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Abstract

Background: Physical activity (PA) is associated with benefits, such as fewer depressive symptoms and loneliness. Web- and
print-based PA interventions can help older individuals accordingly.

Objective: We aimed to test the following research questions: Do PA interventions delivered in a web- or print-based mode
improve self-reported PA stage of change, social-cognitive determinants of PA, loneliness, and symptoms of depression? Is
subjective age a mediator and stage of change a moderator of this effect?

Methods: Overall, 831 adults aged ≥60 years were recruited and either allocated to a print-based or web-based intervention
group or assigned to a wait-list control group (WLCG) in 2 community-based PA intervention trials over 10 weeks. Missing value
imputation using an expectation-maximization algorithm was applied. Frequency analyses, multivariate analyses of variance,
and moderated mediation analyses were conducted.

Results: The web-based intervention outperformed (47/59, 80% of initially inactive individuals being adopters, and 396/411,
96.4% of initially active individuals being maintainers of the recommended PA behavior) the print-based intervention (20/25,
80% of adopters, and 63/69, 91% of maintainers) and the WLCG (5/7, 71% of adopters; 141/150, 94% of maintainers). The
pattern regarding adopters was statistically significant (web vs print Z=–1.94; P=.02; WLCG vs web Z=3.8367; P=.01). The

pattern was replicated with stages (χ2
4=79.1; P<.001; contingency coefficient 0.314; P<.001); in the WLCG, 40.1% (63/157) of

the study participants moved to or remained in action stage. This number was higher in the groups receiving web-based (357/470,
76%) or print-based interventions (64/94, 68.1%). A significant difference was observed favoring the 2 intervention groups over

and above the WLCG (F19, 701=4.778; P<.001; η2=0.098) and a significant interaction of time and group (F19, 701=2.778; P<.001;

η2=0.070) for predictors of behavior. The effects of the interventions on subjective age, loneliness, and depression revealed that

both between-group effects (F3, 717=8.668; P<.001; η2=0.018) and the interaction between group and time were significant (F3,

717=6.101; P<.001; η2=0.025). In a moderated mediation model, both interventions had a significant direct effect on depression
in comparison with the WLCG (web-based: c′ path −0.86, 95% CI −1.58 to −0.13, SE 0.38; print-based: c′ path −1.96, 95% CI
−2.99 to −0.92, SE 0.53). Furthermore, subjective age was positively related to depression (b path 0.14, 95% CI 0.05-0.23; SE

JMIR Aging 2022 | vol. 5 | iss. 3 | e36515 | p.4https://aging.jmir.org/2022/3/e36515
(page number not for citation purposes)

Lippke et alJMIR AGING

XSL•FO
RenderX

mailto:s.lippke@jacobs-university.de
http://www.w3.org/Style/XSL
http://www.renderx.com/


0.05). An indirect effect of the intervention on depression via subjective age was only present for participants who were in actor
stage and received the web-based intervention (ab path −0.14, 95% CI −0.34 to −0.01; SE 0.09).

Conclusions: Web-based interventions appear to be as effective as print-based interventions. Both modes might help older
individuals remain or become active and experience fewer depression symptoms, especially if they feel younger.

Trial Registration: German Registry of Clinical Trials DRKS00010052 (PROMOTE 1); https://tinyurl.com/nnzarpsu and
DRKS00016073 (PROMOTE 2); https://tinyurl.com/4fhcvkwy

International Registered Report Identifier (IRRID): RR2-10.2196/15168

(JMIR Aging 2022;5(3):e36515)   doi:10.2196/36515

KEYWORDS

physical activity; older adults; intervention; loneliness; depression; eHealth; mobile health; mHealth

Introduction

Web-Based and Printed Intervention Material
Loneliness is a key element, along with lifestyle factors such
as physical activity (PA), which is interrelated with health and
well-being [1-3]. Although the concept of loneliness has a long
history, many concerns exist that modern times increase social
isolation among older people [3,4]. Since the beginning of the
COVID-19 (SARS-CoV-2) pandemic, social isolation and
loneliness have received heightened attention [1-4]. Reasons
for elevated concerns related to loneliness during the COVID-19
pandemic were seen because of the required social distancing
(ie, because of distancing rules, citizens were not allowed to be
in close physical contact with others or generally to come
together). In addition, people limited their personal contacts
and followed stay-at-home orders and face mask mandates in
public [2-4]. Steps are needed to bridge the gap between the
necessary actions for public health, individual health, and
well-being. Such bridging can be done by means of web-based
and print-based interventions in comparison with no support
(ie, a wait-list control group [WLCG]).

Dickens et al [5] performed a systematic review of interventions
targeting social isolation among older adults. They found that
86% of the interventions aimed at supporting activities (social
activities and PAs) were effective [5]. Specifically, these
activities were comprised of group and psychosocial
accomplishments and included besides exercise and PA also
arts, discussion rounds, therapeutic writing, group therapy,
reading to children, lectures, assistance with organizing social
behavior, outings, mutual help networks as well as leisure and
cultural events with different durations [5]. Activities, especially
social components and PA, are key to preventing or overcoming
social isolation and loneliness [4,6]. However, only 25% of
internet training interventions have revealed a successful
reduction in social isolation among older adults [5].

In conclusion, the evidence demonstrates that interventions
fostering physical exercise and PA can improve mood; increase
physical, social, and cognitive activities; and decrease social
isolation [7]. However, little is known about the delivery mode
of the intervention (eg, the comparison of internet-based training
interventions and traditional print-based interventions), as well
as the mechanisms that may explain possible differential effects.
Therefore, this study addressed this open question. The research
question was whether more adults reported changing their PA

behavior if they received the web-based or print-based
intervention than those who received the control condition.

A previous study by Boekhout et al [8] revealed the benefits of
a printed delivery method compared with a web-based version.
Specifically, the authors found higher participation and lower
attrition rates in this group [8]. Golsteijn et al [9] compared
printed materials with web-based materials in terms of
cost-effectiveness and cost-utility to promote PA among adults
aged ≥50 years. The results revealed that the print-based material
was most cost-effective in terms of increasing PA and could
also contribute to better overall health at the population level
[9]. However, little is known about the effectiveness in terms
of loneliness and social-cognitive predictors, what actually
explains the effects of the intervention, and in whom and how
the intervention works [10]. Depression can be an important
component of mental health [1], whereas a central factor of
well-being and successful aging is feeling subjectively fit [7].
Thus, this study investigated whether a web-based or print-based
PA intervention improved outcomes such as social-cognitive
predictors of PA behavior change, subjective age, feelings of
loneliness, and symptoms of depression in comparison with a
control group. Furthermore, we examined whether mediating
and moderating mechanisms exist. Conceivable mechanisms
will be outlined in the following sections to set the stage for
this study.

Potential of PA Interventions
PA is imperative for health and well-being at any age and is
increasing in importance with older age [11,12]. Approximately
half of the population will be aged >60 years by 2030 [13].
Consequently, it is important to improve the health of this
population. Regular PA, particularly cardiovascular training
(also called endurance training), is considered to have enormous
potential for maintaining and improving the health and
well-being of older adults [14,15]. Following the World Health
Organization (WHO) recommendations, PA should be conducted
for ≥150 minutes per week with moderate to vigorous PA
(MVPA) in bouts of at least 10 minutes to improve and maintain
health [13].

Cross-sectionally, more PA is related to better health and vice
versa, and the improvement of a healthy lifestyle has been
demonstrated to pay off in terms of increasing or recovering
health [16,17]. Olson and McAuley [18] demonstrated the
effectiveness of an intervention, including walking exercise
(endurance training) and theory-based group workshops, aimed
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at improving the PA level of older adults in the short and long
term.

An important limitation of PA programs for older adults is that
they are often unattractive to older adults [19]. This might be
overcome by addressing the individual-level characteristics and
(technology-based) preferences of participants [20]. Concerning
the overall uptake of PA and sports offerings, demographic and
socioeconomic individual-level differences have been shown
to be relevant in past studies [21-23]. Those who are already
actively involved in PA and sports are more likely to participate
[23-25]. However, some people may also experience that being
active operates as a barrier to adopting activities such as a new
physical exercise program [26], showing that previous behavior
is yet another predictor that depends on individual
circumstances. A study of older adults’ specific requirements
for PA class meetings also revealed sex-specific differences.
For example, men, in contrast to women, were more critical of
group activities [27]. Further identification of how and why
interventions work can help the development and organization
of attractive future health interventions [19,20]. A theoretical
framework that might explain the differences based on baseline
characteristics such as previous experience is described in the
following section.

Theory-Based Interventions and Social-Cognitive
Predictors of PA Behavior Change
Research comparing the effectiveness of theory-based and
non–theory-based health behavior change interventions has
demonstrated a higher potential for theory-based approaches to
effectively promote PA [28-30], although not consistently [31].
However, overall, it should be noted that health behavior change
interventions to improve PA are very heterogeneous with regard
to theoretical approaches, designs, and effectiveness. In addition,
some interventions have only been found to produce small to
moderate effects [32-34]. For example, an aggregated effect of
Cohen d=0.27 was determined by Rhodes et al [34] in a
high-level overview of published reviews of the literature, which
has been interpreted as small but meaningful. This shows that
theoretical frameworks that take further relevant parameters
and pathways into account are needed for the design of PA
interventions.

Social-cognitive variables are imperative for predicting active
behavior change [35]. Knowledge of such variables enables the
design of interventions. For example, key social-cognitive
variables are described in the Health Action Process Approach
(HAPA) [35]. The HAPA is a theory that organizes different
social-cognitive variables into a meaningful structure [35]. The
HAPA has two layers: a continuum layer with social-cognitive
variables and a stage layer with the stages of change. The HAPA
assumes three different stages of change: the nonintenders stage
with its processes that lead to a behavioral intention, the
intenders stage with postintentional volition processes that lead
to the actual health behavior, and the action stage where the
goal behavior is performed.

Within different stages, different patterns of social-cognitive
predictors may emerge. In the nonintenders stage, a person
develops the intention to act. In this phase, risk perception is
seen as a distal antecedent (eg, “I am at risk for cardiovascular

disease”). Risk perception in itself is insufficient to enable a
person to form an intention. Rather, it sets the stage for a
contemplation process and further elaboration of thoughts on
consequences and competencies. Similarly, positive outcome
expectancies (eg, “If I exercise five times per week, I will reduce
my cardiovascular risk”) are chiefly seen as important in the
motivation phase when a person balances the pros and cons of
certain behavioral outcomes. Furthermore, one needs to believe
in one’s capability to perform the desired action (perceived
self-efficacy; eg, “I am capable of adhering to my exercise
schedule despite the temptation to watch TV”). Perceived
self-efficacy operates in concert with positive outcome
expectancies, both of which contribute substantially to the
formation of intention. Both beliefs are needed to form
intentions to adopt difficult behaviors, such as regular physical
exercise.

After forming an intention, the volitional phase is entered. Once
a person is inclined to adopt a particular health behavior, the
good intention must be transformed into detailed instructions
on how to perform the desired action. As soon as an action is
initiated, it must be maintained. This is not achieved through a
single act of will but involves self-regulatory skills and
strategies. Thus, the postintentional phase should be further
broken down into more proximal factors, such as planning,
action control, social support, and recovery self-efficacy.

Social support is a factor that reflects the barriers and resources
part of the HAPA model: support represents a resource, and the
lack of it can be a barrier to adopting or maintaining health
behaviors. Instrumental, emotional, and informational social
support can enable the adoption and continuation of behaviors
[35]. The theoretical assumptions not only improve the
prediction of behavior but also allow for designing of
interventions more effectively by tailoring the intervention
components to the needs of the recipient and, finally, enhance
participation. The relevant factors are described in the following
sections.

Tailored Web-Based Intervention
Tailoring is a key aspect of making interventions more effective,
not only by considering the users’ stage of change but also by
matching the users’ needs. For instance, such needs can be that
participants prefer self-monitoring and activity tracking as
components of their intervention (eg, by digital formats, as
found by Powell et al [36]).

