0R=3.49, CI=1.64-7.42, P=.001

Shyu et a [17] measured hip flexion ratio and maobility with
the walking item on the Chinese Barthel Index (CBI). Results
indicated that participants with Cl in the intervention group
were more likely to recover their walking ability compared to
the control group (OR=3.49, Cl=1.64-7.42, P=.001). However,
no statistically significant differences in hip flexion ratio in
participants with Cl were found [17].

Describing ADLs as a secondary outcome, Moseley et al [16]
used the Barthel ADL scale and the PPME whereas Shyu et al
[17] only used the Barthel ADL scale. Both studies reported
significant improvements for participants with Cl in the
intervention group (P=.002 by Moseley et al [16]; and P=.001
by Shyu et al [17]). Moseley et a [16] reported significant
findings with both the Barthel (P=.002) and PPME (P=.019)
measures.

Two studies examined whether the intervention impacted
participant dwelling location over time and mortality [15,17].
Huusko et a [15] reported that the length of hospital stay for
thosein theintervention group with mild and moderate dementia
was significantly shorter than the control group (P=.002 and
P=.042, respectively). They also found that significantly more
participants with mild and moderate dementia from the
intervention group were living at home 3 months after discharge
(P=.009 and P=.009, respectively), and continued to live
independently 1 year after the operation, though not significantly
[15]. In contrast, Shyu et a [17] reported that rates of
institutionalization over 2 years were the same between the
intervention and control group and that those with Cl in the
intervention group were most likely to be readmitted into
hospital (OR=4.44, Cl=1.53-12.89) within the 2-year timeframe.
Both studies found no significant differences in mortality
between the intervention and control groups. Other outcomes
that were eval uated but were non-statistically significant among
participants with CI included fal occurrence [16,17], and

http://rehab.jmir.org/2016/1/e3/

readmission into the hospital in the intervention group at 16
weeks [16,17].

Discussion

Principal Findings

This review demonstrated that there is a current lack of
outpatient rehabilitation interventions targeted towards older
adults with CI post-hip fracture. Although there has been an
increased emphasis on older adults with CI following a hip
fracture in rehabilitation interventions, previous studies have
primary focused on inpatient settings[11,20]. Thethree studies
that met our inclusion criteria were not designed to meet the
specific needs of older adultswith CI, whichisasimilar finding
to other literature reviews [21]. Rather, the authors stratified
their sasmples and conducted asubgroup analysis of participants
with CI from larger RCTs that aimed to determine the
effectiveness of interventions in a geriatric population. The
results of this review suggest that community-based
rehabilitation post hospital dischargeinterventionsare promising
to improve various physical function outcomes, mobility, and
ADLsfunction 1 year post-discharge from the hospital for older
adults with CI. Further, there is some evidence to suggest that
providing outpatient rehabilitation after discharge from inpatient
rehabilitation programs can increase the likelihood of the older
adults staying home and avoiding institutionalization for ashort
(3-month) period of time, but there is insufficient evidence to
indicate whether these results were sustained for longer periods
of time. Given the increased vulnerability of this patient
population, and that Cl as anegative prognostic factor for older
adults with hip fracture immediately after inpatient discharge
[22], these results are potentially significant and warrant more
research. Cautious interpretation of the evidence should be
exercised asthereisalack of power from the subgroup analysis.
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The paucity of studies that deliver an intervention specifically
to the population with Cl is concerning for anumber of reasons.
Thereare approximately 35,000 and rising hip fracturesreported
annually in Canada [23], and ClI is present among almost half
of al individuals who experience a hip fracture [7]. Yet, the
presence of Cl among this patient population has traditionally
been a barrier to accessing rehabilitation services [4-6]. The
continued exclusion from inpatient rehabilitation of older adults
with Cl is a concern because they are viable candidates for
rehabilitation; evidence shows that older adults with Cl can
recover from hip fractures and return home when they are
provided access to inpatient rehabilitation [24]. However, the
current lack of literature evaluating outpatient rehabilitation
interventions makes it difficult to determine the feasibility,
acceptability, and effectiveness of relevant intervention
components for older adults with Cl. Our systematic review
uncovers the uncertainty of a research topic and provides a
baseline of evidence which can contribute to stimulating more
robust research [25].

Through conducting this review, several critical insights were
gained regarding the design and implementation of outpatient
rehabilitation interventions. Therewas a consensus between the
three studies that the outpatient rehabilitation interventions
should begin early in the care trajectory while the participants
are still receiving inpatient care, and should include discharge
planning. Although it was unclear from the studieswhen exactly
the discharge planning began, there is evidence that early
initiation of discharge planning improvesthe continuity of care
from an inpatient hospital setting into the community [26].
Maintaining continuity of care is a crucial aspect of geriatric
care because older adults recovering from a hip fracture are
most at risk during transitions, and inconsistenciesin care can
negatively impact patients’ ability to maintain the progressthey
made in inpatient rehabilitation [27].

The other acquired insight is that an interdisciplinary team
approach was a shared commonality of the interventions.
Physiotherapy visits were included in all of the interventions;
unfortunately, the authors poorly described the details of the
physiotherapy component. The lack of information regarding
the physiotherapy component of the interventionsis concerning
as there has been an increased emphasis on post-operative
physiotherapy and occupational therapy [21]. We have defined
thisambiguity asthe“black box of physiotherapy”. In addition,
because there is no standard evidence-based care practice for
this particular population in the community, it is challenging to
determine the most appropriate person to deliver the therapy,
inthe suitable dose, frequency, and intensity, aswell asidentify
outcome measures that are responsive and sensitive to change
over time in order to compare and analyze these component
characteristics. In addition to physical therapy provided by PTs,
other healthcare professional sdelivered additional intervention
components such as cognitive therapy, home assessments, family
education, and discharge assessments [15,17]. Although the
effectiveness of these components was not individualy
evaluated within each article, it highlights the importance of
implementing an interdisciplinary team. This finding is
consistent with other systematic reviews in the literature that
suggest multi-disciplinary interventions are beneficial when

http://rehab.jmir.org/2016/1/e3/
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caring for older adults, especially for individuals with CI
[28,29]. Theresultsof thisreview highlight the minimal amount
of extant evidence that support health care professionals to
provide outpatient rehabilitation interventionsfor thisvulnerable
popul ation.

Theresults of thisreview indicate that there isalack of clarity
about what community-based rehabilitation interventions for
individualswith Cl following ahip fracture should involve, and
that several substantive gaps require attention to movethisfield
forward. Firstly, only one study described PTs and RNs giving
counseling to family members [15]. In the transition from
hospital to home, there is a shift of responsibilities to family
and other informal caregivers in order to manage the needs of
the older adult, thus there is a need for added support and
resources for caregivers[27,30]. Future studies should provide
emotional and physical support for family caregivers who
assume significant roles that are rarely prepared for [31],
especialy as caregivers become older and may have chronic
health issues themselves [32]. Prior to discharge, family
members, caregivers, and community care providersare pivotal
in translating concepts from an inpatient to an outpatient setting
and should be included in discharge planning to increase the
consistency of care after discharge. Also, further consideration
on how to best leverage and support family caregiversin order
to optimize patients reintegration to the community, socia
activities, and other interests outside of the home is needed.

Secondly, there is a need to focus on interventions that are
tailored specifically to the patient with CI. Given the debilitating
and omnipresent sequelaof Cl, it would be reasonable to expect
that those with CI generally need moreindividualized care than
what standard care currently offers. Since it remains unknown
if adapting currently existing frameworks or interventions for
those whose cognitive reserve remains intact or using a
framework previously developed intervention to include older
adults with Cl is optimal, perhaps interventions for individuals
with Cl need to be developed tabula rasa. The needs of older
adults with Cl may not be addressed by existing rehabilitation
programs or standardized checklists intended for a wider,
potentially healthier population. More research is required to
assess the effectiveness of outpatient rehabilitation programs
for older adults with CI following a hip fracture that consist of
specific componentsfocused explicitly on physical and cognitive
advancements. For exampl e, including acognitive rehabilitation
component that focuses on identifying and addressing individual
needs and goal s of the patient and targets cognitive functioning,
whileintroducing compensatory methods such asusing memory
aids[33]. Preliminary results supporting cognitive rehabilitation
suggest that more research should be done incorporating such
aspects of cognitive rehabilitation with physical rehabilitation
in an outpatient setting [33]. In addition, care teams need to
involve older adultswith Cl and their familiesin care planning
to ensure that the care and services are relevant to help them
meet their needs. With respect to designing more tailored and
individualized interventions, appropriate quality of life measures
and a care plan based on the patients’ goals and needs should
beintegrated and used to comprehensively evaluate intervention
success. There is also a need to determine the patient profile
that is most suitable for such programs; thus there is a need to
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include delirium screening and more rigorous cognitive
assessments to better understand if the intervention affects
different types of Cl. Pilot testing of evidence-based
interventions using this approach iswarranted and the first step
to establishing a new framework applicable to this popul ation.