Digital modes have much more potential than paper-based
intervention modes as they provide more options for
personalization. At the same time, information can be delivered
in different forms, including textual, visual, and audiovisual
information to suit individual preferences and abilities [37].
However, when preferences are considered, older people in
particular like print formats better [38] and accordingly might
benefit more from it. However, this requires more systematic
research.

The tailoring of interventions is a method that aims to meet the
needs of all individuals more appropriately. However, meeting
all these different needs is typically challenging. Therefore, it
is necessary to evaluate whether all individuals benefit equally.
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For instance, in a previous study [39], it was found that
participants who were not sufficiently physically active before
the study (nonintenders and intenders in comparison with actors)
found the intervention useful. In another study [40], the printed
method was more effective than the internet method in
participants with a high baseline intention for PA (intenders).
Thus, the question remains of whether the intervention is
moderated by the stage of change in endurance activities. Other
needs may be interrelated with sociodemographic characteristics
such as age, which necessitates further elaboration, as will be
described in the following sections.

Aging, Loneliness, and Subjective Age
Aging is typically stereotyped as feeling lonely. However,
loneliness is not related to older age but the opposite—younger
cohorts feel more lonely than older cohorts [1]. The aging
population is at higher risk of other health-related challenges
[1,3,4]. Aging processes and the health of older adults are highly
important. Many older adults experience more health limitations
and an increased burden, such as falling upon their caregivers
[41]. In addition, older adults might have the highest risk of
inactive lifestyles because of their reduced functioning [42].

Aging theories posit that older adults prefer to exercise with
other individuals instead of exercising alone [43]. Accordingly,
blended web-based and print interventions for older individuals
promoting PA proved to be effective [44-46] as web-based
materials would typically be used more for unaccompanied
modes. However, whether print and web-based materials are
beneficial for older adults’health (eg, symptoms of depression),
well-being (or the opposite, eg, loneliness), health behavior,
and its predictors requires further investigation.

Typically, calendrical and subjective ages are distinguished
[47,48]. Calendrical age is determined by the date of birth [38].
In contrast, if a person is asked how old they feel, then the
perceived or subjective age can be determined [47]. The latter
is associated with health status and well-being, as well as with
behavioral, cognitive, and biological processes, including frailty
[47].

Although calendrical age cannot be changed, subjective age
contains many options for interventions: individuals who feel

younger are better off and more optimistic [48]. Previous studies
have demonstrated that interventions can improve subjective
age and general health status or even reverse frailty [47]. The
question remains whether the effect of a PA intervention is
mediated by subjective age; thus, this study investigated this in
further detail.

Interrelations and Stage of Change
Loneliness and mental health issues, such as depression, are
interrelated [1]. Fortuna et al [10] summarized that older adults
can benefit from digital services to overcome their mental health
limitations (such as loneliness and depression). Moreover, PA
can help reduce depression and loneliness using mastery
experience and self-regulation with regard to physical
perceptions and repairing interpersonal skills and relationships
[6]. Accordingly, the PA intervention group (IG) allocation
should reduce the likelihood of depressive symptoms and
loneliness.

However, much is still unresearched, such as whether
internet-based services are as good as, or better than, traditional
services for older individuals’ mental health. Although the
advantages are obvious, the effects on outcomes such as
loneliness and symptoms of depression still need more
systematic attention, which will be addressed in this study.

With respect to intervention studies, it is assumed that the
assignment of participants to specific study arms with different
forms of content would have an effect on symptoms of
depression and that this effect is mediated by subjective age
and moderated by the stage of change in endurance training
(Figure 1).

Furthermore, the question remains as to whether the same
relationship with loneliness as a dependent variable would be
feasible (Figure 2). Accordingly, research is required regarding
the key question of whether the intervention effects on loneliness
and symptoms of depression depend on subjective age and
whether the stage of change for endurance activities affects this
effect. Thus, the hypotheses described in the following sections
were investigated.
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Figure 1. Proposed moderated mediation model for depression. CES-D: Center for Epidemiologic Studies Depression; T0: time point 0; T1: time point
1.

Figure 2. Proposed moderated mediation model for loneliness. T0: time point 0; T1: time point 1.

Goals of This Study
The goal of this study was to test the following research
questions: do interventions delivered in a web or print mode
improve self-reported PA stage of change, social-cognitive
determinants of PA, feelings of loneliness, and symptoms of
depression, and in this effect, does subjective age act as a
mediator and stage of change act as a moderator?

The following hypotheses were tested:

1. The proportion of older adults who self-report a PA
behavior change is higher in the web-based and print-based
PA interventions than in the respective control conditions.

2. Compared with the control condition, the web-based and
print-based PA interventions improve social-cognitive
predictors of PA behavior change, subjective age, feelings
of loneliness, and symptoms of depression.

3. The intervention’s effect on feelings of loneliness is
mediated by subjective age, and this mediation is moderated
by the stage of change for endurance activities (moderated
mediation).

4. The intervention effect on symptoms of depression (Center
for Epidemiologic Studies Depression [CES-D] score) is
mediated by subjective age, and this mediation is moderated
by the stage of change in endurance activities (moderated
mediation).

Methods

Overview
The PROMOTE study comprised 2 cohorts: PROMOTE 1 and
2. In this study, web- and print-based programs to promote PA
in community-dwelling older adults were developed, analyzed,
and evaluated according to multiple theoretical models and
intervention effects using randomized intervention trials [49-54].
These were conducted as part of the interdisciplinary Physical
Activity and Health Equity: Primary Prevention for Healthy
Aging research network [55].

The first trial (2015-2018, PROMOTE 1) compared the effects
of 2 web-based interventions with a wait-listed control condition,
whereas the second trial (2018-2021, PROMOTE 2) compared
adapted versions of the web-based interventions (the program
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was adapted to initially inactive older adults) with a print-based
PA intervention. For the analyses in this study, the groups
receiving the web-based intervention in PROMOTE 1 and 2
were combined. The plan for pooling the data of the 2
intervention studies is described in the study protocol of
PROMOTE 2 [51]. Accordingly, measures with the intervention
design were taken to synchronize the different interventions
from the beginning of PROMOTE 2: interventions did not
significantly differ in their content and with the levels of
recommended activity levels [51]. Measures were matched for
PROMOTE 1 and 2 to pool data from both trial periods for the
overarching analyses.

Ethics Approval
PROMOTE 1 was approved by the Ethics Committee of the
Technical University of Chemnitz, Faculty of Behavioral and
Social Sciences, on July 14, 2015, with the ethics approval
number: V-099-17-HS-CVR-PROMOTE-03072015. Ethics
approval for PROMOTE 2 was obtained from the Medical
Association in Bremen on July 3, 2018, with the ethics approval
number 635. The trials were conducted in accordance with the
ethical principles of the American Psychological Association
and the 1964 Declaration of Helsinki and its later amendments
of comparable ethical standards. All participants were fully
informed about the study and provided informed consent.

Recruitment
Detailed information regarding data collection (recruitment and
randomization strategies) can be obtained from the studies by
Muellmann et al [49] and Pischke et al [51]. Briefly, in 2016
(PROMOTE 1) and 2018 (PROMOTE 2), random samples of
n=8299 older adults aged 65 to 75 years and n=3492 older adults
aged ≥60 years and living independently (without assisted
living) were selected by the residents’ registration offices from
municipalities in the Bremen metropolitan region and invited
to participate by mail. In addition, both study phases were
promoted in the local press, as well as via prior discussions with
the research staff with an offer to enroll voluntarily. Eligibility
for study participation, which is described in detail in the
published study protocols [49,51], was determined through
computer-assisted telephone interviews with trained study
nurses.

The main inclusion criteria were being aged 65 to 75 years in
PROMOTE 1 and ≥60 years in PROMOTE 2, as well as living
independently, having basic knowledge of German, being able
to walk without a walking aid, participation in study assessments
and weekly group meetings without external assistance, and
providing informed consent.

The exclusion criteria were as follows: a medical condition or
diagnosis prohibiting PA, severe visual or other impairments,
implanted cardiac devices, or occasional syncopal episodes
leading to exclusion or cognitive impairment (Mini-Mental
State Examination [MMSE] <25 in PROMOTE 1 and MMSE
second edition: MMSE-2: Brief Version [MMSE-2:BV] score
<13 in PROMOTE 2). Individuals were excluded from the study
if they were planning a vacation during the intervention period,
had certain medical conditions or severe health impairments,
or did not have a mobile device or internet access. As the results
of the first study indicated that predominantly already active
individuals participated in the study, the exclusion criteria for
PROMOTE 2 were modified, and individuals were excluded if
they reported being regularly physically active for at least 2.5
hours per week for >1 year before the start of the study. Potential
study participants for PROMOTE 2 were excluded if they had
already participated in PROMOTE 1 [52].

Finally, participants were randomly assigned to the following
study arms:

1. In PROMOTE 1 (N=589), to either a web-based
intervention with subjective PA self-monitoring (211/589,
35.8%), web-based intervention with subjective and
objective PA self-monitoring (198/589, 33.6%), or WLCG
(180/589, 30.6%) [49]

2. In PROMOTE 2 (N=242), to a print-based intervention
with subjective PA self-monitoring via a printed PA
pyramid (113/242, 46.7%) and web-based intervention with
subjective PA self-monitoring via a web-based PA pyramid
(129/242, 53.3%); approximately 29.5% (38/129) of the
latter were randomly selected and received a PA tracker
(objective PA self-monitoring) in addition [51]

In total, 831 individuals were randomized into one of these three
groups: web-based PA intervention, print-based PA intervention,
or WLCG. Further details are outlined in the flow chart in Figure
3.
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Figure 3. Study flow chart.

Procedure and Interventions
The PA interventions in this study were developed on the basis
of the self-regulation theory [56,57]; behavior change techniques
(ie, goal setting, planning, social support, and feedback) [58];
and (in PROMOTE 2) in a cocreative process with individuals
of the target group and stakeholders, such as exercise instructors,
leaders of older adults’ facilities, and managers of older adults’
homes. The intervention aimed to improve overall
self-monitoring capabilities regarding PA and enable transfer
for the time after the intervention.

According to the PA recommendations of the WHO and the
American College of Sports Medicine [13], older adults
randomized to the IGs were advised to engage in physical
exercises. The recommendations included suggestions to
improve balance (twice per week), flexibility (twice per week),
and strength (twice per week for the 8 major muscle groups).
In addition, the participants were instructed to engage in at least
150 minutes per week of moderate endurance training or 75

minutes per week of vigorous training or a combination of both
moderate and vigorous training intensities [59].

After randomization, a baseline assessment (time point 0 [T0])
was conducted. Following T0, the IGs in PROMOTE 1 received
a print-based intervention in the form of a booklet, which was
tailored to the individual baseline PA levels. Feedback was
tailored to the baseline motivational stage (nonintention,
intention, or action) to engage in the recommended PA. In
addition, the material was tailored based on sex: pictures of men
for male participants and pictures of women for female
participants were used to model the recommended exercises.
The web-based materials offered in the corresponding study
arms in PROMOTE 1 and 2 included access to web-based
materials that contained and displayed the same information on
exercises for balance, flexibility, endurance, and strength, as
for the print-based version. In addition, for PROMOTE 2, a
print-based PA diary was developed in the form of an
expert-driven approach and contained all exercises; provided
the option to enter data on performed exercises; and, thus,
visualize personal progress. The web-based intervention from
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PROMOTE 1 was adapted based on feedback obtained during
the first study period. An additional web-based option (PA
tracker) to capture the daily step count was included for the
randomly selected subgroups in both study arms (PROMOTE
1 and 2).