Third, we were unable to compare and eval uate which program
components were essential to include in an outpatient
rehabilitation program due to the heterogeneity of outcome
measures, the lack of description regarding the cognitive
function assessments and measures, poor participant description
(eg, participants’ comorbidities and baseline data, primary type
of Cls), and lack of treatment fidelity monitoring in theincluded
articles. Thelack of interventions designed for individualswith
Cl may be due to a lack of consensus on the proper tools
appropriate to measure progress among this population,
highlighting the need for increased evidence-based care. Further
exploration regarding the corresponding tools that are feasible
for the assessment of older adults with CI, and incorporating
relevant gold standards for measuring mobility, function, and
ability to perform ADLs is warranted. Moreover, greater
attention on the comparability of patient performance in a
clinical setting versusin the patient’s home would increase our
understanding about which measures are best to use. Future
research programs should use the same assessment, and
measurement tools consistently so that studies can be directly
compared to identify what components are most effective for
those with CI post hip fracture.

Finally, cost or cost-effectiveness to patient care provision was
not an outcome in the included studies which were conducted
in Taiwan, Finland, and Australia. The cost of providing hospital
careisgenerally thelargest health care cost driver in any health
care system, which favors the trend towards co-management
models of care [34] or community-based treatments and
programs to mitigate care costs [10]. Given the concerns
regarding fiscal sustainability in public health care and the
genera increase in health care spending, future programs that
evaluate the economic value of the intervention and include a
cost effectiveness analysis are merited.

Strengths and Limitations

A major strength of thisreview isthat it is comprehensive with
the use of a librarian; we used multiple search strategies
(electronic search of multiple databases, ancestry search of
references) and conducted the search multiple times to ensure
the most current evidence was considered. For the electronic
search, we searched the databases from inception, and used
several terms that are synonymous with community based

Chuet a

programs, such as “home-based” and “outpatient,” to ensure
the search wasinclusive of interventions and programs. We also
considered abroad range of outcomesincluding patient physical
function, mobility, and organizational outcomeslike emergency
room readmissions. As with any review, the findings are
constrained by the methodological quality of the included
studies. Other reviews[21] considered the evidencein thisarea
to be of “very low quality” with high risk of bias dueto thelack
of double blinding. However, as in many clinical trials which
include the use of health practitionersto deliver theintervention,
conducting a double blinded study is challenging and resource
intensive which may make it impossible to accomplish in a
clinical setting. Lastly, the limitation of including articles
published in English and French may have excluded relevant
studies conducted in other languages.

Conclusion

Based on the limited amount of evidence, our review suggests
that community-based rehabilitation interventions post hospital
discharge from inpatient rehabilitation show promising results
to improve physical function outcomes, mobility, and ADLs
function 1 year post-discharge from the hospital for older adults
with Cl, and to increase the likelihood of returning home for a
short (3-month) period post-discharge. There is insufficient
evidenceto indicate the effect of these programsto keep patients
at home over the long-term. It currently remains unclear what
components an outpatient rehabilitation intervention for
individuals with CI following a hip fracture should involve.
However, our review findings suggest that interventions should
(1) start early in the trgjectory of care while the patient isin
inpatient rehabilitation and preemptively include discharge
planning discussions; (2) be designed with the inclusion of
physictherapy to address the physical component of
rehabilitation; and (3) be executed by an interdisciplinary team
to provide multifaceted care that continuesinto the community
setting. Given the prevalence of hip fractures in older adults
with CI, future research should focus on providing support to
the family caregivers as well as including them into the care
plan to enhance reintegration into the community, and pilot
testing programs that incorporate the goals of the patient and
family. A future program of research evauating these
interventions should consider utilizing the same outcome
measures, the cognitive function assessments, and detailed
participant description (eg, participants comorbidities, primary
type of Cls) in order to serve as a significant building block
towards developing a consistent and expected standard of
practicein community-based rehabilitation for older adultswith
Cl following a hip fracture.
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Abstract

Background: Memory and attention are two cognitive domains pivotal for the performance of instrumental activities of daily
living (IADLSs). The assessment of these functionsis still widely carried out with pencil-and-paper tests, which lack ecological
validity. The evaluation of cognitive and memory functions while the patients are performing IADLSs should contribute to the
ecological validity of the evaluation process.

Objective: The objective of this study is to establish normative data from virtual reality (VR) IADLs designed to activate
memory and attention functions.

Methods: A tota of 243 non-clinical participants carried out a paper-and-pencil Mini-Mental State Examination (MM SE) and
performed 3 VR activities: art gallery visual matching task, supermarket shopping task, and memory fruit matching game. The
data (execution time and errors, and money spent in the case of the supermarket activity) was automatically generated from the
app.

Results:  Outcomes were computed using non-parametric statistics, due to non-normality of distributions. Age, academic
qualifications, and computer experience all had significant effects on most measures. Normative values for different levels of
these measures were defined.

Conclusions: Age, academic qualifications, and computer experience should be taken into account while using our VR-based
platform for cognitive assessment purposes.

(JMIR Rehabil Assist Technol 2016;3(1):€5) doi:10.2196/rehab.4155

KEYWORDS
Systemic Lisbon Battery; attention; memory; cognitive assessment; virtual reality

Introduction

Attention and memory are among the most common cognhitive
functions affected by acquired braininjuries[1]. Attention refers
to the process of selecting a specific stimulus from the physical
environment (external stimuli) or the body (interna stimuli)
[2]. In addition to selection, this ability also depends on
processes of orientation and aertness [3]. The symptoms
resulting from the disruption of these abilities are related to an
inability to process information automatically. Tasks that are
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RenderX

usually automatic (eg, reading) become more difficult for
patients with brain injuries, and require a great deal of effort
and concentration [4,5]. The neural basisfor attention may rely
on different brain areas, from midbrain structures[6], to parietal
regions, and the anterior pre-frontal cortex [7,8]. The ability to
perform everyday life tasks may aso depend on memory
functions [9], which are particularly affected by pre-frontal
brain lesions [10]. Memory can be defined as the ability to
encode and/or recall a specific stimulus or situation. There are
different theoretical and clinical models that conceptualize
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memory interms of information (declarative vs non-decl arative)
or temporal dimensions (retrospective vs prospective). One
model of memory suggests, for example, that information can
be manipulated in memory before it is used for a specific
purpose[11]. Thisability has been defined as working memory,
which consists of multiple subsystems that store (for alimited
amount of timein short-term memory), and manipulate different
kinds of sensory information [12]. However, the roles of
attention and memory abilities in everyday functioning go
beyond these specific processes, being related to awider range
of cognitive functions called executive functions [13].

The ability to prepare a meal accurately by being able to
maintain an adequate level of attention to the task, or even
remembering what to buy at the grocery shop, are examples of
attention or memory abilities applied to different domains of
instrumental activities of daily living (IADLS) that are usually
compromised, to different extents, by traumatic brain injuries
[14], stroke [15], or even alcohol abuse [16].

The assessment of attention and memory functions is
traditionally made with paper-and-pencil tests. Cancelation tests
for visual stimuli are usually the best option to assess attention
abilities, whilst the Wechsler Memory Scale is one of the most
widely used tests for memory assessment [17,18]. This test
memory functionswithin different domains, comprising
the following seven subtests: (1) spatia addition, (2) symbol
span, (3) design memory, (4) general cognitive screener, (5)
logical memory, (6)verbal paired associates, and (7) visual
reproduction. In addition to the partial scores on each subtest,
total scores reflect general memory ability. One of the
shortcomings of such tests, however, isthe fact that they do not
evaluatethe patient while he or sheisperforming IADLs. Their
ecological validity is, therefore, uncertain [19-21]. The optimal
way to avoid this pitfall isto carry out evaluations of cognitive
performance based on IADLs. While pervasive technologies
are already available to contribute to this purpose through the
collection of behavioral and physiological data [22], the
correlation between the collected data and the impairment of a
specific domain, such as memory and attention, has not yet been
established.

An emerging alternative to traditional tests is to design and
develop virtual reality (VR) worldsthat mimic real IADLsand
record participants’ performance while executing specific tasks
involving attention and memory functions. One such platform
is the basis for the Systemic Lisbon Battery (SLB) [23]. It
consists of a 3D mock-up of asmall town in which participants
are free to walk around and engage in several IADLs and in
ordinary digital games. While these activities are taking place,
the system records for each task several indicators of
performance, such as errors and execution times. In order for
thisto fulfill its purpose of assessment, it must be ensured that
the SLB activities are valid indicators of functionality for the
cognitive dimension that they were designed to assess. For the
virtual kitchen, one of the activities of the SL B, thishasalready
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been established [24] using the Virtual Kitchen Test (VKT).
The VKT was designed to evaluate frontal brain functioning
and was pre-validated in a controlled study with a clinical
sample of individuals with alcohol dependence syndrome and
with cognitive impairments. Thistest was devel oped according
to the rationale of the Trail Making Test [25], which is a
well-established test used to assessfrontal functions. Theresults
showed that scores from the VKT were associated with
participants’ performance on traditional neuropsychological
tests, and discriminated between the cognitive performance of
patients and controlsinvolved in the study.