All IGs were encouraged to use the material and engage in the
recommended PA over 10 weeks. These were accompanied by
weekly group meetings conducted and moderated by trained
staff members. During these meetings, questions concerning
the program could be raised. In addition, theoretical inputs for
healthy aging were provided. Moreover, physical exercises were
performed together with feedback from the participants
regarding their exercise practice. At the same time, social
interactions among the participants and their contacts with the
study team were facilitated. After 10 weeks of group meetings,
a follow-up assessment for time point 1 (T1) was conducted 12
weeks after the baseline assessment. Several collected variables
served as the basis for this study. More information on the
interventions and procedures can be found in previous
publications [49-51,53].

Used Instruments
Adherence was measured according to the WHO
recommendations of ≥150 minutes per week of MVPA in bouts
of at least 10 minutes. The daily minutes for PA in terms of
MVPA were assessed by asking the study participants what
activities they performed in bouts of at least 10 minutes. Minutes
per week for MVPA in the bouts were derived by multiplying
the daily average minutes in the 10-minute bouts by 7.
Subsequently, this measure was dichotomized as meeting or
not meeting the WHO recommendations. This resulted in a
dichotomous variable with 1=does not meet 150 minutes of
MVPA recommendation and 2=meets 150 minutes of MVPA
at T0 and T1. To determine adherence over time, a categorical
variable regarding the change in meeting the recommended 150
minutes of MVPA was computed by subtracting the baseline
value from the 12-week follow-up value. The resulting variable
indicated whether study participants remained active or inactive
(0), fell back into not meeting the recommendation anymore
(−1), or became active (1).

To assess the stage of PA behavior, participants were asked
whether they had performed ≥150 minutes of endurance exercise
per week (eg, fast walking, walking, biking, and swimming) at
2 measurement time points (T0 and T1). Participants were asked
to respond on a 5-point Likert scale: 1=“No, and I do not intend
to start” (precontemplation stage or nonintenders); 2=“No, but
I am considering it” (contemplation stage or nonintenders);
3=“No, but I seriously intend to start” (preparation stage or
intenders); 4=“Yes, but only for a brief period of time” (action
stage or actors); and 5=“Yes, and for a long period of time”
(maintenance stage or actors).

The stage item is based on items used by Lippke et al [60]. For
this study, participants in the precontemplation and
contemplation stages were categorized as nonintenders,
participants in the preparation stage were categorized as
intenders, and participants in the action and maintenance stage
were categorized as actors.

Intention to engage in regular endurance and strength training
was assessed with 2 items (“I intend to engage in strenuous
endurance training for at least 75 minutes per week and strength-
and balance training twice a week” and “I intend to engage in
moderate endurance training for at least 150 minutes per week
and strength- and balance training twice a week”).

These items were based on previous literature [60,61]. Both
items were measured at T0 and T1 on a 7-point Likert scale
ranging from 1=completely disagree to 7=completely agree.
The 2 items were kept separate as they had discriminant validity
(Spearman ρ at T0=0.410; Spearman ρ at T1=0.467; P<.001).
The retest reliability was Spearman ρ T0 to T1 of 0.531 and
0.378, respectively (P<.001).

Outcome expectancies, as suggested by Lippke et al [62] and
Schwarzer et al [63], were measured using 4 items in total at 2
measurement time points. A total of 2 items measured positive
outcome expectancies (“If I engage in 150 minutes of
moderately strenuous or 75 minutes of strenuous endurance
exercise of strength and balance training twice per week, it is
good for my health.” and “If I engage in 150 minutes of
moderately strenuous or 75 minutes of strenuous endurance
exercise of strength and balance training twice per week, it
makes me feel better afterwards.”).

The remaining 2 items focused on negative outcome
expectancies (“If I engage in 150 minutes of moderately
strenuous or 75 minutes of strenuous endurance exercise of
strength and balance training twice per week, it takes too long.”
“If I engage in 150 minutes of moderately strenuous or 75
minutes of strenuous endurance exercise of strength and balance
training twice per week, it is too costly.”). All 4 items were
measured on a 7-point Likert scale ranging from 1=completely
disagree to 7=completely agree.

The 2 items measuring positive outcome expectancies were
kept separate as they had rather discriminant validity (Spearman
ρ at T0=0.693; Spearman ρ at T1=0.703; P<.001). The retest
reliability was Spearman ρ T0 to T1 of 0.425 and 0.508,
respectively (P<.001). The 2 items measuring negative outcome
expectancies were also kept separate as they had rather
discriminant validity (Spearman ρ at T0=0.474; Spearman ρ at
T1=0.443; P<.001). The retest reliability was Spearman ρ T0
to T1 of 0.339 and 0.441, respectively (P<.001).

Self-efficacy was measured with 5 items, in total, at both
measurement time points T0 and T1 [61,64]. A single item was
used to assess task self-efficacy (“I am confident that I can
engage in 150 minutes of moderately strenuous or 75 minutes
of strenuous endurance exercise and strength and balance
training twice a week, even if it gets difficult.”).

A total of 2 items assessed maintenance self-efficacy (“I am
confident that I can engage in 150 minutes of moderately
strenuous or 75 minutes of strenuous endurance exercise and
strength and balance training twice a week, even if it takes long,
until it is a habit.” and “I am confident that I can engage in 150
minutes of moderately strenuous or 75 minutes of strenuous
endurance exercise and strength and balance training twice a
week, even if I am worried or face problems, e.g., scheduling
difficulties.”).
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In addition, recovery self-efficacy was measured by 2 items (“I
am confident that I can engage in 150 minutes of moderately
strenuous or 75 minutes of strenuous endurance exercise and
strength and balance training twice a week, even if I postponed
my plans several times.” and “I am confident that I can engage
in 150 minutes of moderately strenuous or 75 minutes of
strenuous endurance exercise and strength and balance training
twice a week, even If I suspended several times.”).

All 5 items were measured on a 7-point Likert scale ranging
from 1=completely disagree to 7=completely agree. For this
study, the sum of all 5 items was calculated (Cronbach α at
T0=.884; Cronbach α at T1=.897). The retest reliability was
Spearman ρ at T0 to T1 of 0.475 (P<.001).

To further assess social-cognitive predictors, planning was
measured using 6 items. The items were adapted for this study
from those used in previous studies on PA [65].

Three items measured action planning: “For the next month, I
have already planned where I will be physically active,” “For
the next month, I have already planned how I will be physically
active,” and “For the next month, I have already planned when
and how often I will be physically active.”.

Furthermore, three items assessed the construct of coping
planning, respectively: “For the next month, I have already
planned when I have to take care not to suspend,” “For the next
month, I have already planned what I can do in difficult
situations to stick to my intentions,” and “For the next month,
I have already planned how I can remain physically active even
if there are barriers.”

All 6 items were measured on a 7-point Likert scale ranging
from 1=completely disagree to 7=completely agree. For this
study, the sum of all 6 items was calculated (Cronbach α at
T0=.932; Cronbach α at T1.899). The retest reliability was
Spearman ρ T0 to T1 of 0.492 (P<.001).

Habits were measured using two items at two measurement
time points [66]: “Engaging in the recommended endurance,
strength and balance training is something that has become my
habit.” and “Engaging in the recommended endurance, strength,
and balance training is something that I do without thinking
about it.”

Both items were measured on a 7-point Likert scale from 1
completely disagree to 7 completely agree (Spearman ρ at
T0=0.474; Spearman ρ at T1=0.443; P<.001). The retest
reliability was Spearman ρ T0 to T1 of 0.339 and 0.441,
respectively (P<.001).

Symptoms of depression were measured using the CES-D [67]
scale both at T0 and T1. The scale comprises 20 items with a
possible sum score range of 0 to 60. Each item was measured
on a 5-point Likert scale ranging from 0=rarely or never (<1
day) to 1=some or little of the time (1-2 days), 2=often or a
moderate amount of time (3-4 days), and 3=most of the time
(5-7 days).

For the purpose of analysis, the mean score of all 20 items was
calculated for all participants (Cronbach α at T0=.605, Cronbach
α at T1=.587). The retest reliability was Spearman ρ T0 to T1
of 0.759 (P<.001).

To assess perceived loneliness at T0 and T1, the item I felt
lonely was used from the CES-D scale [67]. The item was
measured on a 4-point Likert scale from 0=rarely or never (<1
day) to 1=some or little of the time (1-2 days), 2=often or a
moderate amount of time (3-4 days), and 3=most of the time
(5-7 days). The retest reliability was Spearman ρ T0 to T1 of
0.597 (P<.001).

Sociodemographic data were collected using a questionnaire
administered before the intervention (at the baseline level). The
questionnaire was formulated according to the German Health
Interview and Examination Survey for Adults [68]. The collected
variables included date of birth, sex of the participants (male
or female), height (in cm), and weight (in kg).

In addition to the date of birth, perceived age was measured
using an open-ended question. The participants were asked,
“How old do you feel?” Perceived age was assessed at T0 and
T1. The retest reliability was Spearman ρ T0 to T1 of 0.826
(P<.001). Furthermore, country of birth, mother tongue, family
status, living alone, number of children, qualification,
educational level, and employment status were assessed.

Employment status was measured with a single item taken from
a questionnaire assessing demographic and sociostructural data
from German older adults and adapted for this study [69].
Qualification and educational level were measured with 2 items
and aggregated based on the 2016 version (volume 17) of the
International Standard of Education [70].

BMI was calculated using height and weight and categorized
into underweight, normal weight, overweight, and obese,
according to the WHO BMI classification for adults aged ≥20
years [71].

All the used instruments were validated before and are described
in the study protocols [49,51], as well as in previous publications
[50,52-54].

Analysis Sample
IG allocations from PROMOTE 1 and 2 were summarized
within a pooled IG variable that included the following three
categories: a=WLCG from PROMOTE 1 (reference),
b=web-based IG from PROMOTE 1 and 2, and c=print-based
IG from PROMOTE 2.

Only the participants who completed the baseline assessment
(T0) were included in the analysis. In PROMOTE 1,
participants’ cognitive status was assessed using the MMSE
[72] 1 week before the start of the intervention phase. In
PROMOTE 2, participants’ cognitive status was assessed using
MMSE-2:BV [73] during the first weekly group meeting (ie,
the start of the intervention phase). Participants who scored <25
points on the MMSE or <13 points on the MMSE-2:BV were
excluded from the analysis. Amendments to the cutoff values
for exclusion because of cognitive impairment have been
discussed in previous publications [50,52].

After excluding individuals with cognitive impairment (37/831,
4.5%; Figure 3) and missing information on baseline
demographic characteristics (73/831, 8.8%), the analysis sample
included 721 older adults (see Data Exclusion section and Figure
3). To determine adherence, a variable regarding meeting the
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recommended 150 minutes of MVPA was computed by
subtracting the baseline measure from the T1 measure. The
resulting variable thereby indicated whether study participants
remained active or inactive (0), fell back into not meeting
recommendations anymore (−1), or became active (1).

Statistical Analysis

Preparation
All analyses were performed using SPSS (version 27; IBM
Corp). The Little missing completely at random test (P>.05)
suggested that data were not missing completely at random (ie,
it suggested that data were missing systematically). Assuming
that existing data could be used to produce an estimate of the
missing information (ie, assuming that data were missing at
random) [74], single data imputation was implemented by using
the expectation-maximization algorithm.

Test of Hypotheses
To assess whether the 2 IGs outperformed the WLCG
(hypothesis 1) on self-reported behavior and stage of change,
frequency analyses and chi-square tests, Z tests, and contingency
coefficient tests were used to test the number of participants
who adopted or maintained an active lifestyle.

Changes in social-cognitive predictors (hypothesis 2) were
analyzed with repeated-measures multivariate analysis of
variance (MANOVA) via mixed-effects generalized linear
models with group and time as factors. For the F values, the
Roy largest root was reported.

The primary aim of the moderated mediation analyses was to
investigate whether the IG allocation (independent variable or
predictor) had an effect on perceived symptoms of depression
(CES-D score) at T1 (dependent variable or outcome), which
is mediated by subjective age at T1 and moderated by the stage
of change in endurance training at T0 (hypothesis 3; see Figure
1 for the proposed model).

The secondary aim of the moderated mediation analysis was to
investigate the same relationship with loneliness as the
dependent variable (hypothesis 4; see Figure 2 for the proposed
model). These associations were investigated using moderated
mediation models within the PROCESS macro (version 3.0;
Hayes, The International Association of Applied Psychology
mediation analysis).

The models were adjusted for the following baseline variables:
loneliness and CES-D score, as well as subjective age, sex, age,
educational status (International Standard of Education), family
status, and BMI (all at T0). A bootstrapping approach of 10,000
samples and a specific seed (seed=1) was applied to ensure
robust and replicable results. The effect sizes were represented
by unstandardized regression coefficients. To calculate the
heteroscedasticity-robust SE, the HC3-Option in the process
function was used. Accordingly, the assumption of
homoscedasticity could be avoided.

Data Exclusion
The analyses were conducted following the intention to treat
principle; that is, participants were included in primary analyses
according to their original group allocation and disregarding

study completion. This was managed by missing value
imputation using an expectation-maximization algorithm.

In addition, according to the study protocol, participants with
cognitive impairments were excluded (37/831, 4.5%; Figure 3).
In addition, missing baseline demographic information was not
imputed; thus, participants with missing information on sex,
age, educational status, family status, or BMI were excluded
from the analyses (73/831, 9%).

Results

Hypothesis 1
To test whether the 2 interventions outperformed the WLCG
(hypothesis 1), the study participants who adopted or maintained
an active lifestyle were analyzed, as recommended by the WHO.
First, those who did not meet the recommendation regarding
PA at T0 based on self-reported adherence were investigated;
of those individuals, more individuals became adherent if they
were exposed to the web-based intervention (47/59, 80%; Table
1) or received the print-based intervention (20/25, 80%) than
those who were not treated (WLCG; 5/7, 71%). At a descriptive
level, the numbers indicate the favoring of the IG over the
control group.

Second, those who met the recommendation regarding PA
before the study were investigated; of these, 600 individuals
self-reported to be adherent at T1. More individuals remained
adherent if they were exposed to the web-based intervention
(396/411, 96.4%) or not treated (WLCG; 141/150, 94%) than
those receiving the print-based intervention (63/69, 91%).

The difference in the proportion of adopters between the
web-based and print-based interventions was statistically
significant (Z=-1.94; P=.02); as well as the differences between
the IGs and the WLCG were significant (WLCG vs print
Z=2.3967 and WLCG vs web Z=3.8367; both P=.01).

This finding was replicated by the stages of change in endurance
training. In Table 2, the number of study participants in the 3
intervention conditions moving from the nonintenders, intenders,
or actor stage to another stage or remaining in the former stage
is reported.

In all stage groups, the percentage of individuals moving a stage
forward (from nonintentional stage to intentional or action, and
from intentional to action) or maintaining the stage when starting
as an actor was higher in the web-based or print group than in
the WLCG (Table 2). In contrast, in the WLCG, the percentage
of individuals remaining in the nonintentional or intentional
stage was higher than that in the IGs (Table 2). The pattern in

Table 2 was statistically significant (χ2
4=79.1; P<.001;

contingency coefficient 0.314; P<.001). Z tests were performed
to test whether group differences in the stage of change
movements were statistically significant, which was the case
for initial intenders who moved to the actor stage (WLCG vs
web-based Z=−4.2325; P=.01 and WLCG vs print-based
Z=−5.349; P=.01) and initial actors who remained in the actor
stage (WLCG vs print Z=−3.1853; P<.01).

Summarizing the findings regarding hypothesis 1 that the
web-based and print-based interventions outperformed the
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control condition in terms of PA behavior change, we can
conclude that our results suggest this direction. The web-based
intervention seemed to work better in terms of the prevention

of remaining in or a relapse into not meeting recommendations
(Table 1) and adopting or remaining in the intender or actor
stage (Table 2).

Table 1. Numbers and percentages of study participants assigned to 1 of 3 experimental groups regarding who met or did not meet the recommended

physical activity level at T0a and T1b.

Total, NAt T1, n (%)At T0

Meeting the recommendationNot meeting the recommendation

Not meeting the recommendation

75 (71.4)2 (28.6)WLCGc

5947 (79.7)12 (20.3)Web-based

2520 (80)5 (20)Print-based

9172 (79.1)19 (20.9)Total

Meeting the recommendation

150141 (94)9 (6)WLCG

411396 (96.4)15 (3.6)Web-based

6963 (91.3)6 (8.7)Print-based

630600 (95.2)30 (4.8)Total

aT0: time point 0.
bT1: time point 1.
cWLCG: wait-list control group.

Table 2. Cross-tabulation of nonintenders, intenders, and actors at T0a moving to or remaining nonintenders, intenders, and actors at T1b depending
on the experimental group they were in.

Total, NActors, n (%)Intenders, n (%)Nonintenders, n (%)T0 and T1

Nonintenders

619 (14.8)16 (26.2)36 (59)WLCGc

209128 (61.2)46 (22)35 (16.7)Web-based

5129 (56.9)13 (25.5)9 (17.6)Print-based

Intenders

3012 (40)11 (36.7)7 (23.3)WLCG

10488 (84.6)11 (10.6)5 (4.8)Web-based

2519 (76)2 (8)4 (16)Print-based

Actors

6642 (63.6)8 (12.1)16 (24.2)WLCG

157141 (89.8)7 (4.5)9 (5.7)Web-based

1816 (88.9)0 (0)2 (11.1)Print-based

All stages together

15763 (40.1)35 (22.3)59 (37.6)WLCG

470357 (76)64 (13.6)49 (10.4)Web-based

9464 (68.1)15 (16)15 (16)Print-based

721484 (67.1)114 (15.8)123 (17.1)Total

aT0: time point 0.
bT1: time point 1.
cWLCG: wait-list control group.
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Hypothesis 2
A total of 2 MANOVAs with 19 predictors (Multimedia
Appendix 1, Table S1) and 3 outcomes (Multimedia Appendix
1, Table S2) were calculated to test hypothesis 2.

The first MANOVA revealed a significant difference between
the 3 groups, favoring the 2 IGs over and above the WLCG

(F19, 701=4.778; P<.001; η2=0.098), as well as a significant
interaction between time and group (F19, 701=2.778; P<.001;

η2=0.070).

This effect was mainly based on intention, negative outcome
expectancies, planning, and habit (see Multimedia Appendix 1,
Table S1, for the means, SDs, and statistics). Figure 4 outlines
the development, indicating that the WLCG dropped slightly
with its intention over time, whereas the 2 IGs improved over
time. Figure 4 shows that the WLCG retained its negative
outcome expectancies, whereas the 2 IGs improved in terms of
perceiving fewer negative outcomes. Figure 4 also demonstrates
that the WLCG dropped with its self-efficacy, whereas
self-efficacy remained stable in the web-based IG and increased
in the print-based IG. Finally, Figure 4 shows that the WLCG
remained stable in terms of habit strength, whereas the 2 IGs
improved over time.

With the second MANOVA testing the outcomes, the effects
of the interventions on subjective aging, loneliness, and
symptoms of depression were tested (Multimedia Appendix 1,

Table S2). Both the between-group effect (F3, 717=8.668; P<.001;

η2=0.018) and the interaction of group and time were significant

(F3, 717=6.101; P<.001; η2=0.025). The group effect was mainly
based on subjective age and symptoms of depression, and the
interaction effect was based on symptoms of depression with
regard to group and time on loneliness (see Multimedia
Appendix 2, Table S1-S3 with means, SDs, and statistics).

Figure 5 highlights that the effect of loneliness comes from
regression to the mean, with the WLCG increasing in its
loneliness, the web-based IG maintaining its previous level, and
the print-based IG decreasing in its loneliness over time. With
subjective age, all groups showed an increase over time (Figure
5). Differences from baseline values remained. Figure 5 also
shows that all groups started off at almost the same level of
depressive symptoms. However, over time, the WLCG increased
with regard to the reported symptoms of depression, whereas
the 2 IGs decreased, with an even better effect of the print-based
intervention than that of the web-based intervention.

Overall, the effect sizes were rather small, ranging from

η2=0.098 to 0.018.

Summarizing the findings regarding hypothesis 2, we found
overall support. The web-based and print-based interventions
improved the social-cognitive predictors of PA behavior change,
subjective aging, loneliness, and depression compared with the
control condition. The web-based and print-based interventions
were significantly different from the control condition.

Figure 4. (A) Intention, (B) negative outcome expectancies, (C) self-efficacy, and (D) habit. T0: time point 0; T1: time point 1; WLCG: wait-list control
group.
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Figure 5. (A) Loneliness, (B) subjective age, and (C) symptoms of depression. CES-D: Center for Epidemiologic Studies Depression; T0: time point
0; T1: time point 1; WLCG: wait-list control group.

Hypothesis 3
To test the mechanisms and hypothesis 3, we conducted a
moderated mediation analysis. The results are shown in Figure
6 and Tables S1 and S2 in Multimedia Appendix 2.

None of the interventions had a significant direct effect on
loneliness compared with the WLCG (web-based: c′ path −0.01,
95% CI −0.11 to 0.08, SE 0.05; print-based: c′ path −0.09, 95%
CI −0.24 to 0.06, SE 0.08). Regarding the mediator subjective

age (subjective age), a significant positive relationship between
subjective age and loneliness at T1 was found (subjective age:
b path 0.01, 95% CI 0.001-0.02; SE 0.01). However, the effect
size was very small, and no significant indirect effects of the
interventions on loneliness through subjective age were revealed.
To summarize, the results suggest that subjective age could not
account for a significant proportion of the relationship between
the IGs and loneliness. Furthermore, there was no significant
interaction, suggesting that there was no moderation of the stage
of change in endurance activities.
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Figure 6. Moderated mediation model results for loneliness. The interaction between the intervention group and the stage of change in the a path is
shown in parentheses. The first value represents the intention stage, and the second value represents the actor stage. The moderation of the ab path is
shown on the upper right. The first value represents the nonintenders stage, the second value represents the intenders stage, and the third value represents
the actor stage. The model was adjusted for the following baseline variables: loneliness, subjective age, sex, age, educational status (International
Standard Classification of Education), family status, and BMI (all at time point 0). The wait-list control group was used as a reference. *Statistically
significant value. T1: time point 1.

Hypothesis 4
To test hypothesis 4, another moderated mediation model was
tested.

The results are shown in Figure 7 and Tables S3 and S4 in
Multimedia Appendix 2.

Validating the previous analyses, both interventions had a
significant direct effect on the symptoms of depression at T1
compared with the WLCG (web-based: c′ path −0.86, 95% CI
−1.58 to −0.13, SE 0.38; print-based: c′ path −1.96, 95% CI
−2.99 to −0.92, SE 0.53). Furthermore, subjective age at T1
was positively related to depressive symptoms (subjective age:

b path 0.14, 95% CI 0.05-0.23; SE 0.05). An indirect
relationship between the intervention and the symptoms of
depression via subjective age was only present for participants
who were both in the actor stage of change for endurance
activities and received the web-based intervention (web-based:
ab path −0.14, 95% CI −0.34 to −0.01; SE 0.09).

Summarizing the findings regarding hypothesis 4, only older
adults in the actor stage of endurance training who received the
web-based intervention were associated with lower symptoms
of depression at T1, which was partially mediated by subjective
age at T1. Thus, the existence of moderated mediation was
confirmed, although all other mediation pathways were not
significant, and the effect sizes were small.
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Figure 7. Moderated mediation model results for depression. The interaction between the intervention group and the stage of change in the a path is
shown in brackets. The first value represents the intention stage, and the second value represents the actor stage. The moderation of the ab path is shown
in the upper right. The first value represents the nonintenders stage, the second value represents the intenders stage, and the third value represents the
actor stage. The model was adjusted for the following baseline variable: depressive symptoms (CES-D), subjective age, sex, age, educational status
(International Standard Classification of Education), family status, and BMI (all at time point 0). The wait-list control group was used as a reference.
*Statistically significant values. CES-D: Center for Epidemiologic Studies Depression; T1: time point 1.