Another recent study has focused on defining normative data
based on which clinical deviations could be identified for each
IADL activity and/or task in the SLB [23]. In that study, 59
healthy students performed the exercises available in the SLB
that address attention and memory functions. Theresults of that
study suggested that this approach may be an alternative to
traditional neuropsychological tests, but broader samples were
needed to establish the normative values of performanceinthose
tests with greater confidence. Here, our aim was to estimate
normative scoresfor the SLB from alarger, non-clinical sample
collected in the general population, as well as to test the
concurrent validity of the SLB subscales with conventional
neuropsychological tests.

Methods

Participants

We used asnowball method for recruiting participants. Masters
students enrolled in acourse on cyberpsychol ogy were specially
trained for this study and recruited family members (ie, siblings,
parents, and grandparents) to participate. This ensured some
demographic diversity through the participation of roughly three
different cohorts of adults of both genders. These were asked
to participate in a study designed to evaluate attention and
memory performance while executing VR-based daily life
activities. Participants were not included if they were younger
than 18 years of age, had a history of psychiatric disorders,
perceptual or motor disabilities or substance abuse. |n addition,
participants were excluded if they did not have regular access
to the World Wide Web and/or if they scored below the cutoff
values for their age on the Mini-Mental State Examination
(MMSE) [26], which was administered prior to the main tasks.
However, all participants scored above those cutoff points.

A final sample of 243 participants with amean age of 37 years
(SD 15.87), 39.5% male (96/243), and 60.5% femal e (147/243),
wasincluded in the study. Of the participants, 69.5% (169/243)
had previous experience in using a personal computer for
gaming purposes. Formal education ranged from 9 years to
post-graduate level, with completed secondary-level studies
(27.2%, 66/243) and ongoing university studies (23.0%, 55/243)
the most frequent responses. A characterization of the participant
sampleisdetailed in Table 1.
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Table 1. Sample characterization (N=243).

Gamito et al

Characterization n (%)
Gender
Male 96 (39.5)
Female 147 (60.5)
Employment situation
Student 71(30.1)
Working student 1(0.4)
Worker 144 (61.0)
Unemployed 9(38)
Retired 11(4.7)
Computer experience
None 22(9.0)
Basic 88(36.2)
Intermediate 116 (47.7)
Expert 17 (7.0)
Video game experience
Never 107 (44.8)
Occasionaly 88 (36.8)
Frequently 30(12.6)
More than 50% of days 9(3.8)
Every day 5(2.1)
Formal education
Basic studies 43 (18.0)
Incompl ete high school 32(13.4)
High school 65 (27.2)
University studies 55 (23.0)
University degree 35(14.6)
Graduate Studies 9(3.8)
Age, years
Mean (SD) 36.99 (15.85)
Minimum 18
Maximum 86
MM SE score
Mean (SD) 28.09 (3.09)
Minimum 22
Maximum 30
Study Procedure the screening protocol used to assess the other criteria were

Potential participants first responded to a screening protocol
questionnaire. If they did not fulfill al the inclusion criteria,
they were thanked and did not participate in the study.
Participants fulfilling the inclusion criteria were given the
MM SE test, but their results on the MM SE were only analyzed
after their participation in the main task. Both the MM SE and
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administered in paper forms. Interviewers then ran Unity Web
Player and asked participants to sign in to the platform with a
pre-established code so that we could, if needed, establish an
epigenetic relation between participants. Before performing the
main tasks, participants carried out a familiarization task to
ensurethat they had the necessary skillsto navigate and interact
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in amediated 3D environment, but thistask did not include the
tasks on which they would be assessed.

Themain taskswere carried out onthe SLB [23], aVR platform
for the assessment of cognitive impairments based on
serious-games principles and devel oped on Unity 2.5. It consists
of a small-city scenario, complete with streets, buildings, and
normal infrastructures (eg, shops) used by peoplein their daily
lives. The SLB isfreely available online[27]. To ensure amore
immersive environment, tthe SLB scenario is populated by
computer-controlled non-playable characters (NPCs), which
roam across the city. Besides the house, which is the spawn
point (the starting point of the player in scenario), and in which
the users can engage in most of the home-based daily activities
(ie, persona hygiene, dressing, meals), this "city" has a
supermarket, an art gallery, a pharmacy, and a casino. The
assessment tasks are performed in all these settings. The tasks
to perform in the SLB range from memory tasks to complex
procedures, and the platform is undergoing a constant process
of development to optimize and expand the set of tasksincluded.