Discussion

Principal Findings
This study aimed to compare the effects of web- and print-based
PA interventions on self-reported PA, stage of change,
determinants of PA, loneliness, and depression. Moreover, the
goal was to investigate whether subjective age is a mediator
and whether the stage of change is a moderator of the
effectiveness in 831 older individuals participating in the
PROMOTE 1 or PROMOTE 2 study.

The main finding was that the print-based and web-based
interventions both worked well and helped a higher proportion
of individuals meet the recommendations for PA and move
forward with their stage of change compared with the WLCG.
Support for the effectiveness of the interventions was also found
regarding the social-cognitive predictors of PA behavior. None
of the interventions had a significant direct effect on loneliness
compared with the control group. Thus, the main assumption
that a PA intervention always helps reduce loneliness does not
hold true. It seems more important to take mastery experience
into account: the results of our moderated mediation analyses
suggest that compared with the WLCG, receiving the web-based
intervention was associated with lower symptoms of depression
at T1 and that subjective age could explain a substantial
proportion of variance. However, this holds true only for
participants in the actor stage of change for endurance activities.
The mechanisms are in accordance with the assumption that
mastery experience and self-regulation—operationalized with
subjective age—help the study participants who are already
physically active at the baseline to reduce their symptoms
because of maintained or improved physical perceptions and
repairing or maintaining interpersonal skills and relationships
[6]. In this group, the PA IG allocation reduced the likelihood

of depressive symptoms and loneliness if they actually felt
younger.

However, compared with the wait-list control, the intervention
did not help older adults feel less lonely, perhaps because of 2
aspects. We revealed a floor effect (ie, generally low loneliness
levels). Moreover, one should also keep in mind that the
intervention was not designed to reduce loneliness but to
increase PA; accordingly, the relationship between the
intervention and feeling lonely was not strong enough to be of
statistical importance. Nevertheless, the effects in the IGs
underlined the importance of supporting active older adults to
remain physically active to feel fit and subjectively young, as
well as to lower symptoms of depression. In the following
paragraphs, the hypotheses are reviewed in more detail, followed
by more discussion.

Hypothesis 1, assuming that web-based and print-based
interventions outperform the control condition in terms of
self-reported PA behavior change, was confirmed by our data.
The interventions seemed to work better in terms of preventing
a relapse into not meeting recommendations anymore and
moving study participants into the actor stage. Without any
intervention, 71% (5/7) of the previously inactive participants
became active at the recommended level. This percentage was
higher in the web-based (47/59, 80%) and print-based groups
(20/25, 80%). Without any intervention, 94% (141/150) of the
previously active study participants remained active at the
recommended level. This percentage was slightly higher in the
web-based group (396/411, 94%).

When replicating this finding with the stages of behavior change,
the effects clearly demonstrated the benefits of the interventions;
in the untreated WLCG, individuals were more likely to remain
in or relapse to the nonintentional stage than the individuals in
the 2 IGs.
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Our results also support hypothesis 2: participation in web-based
and print-based PA interventions was associated with
improvements in the social-cognitive predictors of PA behavior
change, self-reported PA behavior change, subjective age,
loneliness, and depressive symptoms compared with the WLCG.
The web-based and print-based interventions were significantly
different from the WLCG, which matched expectations.

Hypothesis 3 was not supported by our results, as we found that
the results were not consistent with the assumption that
individuals in the IG would benefit from fewer feelings of
loneliness as they would experience a decrease in subjective
age. Regarding hypothesis 4, only older adults who were in the
actor stage regarding endurance training and who received the
web-based intervention revealed an intervention effect on
depressive symptoms (CES-D score), partially mediated by
subjective age at T1. This subgroup reported a lower subjective
age than that of the WLCG, which was further associated with
reporting lower symptoms of depression at T1.

Limitations and Suggestions for Future Work
In this study, only subjective data were included as most of the
variables such as social-cognitive variables, stage of change,
loneliness, subjective age, and symptoms of depression could
only be measured in this form. However, the behavior should
be assessed using objective measures (such as an activity
tracker). Accordingly, validation studies are required to better
understand behavior changes more thoroughly.

In addition, the included study participants were not
representative samples, as many individuals had already met
the behavioral criteria, especially in the first study phase
(PROMOTE 1). Despite the adaptation of the inclusion criteria
for the second phase of the study, the target group of individuals
with low activity was still not sufficiently reached, and their
needs were not adequately addressed. This is a common problem
in public health intervention research, which requires further
effort (eg, to improve the recruitment of nonactive and
low-motivation individuals). Therefore, future studies should
attempt to overcome this problem. Therefore, to address the
needs of these individuals more effectively, need-based
assessments (ie, tailored to current circumstances and hindering
factors) should be conducted in future studies.

Another limitation is access to, and availability of, web-based
technology, particularly among the studied age groups. Thus,
in this context, on the one hand, some of the respondents
interested in the study invitation had to be excluded from
participation as they did not meet the inclusion criterion of
owning a PC or did not have access to the internet.

On the other hand, personal affinity for and acceptance of
modern technology services, which in part becomes apparent
over the course of the study, might affect the success of
information technology interventions and, therefore, should not
be overlooked. These eligibility criteria partly exclude
disadvantaged groups with different psychological preconditions
and developmental possibilities. In the future, such limitations
should be overcome by making study participation more
accessible to individuals with low computer or internet literacy
and technology affinity.

Nevertheless, although it is helpful to compare rather
conventional print alternatives with web-based interventions,
it should also be considered that future senior populations are
likely to have more digital competence. Web-based interventions
offer inclusionary benefits that can be of particular interest when
dealing with an older adult population (eg, text-to-speech options
and variable font sizes). Therefore, the design, content,
formatting, and acceptance of digital or internet interventions
should be further researched and tailored when implementing
interventions for older adults.

In addition, a critical point is selective dropout (eg, higher
attrition in either the web-based IG, in the groups that received
only print-based material, or the WLCG). This was particularly
evident in the first phase of the study among the groups with
high technology requirements (web material and activity trackers
that had to be synchronized with the website). Accordingly,
future projects should support those at risk of dropping out of
the intervention to remain in the study.

A further shortcoming of this study is that the interventions
were designed to improve PA and did not explicitly reduce
loneliness or symptoms of depression directly. As the findings
are promising, future studies should follow up on this as PA
can also be a very effective tool to address these emotions and
cognitions. Parts of the data have already been published, such
as the effects of the interventions on the stages of change in
PROMOTE 1 [50,53]. Consequently, when using these data for
a systematic review or meta-analysis, this needs to be taken into
account.

In general, whether older adults benefit from improved health
(other indicators in addition to symptoms of depression) or
well-being (other indicators in addition to loneliness), health
behavior, and its predictors from print-based material or
web-based interventions still requires more attention, and future
studies should follow up on the mechanisms that explain how
the interventions work.

Process Analysis
The results of the moderated mediation analysis revealed that
there is not only a simple linear effect of the intervention on
symptoms of depression but also that the effects of the
intervention on symptoms of depression are modeled in a more
complex way. Therefore, it can be hypothesized that
interventions generally tend to affect target variables in a
nonlinear fashion and that, in general, interventions and health
should be understood as complex systems. With the actor stage
as a moderator, the conceivable conclusion is that only people
who were physically active before the intervention benefited
from it with regard to the symptoms of depression. Therefore,
the HAPA theory is a helpful tool in designing interventions as
it can assist in identifying a person’s current stage of change
and aid them in moving to the actor stage.

Li et al [47] found that subjective age is related to various health
benefits. In their study, subjective age acted as a mediator
between the intervention and symptoms of depression. With
this in mind, the following can be assumed: in interventions, a
set of variables that can act as potential mediators exists, as
these variables are linked to several health benefits. However,
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it is easy to overlook these mediators when only focusing on
linear and bivariate effects, when, in fact, a mediation might
only apply to a subgroup of individuals. Future research needs
to identify this set of variables and implement it effectively in
intervention frameworks. Subjective age might be one of these
variables, although there might be more underlying components.

Comparison With Prior Work
Loneliness and mental health in the aging population are
important topics, and our data match previous work showing
that physical exercise is a key factor in addressing these issues
[4,6]. However, the effects of the intervention were stronger
regarding behavior adherence and stage (contingency coefficient

0.314), as well as behavioral habits (η2=0.025-0.026), than

regarding loneliness and depression (η2=0.005-0.024). The
finding of stage-specific effects (only actors benefited) with
regard to depression matches the previous finding that
interventions improving PA can also improve mood [7].

To date, little research has been conducted on whether
web-based or print-based interventions are more likely to result
in successful behavior change regarding PA, which can
simultaneously affect feelings of loneliness and depression. By
matching the findings of Golsteijn et al [9], this study revealed
some benefits of the print-based intervention for this age group
[9]. However, in general, the web-based and print-based
interventions were more effective than the WLCG.

Aspects assumed to affect participation in, and effectiveness
of, interventions have been previously studied. With respect to
the uptake of PA offerings and intervention modalities,
sociodemographic differences have emerged in the past.
Accordingly, women, those with higher levels of education,
and those who are already physically active are more likely to
participate [23,75]. Physical inactivity, being overweight, and
having a low educational status were indicators of
discontinuation of the intervention before it was completed [22].
Furthermore, it is known that younger individuals seem to prefer
web-based services [8,76], whereas older adults or women
appear more likely to favor print-based offerings [76].

This and former analyses of the PROMOTE 1 study [50]
identified higher attrition rates in the IGs than in WLCG, which
is in line with other similar intervention studies [77]. This may
be explained by the fact that the participants were more
motivated to stay in the study as they received the program
afterward. However, those who obtained the intervention later
also predominantly maintained their behavior over the course
of the intervention. Cunningham et al [78] found that wait-list
groups interrupt efforts to change and pointed to the importance
of activities toward changing different psychological
preconditions and developmental possibilities. Therefore, to
reduce the dropout rate in the WLCG, individuals randomized

to this group should be informed about the progress and
expected time of participation. As previous studies have
indicated that longer waiting times are associated with higher
dropout rates, the study design should be adapted to decrease
the waiting time for the WLCG [8,22,54].

In addition, in the first phase of the study, the problem of
increased dropout or greater dissatisfaction in the study arms
with a need for greater technical skills and information
technology acceptance became relevant [50]. This has also been
reported by other authors [79]. As a reaction, the study design
for PROMOTE 2 was adapted such that participants could
change the type of materials provided at a defined time point
on a preference basis, which could improve the loss of
participants because of this aspect, as well as the satisfaction
with the intervention in a recognizable way [52].

Conclusions
In times of physical distancing, for instance, during the
COVID-19 pandemic, alternative forms of support, such as
print- and web-based PA exercise content for individual
implementation at home, are essential and in high demand. As
users are very heterogeneous, tailoring PA interventions
according to their specific needs (including differing motivations
to engage in PA) and previous experiences (captured by stages),
as well as according to their individual technology-based
preconditions, could be an effective approach to initiating
behavior change with regard to PA. Particularly, for digital
interventions, the varying availability and use preferences of
digital devices should be considered.

Tools for individual use, including activity monitoring (such as
exercise diaries) and exercise instructions, are highly relevant
for location- and time-independent use. Finally, but importantly,
the relevance is determined by the reduced mobility in old age
and, thus, the possibility or need for exercise at home.

Successful aging in terms of helping older adults feel fit to
perform PA should be considered more explicitly, which can
help to ensure that a PA intervention actually translates into the
reduction of symptoms of depression. At the same time, taking
the stage of change-specific aspects into account can benefit
the knowledge that, similar to this study, the interventions
worked well in intenders and actors for successful aging and
symptoms of depression but not in nonintenders. Nonintenders
might need other support such as just-in-time adaptive
interventions and more instant social support, not only through
print-based and web-based modes. However, the delivered
interventions appeared to be supportive of intenders and actors
and improve the predictors of behavior. Ingredients of the
intervention’s behavior change techniques (ie, goal setting,
planning, social support, and feedback [58]) paid off.
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Abstract

Background: Physical activity (PA) is vital for attenuating the aging-related physiological and functional declines in women
aged 60 years or above. However, little is known about the objectively assessed PA behavior in older women during the COVID-19
pandemic and its association with sociodemographics, health and physical function, and COVID-19 related factors.