Gamito et al

In this particular study, participants performed three different
tasks. The first (fruit-matching) is a short-term memory task
consisting of a matching tiles game in which participants had
to complete 8 trials of matching pairs of fruits. The second
(supermarket) isaworking memory and attention task, and took
place in a supermarket scenario where the participants were
instructed to buy 7 products (a milk bottle, a pack of sugar, a
bottle of olive qil, a pack of crackers, a bottle of soda, a bottle
of beer, and a can of tuna) for the lowest possible expense (€25
maximum) in aminimum amount of time. Thethird (art gallery)
isan attention task, and took placein an art gallery. Participants
had to match missing pieces in three different paintings into
their correct place. Thesethreetasksareillustrated in Figure 1.

The avatar was spawned in the bedroom, where the participant
had to complete the first task. The other tasks were performed
according to a protocol that was provided on screen just before
signing in. All activities were listed in the protocol, together
with the indications to roam the virtua city. For each task,
performance indicators were automatically recorded, for each
code, in afile (*.txt) that was|ater exported to Microsoft Excel.

Figurel. Systemic Lisbon Battery (SLB) subtests. City spawn point (top |eft); gallery (top right); supermarket (bottom left); and memory game (bottom

right).

Outcome Measures and Statistical Analysis

Basic cognitive performance was assessed with the MM SE [ 26]
inavalidated Portuguese version [28,29]. The MM SE isabrief
screening test that assesses aspects of mental function related
to cognition. Higher scores on each measure indicate better
cognitive functionality. We used the cutoff values for the
Portuguese popul ation established by Guerreiro and colleagues
[28], according to level of education: 22 for 0-2 years of
schooling, 24 for 3-6 years of schooling and 27 for 7 or more
years of schooling.

IADLs-related cognitive performance measures were based on
the execution times and number of errorsin thethree SLB tasks
(fruit matching memory task, supermarket memory and attention
task, and art gallery attention task). We verified the correlations
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between these to avoid measurement overlap. In the case of the
supermarket task, in which participants were instructed to go
for the cheapest solutions, we also added the amount of cash
spent on listed products. In al cases, lower scores indicate
higher cognitive performance.

The main goal of this study was to establish normative values
for three subtests of the SLB. Given what isknown on the effect
of demographic variables (ie, namely age and education) on
measures of cognitive performance, it wasimportant to identify
their effects and establish normative values separately for
different levels of age and education. Since the SLB was
developed as a VR application, controlling the effects of video
game and computer experience was also a necessary goal.
Finally, we were also interested in understanding the relations
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between the results of the different subtests, aswell as between
the different subtests results and MM SE.

Demographic effects on performance were tested with
non-parametric  statistical analyses (Mann-Whitney and
Kruskal-Wallis tests for independent samples), since the
distributions of the performance measures did not pass the
Kolmogorov-Smirnov test for normality. For the same reason,
we computed correlations using Spearman's rank order
correlation (p).

Inferential statistics were carried out using IBM SPSS v.20
(IBM Corp. USA). For every statistical analysis, we considered
a Cl of 95%, so statistical results are reported as significant
when the P value is lower than .05. Although this was not an
experimental study, the main conclusions of this study were
based on inferential statistics, which required a priori power
analysisto estimate the sample size needed for proper statistical
analysis. This procedure was conducted in G* Power (v3.1) with
Cohen's r effect size for non-parametric Spearman’s rtests
[30,31]. Given an expected effect size of .30 (medium) for a
.05 significance level (alpha) in two-tailed testing with a power
(1-beta) of .80, the required sample size for this study was 167
participants.

Table 2. Descriptive dataon virtual reality-based subtests (N=243).

Gamito et al

Results

Means (SDs) for both errors and execution time for the three
subtests are reported in Table 2. For subtest 2 (supermarket),
the descriptive statistics for money spent are also reported.
Finaly, Clsfor the 95% level are also provided for each subtest.
The correl ations between execution times on the three different
tests were all positive and moderate: gallery—memory game,
r(128) = .371, P<.001; gallery-supermarket, r(127) = .312,
P=.001; memory game — supermarket, r(116) = .360, P<.001,
suggesting that time-performance on the different SLB tasksis
evaluating interrelated cognitive performance constructs. The
inter-correlations between execution times and errors within
each subtest were also all positive and moderate: gallery, r(125)
= .300, P=.001; memory game, r{(103) = .341, P<.001: and
supermarket, ry(129) = .510, P<.001; which is what we should
expect. However, none of the correlations between error rates
in the different subtests were significant, which is a result that
needs some discussion. In addition, the predictably negative
correlationswith task scores onthe MM SE were all either weak
or non-significant.

Mean (SD) Cl 95%
Lower bound Upper bound

Memory game execution time 40.66 (8.94) 37.29 40.91
Memory game errors? 7.85 (2.47) 7.43 8.49
Supermarket execution time 435.98 (202.37) 394.31 477.66
Supermarket errors 7.19 (9.59) 5.22 9.17
Supermarket money spentb 10.56 (3.88) 9.76 11.36
Gallery execution time 155.55 (105.12) 119.79 155.20
Gallery errors 10.64 (18.47) 5.94 13.39

@Number of incorrect hits.
bm oney spent in Euros used to purchase the pre-defined list of products.

In order to test whether there were effects of socio-demographic
characteristics and computer and video game experience on
performance in this set of subtests of the SLB, and thus if
separate normative values should be established for different
levels of each of those variables, we carried out aseries of tests.
Since most of the outcome variables were non-normally
distributed, we used either the Mann-Whitney or the
Kruskal-Wallis tests, respectively, for two or more groups.

Thetest for computer experience (Table 3) indicates effects on
execution times in both the fruit matching memory task

(x?5=12.485, P=.006), and in the art gallery attention task

(x%5=9.351, P=.025). In the memory task, specialists performed
significantly faster than participants with no experience
(P=.008), basic experience (P=.001), and intermediate
experience (P=.012). Inthe art gallery attention task, specialists
also performed significantly faster than participants with no
experience (P=.012), with basic experience (P=.006), and with
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intermediate experience (P=.036). In fact, participants with a
lot of computer experience were typically much faster than other
participants in performing the tasks, suggesting that computer
experience should be taken into account when assessing
performance based on execution times.

Asfor academic qualifications, tests results show one significant
effect on performance as measured by number of errorsin the
art gallery attention task (x%s= 22.024, P=.001). Here, the
significant differences were between participants with only
basic studies, on the one hand, and on the other, those who had
completed high-school (P=.000), had or were attending
university (P=.013), or had university degrees (P=.006) (Table
4). Thistask thus seems to be tapping into some cognitive skill
that is learned in the high school system. There were no
significant effects of gender, video game experience, TV
viewing-hours per week, VR knowledge, 3D experience, or 3D
knowledge, on any of the cognitive performance indicators.
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Table 3. Subtests results by computer experience.
Level of computer experience, mean ranks
None Basic Intermediate Specialist X2a
Memory game execution time 72.68 74.96 61.98 24.00 12.485P
Memory game errors® 38.00 52.08 60.78 45.89 5.581
Supermarket execution time 84.40 68.25 60.40 54.50 4.619
Supermarket errors 75.40 66.30 60.87 74.69 2132
Supermarket money spen'[d 81.75 61.91 63.53 74.75 3.067
Gallery execution time 75.90 71.31 60.85 29.86 9.351°
Gallery errors 82.70 62.49 61.86 45.67 4.476
8Chi-square of the Kruskal-Wallis test.
Pp<.01.
“Number of incorrect hits.
M oney spent in Euros used to purchase the pre-defined list of products.
°P<.05.
Table 4. Subtests results by academic qudlifications.
Level of academic qualification, mean ranks
Basicstudies  |pcomplete University at- University de- Graduate stud-
(9thgrade) high school High school tendance gree ies xza
Memory game executiontime  67.23 75.33 67.09 59.04 57.65 44.00 4,774
Memory game errors” 42.36 64.97 60.54 50.39 51.41 42.17 7.694
Supermarket execution time 76.54 55.82 57.88 55.09 76.90 50.33 9.731
Supermarket errors 76.48 56.94 59.97 57.61 64.62 69.58 5.130
Supermarket money spentC 77.71 67.44 59.97 55.13 65.29 41.25 8.269
Gallery execution time 67.32 68.33 59.21 60.95 58.06 69.83 1.761
Gallery errors 84.00 73.88 46.35 54.00 54.53 52.00 22,0241

8Chi-square of the Kruskal-Wallis test.
PN umber of incorrect hits.
“Money spent in Euros used to purchase the pre-defined list of products.
d
P<.01.

Agewassignificantly, albeit only weakly or at best moderately,
related to reduced performance, as measured by execution times
on the different tasks: art gallery attention task r(127) = .312,
P<.001; fruit matching memory task ry(139) = .172, P=.049;
supermarket memory and attention task r(127) =.184, P<.001),
aswell asby the MM SE r(242) = -.147, P=.022. We tested the
effects of age cohort on performance in the different subtests
of the SLB (execution time and errors for both gallery and
memory game) by dividing the sample into four cohorts
according to age quartiles (Table 5). Resultsindicate significant
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effects for both gallery execution time (x23:14.733, P=.002)

and gallery errors (x%=10.400, P=.015). Older participantstook
longer to complete the task and made more errors. Post-hoc
comparisons show significant differences in the gallery
execution time measure in the comparisons between the <23
years age group and both the >49 and 35-48 age groups. With
respect to gallery errors, the most significant differences were
between the 23 to 34 and the >49 age groups. The age effect
for the memory task (execution time) was just beyond the
margin of significance (P=.052), so we did not analyze post-hoc
differences.
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Table 5. Kruskal-Wallis non-parametric comparison of Systemic Lisbon Battery (SLB) performance by age cohorts.