Objective: This study aims to examine the objectively measured PA levels and associated factors among older US women who
were living under the physical distancing guidelines during the second year of the pandemic.

Methods: In this cross-sectional study, we collected free-living PA data from 94 community-dwelling older women aged
between 60 and 96 years (mean age 75.1 years, SD 7.3) using wrist-worn ActiGraph GT9X accelerometers between February
and August 2021. We examined whether their daily duration spent in sedentary behavior (SB), light-intensity physical activity
(LPA), and moderate-to-vigorous-intensity physical activity (MVPA) varied by sociodemographic characteristics, health and
physical function, and COVID-19 related factors.

Results: On average, participants accumulated 12.4 (SD 1.9) hours/day in SB, 218.6 (SD 64.3) minutes/day in LPA, and 42.4
(SD 31.0) minutes/day in MVPA, exhibiting overall reduced PA levels than previously published pre–COVID-19 norms of older
US women. Among participants aged ≥80 years, sedentary time was 7.5% (P=.003) higher and the time spent in LPA and MVPA
was, respectively, 13.3% (P=.03) and 44.9% (P<.001) lower than those aged 60-79 years. More MVPA participation and a less
sedentary lifestyle were observed in those who had a higher self-rated health score (MVPA: P=.001, SB: P=.04) and lower fear
of falling (FOF; MVPA: P=.003, SB: P=.04). Poorer performance in the 30-second sit-to-stand (STS) test was independently
associated with more SB (P=.01) and less LPA (P=.04) and MVPA (P=.001) time among participants. In addition, sedentary
time was 5.0% higher (P=.03) in frail and prefrail participants than their healthy counterparts.

Conclusions: During the pandemic, older women spent the majority of their waking time being sedentary, while LPA accounted
for a larger portion of their daily PA. Therefore, replacing SB with LPA (rather than MVPA) might provide a more feasible PA
target for older women, particularly those aged ≥80 years or who have reduced physical function. In addition, targeted interventions
might be beneficial in promoting an active lifestyle for those who live alone, are prefrail or frail, and have a high FOF in older
age.
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Introduction

Background
The worldwide outbreak of COVID-19, caused by a novel type
of coronavirus (SARS-COV-2), was declared a global pandemic
by the World Health Organization (WHO) in March 2020. As
of March 22, 2022, there were 470,839,745 COVID-19 cases
confirmed worldwide, resulting in approximately 5,944,342
deaths [1]. Age and immune-compromised states are directly
linked to the severity and fatality of COVID-19, making older
adults the most significantly afflicted, particularly those with
pre-existing health conditions (eg, chronic respiratory diseases,
diabetes, hypertension, cardiovascular diseases, chronic kidney
diseases) [2]. Hence, the Centers for Disease Control and
Prevention (CDC) has been recommending strong adherence
to physical distancing guidelines (previously known as social
distancing guidelines) to the older adult population [3]. Despite
the easing of stay-at-home order restrictions and advancement
in the rapid, safe production and distribution of authorized
vaccines, the physical distancing recommendations were still
effective in the United States during the second year of the
pandemic (ie, 2021), accompanied by the ongoing vaccination
process and the emergence of new variants of concern (eg, Delta,
Omicron).

However, practicing physical distancing may cause many older
adults to limit their social interactions and out-of-home activities
in community settings, which, in turn, is likely to affect their
habitual physical activity (PA) level. Concerns regarding
reduced PA levels resulting from COVID-19 mitigation
strategies are particularly relevant for women aged 60 years or
above, as they are the least active segment of the US population
when evaluated against the current PA guidelines (ie, ≥150
minutes/week of moderate-to-vigorous-intensity physical
activity [MVPA]). Federal monitoring data show that less than
20% of older US women were engaged in insufficient MVPA,
even prior to the pandemic [4].

Therefore, it is important to examine the factors that may
influence PA behavior in older women during the pandemic so
that age- and gender-appropriate interventions can be tailored.
To date, many studies have reported the factors associated with
PA participation in older adults across different regions of the
world during different phases of the pandemic, but the majority
of these studies relied on self-report questionnaires and surveys
for PA assessment [3,5-10]. Despite large and statistically robust
sample sizes, these prior studies should be interpreted with
caution because they can often be subjected to measurement
biases (eg, social desirability bias and recall bias) and may not
accurately capture the lower end of the PA spectrum (ie,
light-intensity physical activity [LPA]) [11]. Objective PA
measures can overcome these limitations of self-report
questionnaires and provide continuous evaluation of 1 or more
dimensions of PA (eg, frequency, intensity, and duration) in
free-living conditions [12]. So far, a small number of studies

have investigated objectively measured PA levels among
Japanese, Swedish, and Brazilian older adults during the
pandemic [13-16]; however, no study has yet reported
objectively measured PA levels among older US people in the
context of the pandemic.

Identifying nonmodifiable factors (eg, age, race/ethnicity,
educational attainment, living alone) [17] associated with PA
participation can help us in recognizing and targeting subgroups
of older women who have been at higher risk of negative health
consequences resulting from physical distancing adherence and
are in most need of tailored PA interventions. Conversely,
understanding the role of potentially modifiable risk factors (eg,
overweight status, prefrail symptoms, fear of falling [FOF],
upper and lower extremity strength) for reduced PA level during
the pandemic might aid in developing evidence-based programs
to enhance PA behavior in older women. Studies have reported
obesity [18,19], frailty incidence [20], and decline in physical
function (eg, upper and lower body strength) [21,22] to be
associated with lower PA levels in older adults in the
prepandemic period. In addition, FOF has been previously linked
with more sedentary time and less duration in all other PA
domains (both light and moderate-to-vigorous intensity) in a
large cohort of older British men [23]. During the pandemic,
older adults have been more vulnerable to social isolation and
disconnectedness compared to the prepandemic time, due to
changes in their lifestyle under the physical distancing
guidelines. Given that social isolation poses a higher risk of
frailty progression [24,25], increased FOF [26], and reduced
physical functioning [27], it is important to understand how
these factors are associated with different PA intensities among
older adults in the light of physical distancing recommendations.
This, in turn, will allow us to learn from this COVID-19
pandemic regarding PA strategies for older adults during social
distancing and pandemic-related regulations in order to better
prepare us for any similar instances possible in the future.

Goal of This Study
This study aims to examine PA levels among a diverse sample
of older US women who were living under the physical
distancing guidelines during the second year of the COVID-19
pandemic using wrist-worn accelerometry-based analysis. More
specifically, we investigated whether their daily time spent in
sedentary behavior (SB), LPA, and MVPA differed by (1)
sociodemographic status (ie, age, race/ethnicity, education level,
and household composition), (2) health and physical function
(ie, BMI, self-rated health, frailty, FOF, grip strength, and
sit-to-stand [STS] performance), and (3) COVID-19–related
factors (ie, history of being COVID-19 positive, fear of
COVID-19, and perceived severity of COVID-19 in their
community).
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Methods

Study Design and Participants
In this cross-sectional study, an opportunistic sample of 94
community-dwelling older women aged 60-96 years was
recruited from the region of Central Florida, USA, between
February and August 2021. Participants were recruited via word
of mouth and flyers distributed in their communities. The
inclusion criteria were that participants must be aged ≥60 years,
be able to walk (with or without assistive devices but not
requiring assistance from another person), have no marked
cognitive impairment, live in their own homes or apartments,
and be fluent in English or Spanish. The exclusion criteria were
(1) having a medical condition that may preclude engagement
in PA (eg, shortness of breath, dizziness, tightness or pain in
the chest, and unusual fatigue at rest or with light exertion) and
(2) currently receiving treatment from a rehabilitation facility.
This cross-sectional assessment required 1 visit to the study site
during which participants completed the informed consent, a
self-report questionnaire, the Fatigue, Resistance, Ambulation,
Illnesses, and Loss of weight (FRAIL) scale, and Short Falls
Efficacy Scale-International (short FES-I), followed by the
assessment of grip strength and STS performance. At the end
of the visit, each participant was fitted with a wrist-worn
accelerometer and given instructions on how to wear it during
the PA-monitoring period.

Ethical Considerations
The study protocol was approved by the Institutional Review
Board of the University of Central Florida (Protocol No. 2189;
September 10, 2020). All procedures were approved by the
University of Central Florida’s Institutional Review Board
(#00003029). All experimental procedures were performed in
accordance with the University of Central Florida COVID-19
Human Subject Research Standard Safety Plan.

Objective Measurement of PA
ActiGraph GT9X Link (ActiGraph LLC., Pensacola, FL, USA)
was used to measure PA levels among participants. It is a small
(3.5 × 3.5 × 1 cm), lightweight (14 g) wrist-worn device and
contains a triaxial accelerometer with a dynamic range of ±8
gravitational units (g). Participants were required to wear it on
the nondominant wrist for 7 consecutive days in free-living
conditions. They were instructed to remove it only during
sleeping, showering or swimming, and medical imaging tests.
The accelerometer was initialized to record data at a sampling
rate of 30 Hz. After 7 days of PA data collection, the ActiGraph
devices were collected from the participants. At least 6 valid
days of data were required for a participant to be included in
the analysis, and only days during which the accelerometer was
worn for at least 14 hours were counted as valid days.

Raw acceleration data from the ActiGraph devices were
downloaded and converted to “.csv” files using ActiLife 6
v6.13.4 (ActiGraph LLC.). Next, data processing was performed
in R statistical software (R Foundation for Statistical
Computing) using the GGIR package (version 2.4-0) [28]. Data
processing steps in GGIR include (1) autocalibration of
acceleration signals according to local gravity [29], (2) detection

of nonwear time, and (3) calculation of the average magnitude
of dynamic acceleration corrected for gravity (ie, Euclidean
Norm Minus 1 gravitational unit [g; ENMO]) over 5-second
epochs, with negative values rounded to 0 [30]. ENMO was
expressed in milligravitational units (mg) and defined as [31]:

ENMO (mg)=ri–1000

where is the i-th vector magnitude at each time point and 1
g=1000 mg.

Nonwear time and sustained abnormally high accelerations (ie,
≥5.5 g) were imputed using the default settings, described in
detail elsewhere [30]. ENMO cut-off points were used to
estimate the total time spent in SB, LPA, and MVPA among
the participants. The following cut-off points for nondominant
wrist-worn accelerometry for older adults were adopted from
the literature [32,33]: (1) SB<30 mg, (2) 30 mg≤LPA<100 mg,
and (3) MVPA≥100 mg. In addition, to understand the impact
of the pandemic on PA levels among older women, our data
were compared with 2 pre–COVID-19 observational studies
that had large-scale older women population samples and used
a similar protocol and data processing methods as ours [34,35].

Assessment of Factors
A self-report questionnaire was used to obtain sociodemographic
characteristics of participants. Based on age, they were
categorized into 2 groups, 60-79 years and ≥80 years. According
to race/ethnicity, participants were grouped into White and
non-White groups, where the non-White category included
African American, Asian, and Hispanic older women. The level
of education was divided into 2 categories, high school or lower
and college or higher. Household composition was defined as
living alone or living with family. Height was measured using
a stadiometer, and weight was measured using a digital scale.
The BMI was calculated as weight (kg) divided by the square

of height (m2). Based on BMI, the participants were categorized

into normal weight (BMI<25 kg/m2), overweight (BMI=25-29.9

kg/m2), and obese (BMI≥30 kg/m2) [36]. Self-rated health was
obtained using a 5-point Likert scale, and participants were
classified into health status categories of excellent (score=1),
very good (score=2), and good or fair (score≤3). Frailty was
assessed using FRAIL scale, a 5-item self-report tool measuring
fatigue, resistance, ambulation, illnesses, and loss of weight
[37]. Based on the FRAIL score, participants were screened as
healthy (score=0), prefrail (score=1-2), and frail (score=3-5).
FOF was assessed using short FES-I, a 7-item self-administered
tool measuring the level of concern about falling while
performing 7 activities on a 4-point Likert scale (1=not at all
concerned to 4=very concerned) [38]. A short FES-I score
between 7 and 10 indicated a low concern of falling, while a
score between 11 and 28 indicated a high concern of falling.

Grip strength, an indicator of hand and forearm muscle strength,
was measured using a hydraulic hand dynamometer (JAMAR
5030J1, Patterson Medical), following the procedures adopted
by the American Society of Hand Therapists, described in detail
elsewhere [39]. Participants were categorized into low and
regular grip strength groups based on the revised sarcopenia
cut-off point (ie, <16 kg) recommended by the European
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Working Group on Sarcopenia in Older People (EWGSOP)
[40]. The 30-second STS test (also known as the chair-stand
test) was used to assess lower limb muscle strength, endurance,
and balance among participants [39]. STS performance was
divided into below average, average, and above average based
on the age- and gender-specific normative scores provided by
Rikli and Jones [41].

In addition, participants were asked whether they had ever tested
positive for COVID-19. They also rated their perception of
COVID-19 severity in their community over the past month on
a 4-point Likert scale (1=extremely high, 2=moderately high,
3=severe, 4=not severe). Fear of COVID-19 among the
participants was assessed using the Fear of COVID-19 Scale
(FCV-19S), a 7-item, 4-point Likert scale adapted from Ahorsu
et al [42]. An FCV-19S score between 7 and 21 was defined as
normal fear of COVID, while a score between 22 and 35
indicated elevated fear of COVID.

Statistical Analysis
All statistical analyses were performed using R statistical
software (version 4.1.2) with a significance level (α) of .05.
According to the Shapiro-Wilk test, SB and LPA among the
participants were normally distributed, but MVPA showed
nonnormal distribution. Descriptive statistics of PA variables
(expressed as % of total wake time) were presented as means
and SDs for normally distributed data and as medians and IQRs
for nonnormally distributed data. For normally distributed PA
variables, differences across 2 categories and more than 2
categories were examined, respectively, using independent t
tests and 1-way ANOVA, with Bonferroni adjustment for post
hoc comparisons. For nonnormally distributed variable, we
performed the Mann-Whitney U test and the Kruskal-Wallis
test, which are nonparametric equivalences of independent t
tests and ANOVA, respectively.

Multiple linear regression analysis was performed on each PA
outcome variable (ie, SB, LPA, and MVPA, expressed in
minutes/day) to examine their adjusted associations with
different independent variables. The independent variables
included age, household composition, self-rated health score,
frailty status, FOF score, and STS performance. For each PA
outcome, model 1 was adjusted for the BMI and total wear time
and model 2 was adjusted for the BMI and other 2 PA
intensities. A priori sample size calculation revealed that the
minimum required sample size for 9 explanatory variables at a
statistical power level of 0.8 and a medium effect size (Cohen

f2=0.2) would be 87; therefore, our sample size (ie, N=94) was
sufficient for multiple regression. Before conducting the

regression, multicollinearity was checked by examining the
correlation matrix of independent variables for any correlation
coefficient value >0.8. In addition, log10 transformation was
performed on MVPA (minutes/day) in order to meet the linear
regression assumption of normality of residuals. To aid
interpretation, while presenting outcomes for MVPA models,
regression coefficients were back-transformed using the formula

100×(expβ – 1) to indicate the percentage change in MVPA
(minutes/day) for 1-unit change in the corresponding
independent variable [43].

Results

Participant Details
The mean age of participants was 75.1 (SD 7.3) years, and 23
(25%) participants were aged 80 years or above. The mean BMI

was 26.85 (SD 5.42) kg/m2, and 39 (42%) participants were
screened as prefrail. The mean grip strength was 19.0 (SD 5.6)
kg, and the mean 30-second STS score was 14 (SD 6) repetitions
(reps). The median accelerometer wear period for participants
was 16.5 (IQR 15.5-17.6) hours/day. In addition, 85 (90%)
participants had valid data (ie, ≥14 hours/day) on all 7 days.
For the remaining participants (n=9, 10%), valid data were
available for 6 days. All participants were included in the
analysis. Among participants, the mean time spent in SB, LPA,
and MVPA was 12.4 (SD 1.9) hours/day, 218.6 (SD 64.3)
minutes/day, and 42.4 (SD 31.0) minutes/day, respectively.
When expressed as a percentage of total waking time, the mean
time accumulated in SB, LPA, and MVPA was 74.0% (SD
7.9%), 21.8% (SD 6.0%), and 4.2% (SD 3.0%), respectively.

Table 1 summarizes the descriptive statistics and the results
from univariate analyses (parametric: independent t tests and
1-way ANOVA; nonparametric: Mann-Whitney U test and
Kruskal-Wallis test) between PA variables and all factors. The
average sedentary time was significantly higher (P=.003) in
participants aged 80 years or above compared to those aged
60-79 years (78.10%, SD 7.49%, vs 72.70%, SD 7.54%), as
shown in Figure 1. In addition, participants in the ≥80 years age
group accumulated significantly less time in LPA (19.50%,
P=.03) and MVPA (2.12%, P=.001) than those in the 60-79
years age group (LPA: 22.50%; MVPA: 3.85%). We observed
that time spent in MVPA was significantly higher (P=.001) in
participants who lived with their family compared to those living
alone. However, no significant group differences were observed
across race, education level, and BMI categories for any of PA
variables in the current sample.
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Table 1. Time spent in SBa, LPAb, and MVPAc (expressed as % of total wake time), stratified by sociodemographic characteristics, health and physical
function, and COVID-19–related factors.

MVPA (%), mean (SD)LPA (%), mean (SD)SB (%), mean (SD)Participants, n (%)Participant characteristics

3.54 (3.53)21.79 (6.04)73.98 (7.85)94 (100)Total

Age (years)

3.85 (3.50)22.50 (5.84)72.70 (7.54)71 (75)60-79

2.12 (2.76)19.50 (6.18)78.10 (7.49)23 (25)≥80

<.001.03.003N/AdP value

Race

3.27 (1.61)20.68 (6.03)76.06 (7.73)23 (25)Non-White

3.90 (3.74)22.14 (6.04)73.31 (7.82)71 (75)White

.07.32.15N/AP value

Education

3.54 (3.69)21.71 (5.44)73.73 (7.39)67 (71)College or higher

3.36 (3.24)21.97 (7.42)74.62 (9.01)27 (29)High school or lower

.08.85.63N/AP value

Household composition

3.31 (3.07)20.70 (6.5)75.58 (8.58)45 (48)Living alone

3.97 (3.43)22.78 (5.46)72.52 (6.87)49 (52)Living with family

.001.10.06N/AP value

BMIe

3.94 (2.80)22.67 (5.21)72.23 (7.12)38 (40)Normal weight

3.21 (3.83)22.00 (7.11)74.24 (8.84)32 (34)Overweight

2.96 (3.15)20.10 (5.59)76.41 (7.11)24 (26)Obese

.06.26.12N/AP value

Self-rated health

5.02 (5.13)23.64 (5.46)70.07 (7.98)14 (15)Excellent

3.98 (3.25)22.04 (6.64)73.18 (8.28)36 (38)Very good

3.26 (2.29)20.98 (5.67)75.88 (6.99)44 (47)Good or fair

.001.34.04N/AP value

Frailty status

3.15 (3.57)20.23 (5.79)76.10 (7.70)39 (42)Prefrail or frail

3.65 (3.22)22.88 (6.02)72.48 (7.66)55 (58)Healthy

.06.34.03N/AP value

FOFf

2.60 (3.80)20.70 (7.20)76.12 (8.76)36 (38)High

3.94 (3.45)22.45 (5.14)72.66 (6.97)58 (62)Low

.003.28.04N/AP value

Grip strength

3.46 (2.77)22.77 (5.77)73.21 (8.02)40 (43)Low (<16 kg)

3.56 (3.55)21.05 (6.18)74.56 (7.74)54 (57)Regular (≥16 kg)

.39.17.42N/AP value

STSg performance
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MVPA (%), mean (SD)LPA (%), mean (SD)SB (%), mean (SD)Participants, n (%)Participant characteristics

1.13 (1.57)17.72 (6.12)80.42 (7.22)13 (14)Below average

3.58 (3.46)22.39 (6.60)73.40 (8.15)39 (41)Average

3.99 (3.30)22.48 (5.03)72.56 (6.87)42 (45)Above average

<.001.03.004N/AP value

History of being COVID-19 positive

3.54 (3.83)21.66 (6.13)74.01 (8.03)87 (93)No

2.65 (1.15)23.28 (4.84)73.60 (5.37)7 (7)Yes

.42.50.89N/AP value

Fear of COVID-19

3.21 (1.26)23.0 (4.73)74.01 (5.48)8 (9)Elevated fear

3.57 (3.84)21.67 (6.16)73.98 (8.06)86 (91)Normal fear

.26.56.99N/AP value

Perceived severity of COVID-19 in community

3.38 (2.54)21.29 (6.01)74.69 (7.54)42 (45)Severe or moderately
severe

3.62 (4.13)22.18 (6.09)73.41 (8.11)52 (55)Not severe

.51.60.48N/AP value

aSB: sedentary behavior.
bLPA: light-intensity physical activity.
cMVPA: moderate-to-vigorous-intensity physical activity.
dN/A: not applicable.
eBMI: Body Mass Index.
fFOF: fear of falling.
gSTS: sit-to-stand.

Figure 1. Distribution of mean PA levels by age group. LPA: light-intensity physical activity; MVPA: moderate-to-vigorous-intensity physical activity;
PA: physical activity; SB: sedentary behavior.

The average sedentary time for participants with excellent health
status was significantly lower than those rating their health as
fair or poor (mean 70.07%, SD 7.98%, vs mean 75.88%, SD
6.99%, P=.01), as shown in Figure 2. Conversely, the mean
time accumulated in MVPA was lower in participants with fair
or poor health status (mean 3.26%, SD 2.29%) compared to

those with excellent (mean 5.02%, SD 5.13%, P=.001) and very
good (mean 3.98%, SD 3.25%, P=.04) health. We also found
that sedentary time accumulated in prefrail and frail participants
was significantly higher than that of participants with robust
health (mean 76.10%, SD 7.70%, vs mean 72.48%, SD 7.66%,
P=.03).
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In the current sample, older women with low FOF participated
more in MVPA (P=.003) and spent less time in being sedentary
(P=.04) than their high-FOF counterparts (Figure 3). Regarding
physical function, significant group differences were observed
for STS performance but not for grip strength. Participants with
below-average STS scores accumulated more sedentary time
(mean 80.42%, SD 7.22%) and less MVPA time (mean 1.13%,
SD 1.57%) than those with average (SB: mean 73.40%, SD
8.15%, P=.01; MVPA: mean 3.58%, SD 3.46%, P=.001) and
above-average scores (SB: mean 72.56%, SD 6.87%, P=.001;
MVPA: mean 3.99%, SD 3.30%, P<.001), as shown in Figure

4. In addition, time spent in LPA was significantly higher in
participants with above-average STS scores compared to those
with below-average scores (mean 22.48%, SD 5.03%, vs mean
17.72%, SD 6.12%, P=.01).

However, none of the COVID-19–related factors showed
significant group differences for any of the PA variables. This
might be attributed to the fact that only a small proportion of
our study participants had a history of being COVID-19 positive
and showed elevated fear of COVID-19 (ie, n=7, 7%, and n=8,
9%, respectively).

Figure 2. Time spent in (a) SB and (b) MVPA across categories of the self-rated health score. *P<.05 and **P<.01. MVPA: moderate-to-vigorous-intensity
physical activity; SB: sedentary behavior.