Age cohort in years, mean (SD)

<23 23-34 35-48 >49 X
Gallery execution time 105.31 (57.36) 135.98 (69.96) 173.70 (130.58) 186.08 (103.22) 14.733%
Galery errors 5.69 (9.20) 3.22(3.93) 9.91 (16.50) 19.46 (26.45) 10.400°
Memory game execution time  36.85 (9.19) 43.01 (7.43) 42.45 (8.19) 40.58 (9.51) 7.721
Memory game errors 8.21 (2.49) 7.86 (2.11) 8.061 (2.46) 7.33(2.62) 544
8p<.01.
BNumber of incorrect hits.
®p<.05.
: : activities of daily living, although a larger study comparin
Discussion y Wing gh a jarger Stidy comparing

Principal Findings

Neuropsychological research has exposed the limitations of
traditional paper-and-pencil neuropsychological tests for the
assessment of cognitive functioning. A major critique is that
those tests do not replicate cognitive functions used in the
activities of daily living. A more ecologically valid emerging
aternative is to use VR-based applications to test executive
functions and related cognitive functions such as memory and
attention. One of these applicationsisthe SLB [23], afreeonline
application and cognitive test, which provides a highly
immersive and motivating experience with a first-person view
that mimics IADLSs.

The main objective of this study was to identify normative
values for this application to be used as baseline in clinical
studies. Our results indicate that performance on VR-based
| ADLsas measured by execution timesisenhanced by education
and computer experience, whilst age decreases performance.
According to these results, we propose that normative values
for execution times on VR-based IADLs be separately
established for different levels of each of these variables.
Conversely, we found no effects of gender, which is reassuring
inthat it indicatesthat the SL B has no gender biasand normative
values do not need to be adjusted to gender. In addition, the
moderate positive correl ations between execution times suggest
that the different subtests are tapping into different but
associated cognitive functions, which is what we would have
expected. The same pattern was not found for errors, which is
probably due to floor effects on all of these, as we are dealing
with a non-clinical sample for which errors are all relatively
low. However, error rates on each of the tasks are correlated
with the respective execution times, which indicate they are not
random. Correlations between task performance and MMSE
are mostly non-significant, which is probably due to a ceiling
effect onthe MM SE itself, also typical of non-clinical samples.

If we take into account these differences, these results indicate
that VR-based assessments of cognitive functions using tasks
that reproduce activities of daily life, such asthe SLB, may be
useful to assess cognitive functioning during the execution of
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normal with clinical samples, and evaluating the comparative
performance and within-subject correlation between results of
the SLB and traditional neuropsychological testsis still needed.
Moreover, it isimportant to notethat it is possible to have these
applications available anytime, anywhere, and to everyone with
the advent of pervasive technology through mobile devices,
which will make their use easier and more accessible than
current conventional treatments. It is therefore urgent to test
their validity and establish normative datafor varied populations.

Limitations

The data was recorded on a variety of personal computers and
severa volunteers participated in the data collection. Thus, it
was impossible to guarantee homogeneity of conditions, in
particular in what concerns the influence of screen types,
interfaces (eg, mouse), and of the person running the tests. The
over-65-years sample size was too small to draw firm
conclusions for that age group. In addition, we did not assess
whether prior training could impact on performance, as al
participants underwent training before the assessment. Finally,
the fact that we were assessing a non-clinical sample probably
explains the floor and ceiling effects in the error rates and
MMSE, even though this is an essential step for every
assessment and/or training battery validation that is focused in
working with both clinical and general populations.

Conclusions

The assessment of cognitive functions is traditionally made
through non-ecological pencil-and-paper tests. However,
interactive and immersive platforms options like virtual reality
apps, which mimic real-life activities, areincreasingly available.
Nevertheless, such options require establishing normative data
for healthy populations, which can be used to assess cognitive
problemsin (potentially) clinical populations. Thisstudy follows
this aim by identifying normal levels of cognitive performance
in a non-clinical sample, using assessment measures based on
VR versionsof IADLschosen for their demand on memory and
attention functions. Age, level of education, and computer
experience all appear to contribute to performance with this
tool, which implies that normative values have to be adjusted
to all these variables.
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