Figure 3. Time spent in (a) SB and (b) MVPA according to the FOF. *P<.05 and **P<.01. FOF: fear of falling; MVPA: moderate-to-vigorous-intensity
physical activity; SB: sedentary behavior.

Figure 4. Time spent in (a) SB and (b) MVPA across categories of the 30-second STS score. **P<.01 and ***P<.001. MVPA:
moderate-to-vigorous-intensity physical activity; SB: sedentary behavior; STS: sit-to-stand.
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Table 2 presents the multiple regression models for sedentary
time (minutes/day). In model 1, STS performance showed
significant negative association (β=–3.92, P=.008) with the time
spent in SB. This indicates that, in this current sample, an
increase of 1-unit in STS score would result in a decrease of
sedentary time by 3.92 minutes/day, after adjustment for total
wear time and other variables. In model 2, after controlling for
LPA and MVPA time, STS score did not show significant
association with SB; however, FOF score was significantly
positively associated with more time spent in SB (β=8.99,
P=.01).

Results from multiple regression analysis for LPA (minutes/day)
are reported in Table 3. In model 1 (adjusted for total wear
time), STS performance had a significant positive association
(P=.04) with LPA, indicating an increase of 2.39 minutes/day
of LPA time for each 1-unit increase in the STS score. However,

in model 2 (adjusted for SB and MVPA), no significant
associations were observed between LPA and any independent
variable.

Table 4 presents the back-transformed regression coefficients
for MVPA models. In model 1, STS performance was
significantly positively associated (P=.001) with MVPA,
indicating a 5.13% change in MVPA time (minutes/day) for
each 1-unit increase in the STS score. In model 2, after adjusting
for SB and LPA time, the self-rated health score (β=20.92,
P=.04) and STS performance (β=34.99, P=.02) showed a
significant positive association with MVPA time.

Multimedia Appendix 1 reports the correlation matrix between
all independent variables used in the linear regression analysis.
All correlation coefficients were less than 0.8; therefore, no
multicollinearity was detected.

Table 2. Association with SBa (minutes/day): results from multiple regression analysis.

Model 2cModel 1bParticipant characteristics

P valueβ (SE)P valueβd (SE)

.59–0.99 (1.84).600.60 (1.14)Age (years)

Household composition (Ref.e: living alone)

.4818.82 (26.36).46–12.27 (16.42)Living with family

.638.42 (17.35).97–0.37 (10.67)Self-rated health score

Frailty status (Ref.: prefrail or frail)

.35–25.02 (26.62).51–11.02 (16.78)Robust health

.018.99 (3.57).282.52 (2.32)FOFf score

.920.25 (2.42).01–3.92 (1.44)STSg score (reps)

aSB: sedentary behavior.
bAdjusted for the BMI and total wear time (minutes/day).
cAdjusted for the BMI, light-intensity physical activity (LPA; minutes/day), and moderate-to-vigorous-intensity physical activity (MVPA; minutes/day).
dβ: standardized regression coefficient.
eRef.: reference.
fFOF: fear of falling.
gSTS: sit-to-stand.
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Table 3. Association with LPAa (minutes/day): results from multiple regression analysis.

Model 2cModel 1bParticipant characteristics

P valueβ (SE)P valueβd (SE)

.530.53 (0.83).89–0.13 (0.92)Age (years)

Household composition (Ref.e: living alone)

.822.74 (11.93).4011.12 (13.20)Living with family

.11–12.60 (7.72).35–8.03 (8.58)Self-rated health score

Frailty status (Ref.: prefrail or frail)

.459.08 (12.04).35–12.72 (13.49)Robust health

.441.28 (1.67).26–2.12 (1.87)FOFf score

.650.50 (1.09).042.39 (1.16)STSg score (reps)

aLPA: light-intensity physical activity.
bAdjusted for the BMI and total wear time (minutes/day).
cAdjusted for the BMI, sedentary behavior (SB; minutes/day), and moderate-to-vigorous-intensity physical activity (MVPA; minutes/day).
dβ: standardized regression coefficient.
eRef.: reference.
fFOF: fear of falling.
gSTS: sit-to-stand.

Table 4. Association with MVPAa (minutes/day): results from multiple regression analysis.

Model 2cModel 1bParticipant characteristics

P valueβ (SE)P valueβd (SE)

.06–1.78 (0.95).10–1.98 (1.00)Age (years)

Household composition (Ref.e: living alone)

.1422.14 (15.03).1131.0 (17.35)Living with family

.0420.92 (9.42).2015.03 (11.63)Self-rated health score

Frailty status (Ref.: prefrail or frail)

.43–10.42 (15.02).94–1.00 (18.53)Robust health

.46–1.39 (1.92).11–3.92 (2.02)FOFf score

.0234.99 (1.21).0015.13 (1.00)STSg score (reps)

aMVPA: moderate-to-vigorous-intensity physical activity.
bAdjusted for the BMI and total wear time (minutes/day).
cAdjusted for the BMI, sedentary behavior (SB; minutes/day), and light-intensity physical activity (LPA; minutes/day).
dβ: standardized regression coefficient.
eRef.: reference.
fFOF: fear of falling.
gSTS: sit-to-stand.

Discussion

Principal Findings
This is the first study, to the best of our knowledge, to report
the factors associated with objectively measured PA levels
among a diverse sample of older US women during the
COVID-19 pandemic. Our study findings indicate that
participants spent the majority of their day being sedentary,
confirming the high prevalence of a sedentary lifestyle among

older adults reported in the literature [44]. Evidence suggests
that a higher level of sedentary time remains associated with
greater all-cause mortality risk among older adults, even among
those who meet the national MVPA guidelines of 150
minutes/week [45]. We also observed that participants
accumulated more time in LPA compared to MVPA, which
confirms that LPA is the predominant form of PA behavior
among women aged 60 years or above and accounts for a large
portion of their daily activities [34]. Therefore, to combat a
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sedentary lifestyle, replacing SB with LPA (rather than MVPA)
could be a more achievable target for older women, particularly
those with chronic conditions and low cardiorespiratory fitness.
Studies have reported LPA to be associated with reduced
mortality risk, more favorable cardiometabolic biomarkers, and
reduced incident mobility disorders in older adults [46-48].
Therefore, future studies should focus on identifying the optimal
amount of LPA that may elicit health benefits in older women,
irrespective of their engagement in MVPA, and developing
LPA recommendations for the heterogeneous older adult
population.

Compared to the previously published literature reporting
normative PA levels of older US women in the prepandemic
period using accelerometry-based analysis [49], our study
participants’ PA levels were observed to be lower. Evenson et
al [49] reported the average sedentary time in older US women,
measured by hip-worn accelerometers, to be 510.6 (SD 98.8)
minutes/day in the Women’s Health Study (WHS) cohort
(n=16,726, mean age 71.5 years, SD 5.7 years, age range 62-89
years) and 555.6 (SD 99.4) minutes/day in the Women’s Health
Initiative/Objective Physical Activity and Cardiovascular Health
(WHI/OPACH) cohort (n=6126, mean age 78.7 years, SD 6.7
years, age range 63-97 years), which is less than the sedentary
time among our participants (ie, mean 744, SD 114
minutes/day). Similarly, the average time accumulated in LPA
(ie, mean 218.6, SD 64.3 minutes/day) and MVPA (ie, mean
42.4, SD 31.0 minutes/day) in our study sample was found to
be less than the prepandemic PA norms reported in the WHS
(LPA: mean 287.8, SD 54.63 minutes/day, MVPA: mean 91.9,
SD 45.4 minutes/day) and WHI/OPACH cohorts (LPA: mean
286.9, SD 61.48 minutes/day, MVPA: mean 50.4, SD 34.4
minutes/day). These findings might qualitatively reflect the
trend in PA and SB among older US women before and during
the pandemic, despite the differences in accelerometer placement
and PA intensity cut-off points. Previously, several studies have
reported the negative impact of the pandemic on PA levels of
older adults across different geographical regions during various
phases of the pandemic [10]. Our results imply that despite the
easing of stay-at-home orders in the United States, this trend of
reduced PA participation among older women persisted during
the second year of the pandemic, due to their adherence to the
physical distancing guidelines. Previous findings suggest that
physical distancing poses a risk of diminished social
connectedness and can disproportionately impact older adults
whose social interactions used to take place mostly outside the
home (eg, community centers, volunteering services, places of
worship), affecting their habitual PA level [50]. However, in
this study, we were unable to quantify the longitudinal changes
in PA behavior among our participants, since we did not have
their free-living PA data from the prepandemic period.

This study also investigated the factors affecting the objectively
measured PA and SB among older women during the pandemic.
Our findings indicate that the time spent in SB increased with
older age in our study sample. In general, older adults spend
more time being sedentary than any other age groups [51], and
our results support that even among older adults, older age is
associated with a more sedentary lifestyle [52]. Prior studies
have reported that age-related physiological and functional

declines, as well as the prevalence of chronic diseases, may
limit one’s ability to participate in MVPA in older age [53,54].
Therefore, it is important to identify the barriers to PA
participation (eg, poor health, lack of knowledge, lack of
motivation) in older women, particularly those aged 80 years
or above, and provide individual-specific MVPA
recommendations based on their aerobic capacity. For older
women who cannot achieve 150 minutes/week of MVPA due
to poor health and limited functional capacity, PA interventions
incorporating both LPA and MVPA might provide a more
feasible and sustainable approach in maintaining an active
lifestyle [52].

In our study sample, lower MVPA time was observed in
participants living alone compared to those living with family.
During the pandemic, older women who live alone have been
more susceptible to social isolation than in the prepandemic
time, and the associations between social isolation and lower
self-reported MVPA among older adults have been noted
previously [55]. In addition, a recent study in Japan reported
that during the third wave of the pandemic (ie, January 2021),
recovery in the total PA time since the first wave (ie, April
2020) was observed among most Japanese older adults, except
those who were living alone and were socially inactive [56].
This indicates that living with family might contribute to better
resilience against the negative impact of the pandemic on the
PA behavior of older women, because they are more likely to
obtain valuable knowledge, support, and motivation from family
members for maintaining a healthy lifestyle. In addition, this
highlights the need for increasing social support for older women
living alone in order to effectively promote MVPA participation
among them.

Our findings suggest that better self-rated health was positively
associated with less SB and more MVPA engagement in our
study sample. Previously, existing studies have identified the
bidirectional associations of SB and MVPA with self-rated
health [57-59]. A study on middle-aged US adults reported that
poor self-rated health is linked with adverse longitudinal shifts
toward a more sedentary lifestyle and less MVPA time [58].
Conversely, Beyer et al [59] found that older individuals with
positive self-perceptions of aging are more likely to participate
in PA, which, in turn, improves their self-rated health. Therefore,
PA intervention programs for older women should foster
positive self-perceptions of aging, in conjunction with healthy
lifestyle behaviors (eg, proper nutrition and diet intake, adequate
sleep, no/reduced smoking and alcohol intake) for enhancing
their PA participation so that they can achieve favorable
self-rated health in later life.

Regarding frailty, our finding is consistent with the previous
evidence that irrespective of MVPA participation, a higher level
of SB is associated with the increased odds of being frail or
prefrail in older age [60-62]. This also emphasizes the need for
developing targeted interventions to reduce sedentary time
among prefrail and frail older women, with a particular focus
on decelerating or possibly preventing further functional loss
in prefrail individuals.

FOF causes older adults to limit their habitual PA level, which,
in turn, may increase their risk of falling more [23], and our
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result is in agreement with the existing literature [63,64].
Therefore, it is important to identify the barriers (both physical
and psychological) to PA participation in older women with
high FOF so that tailored interventions can be developed for
those having irrational FOF despite having a low physiological
risk of fall [65]. In addition, to reduce sedentary time in older
women with high FOF and a high physiological risk of fall,
focus should be given on integrated intervention approaches
combining both cognitive behavioral therapy and balance
exercises.

Our key findings indicate that STS performance was
independently associated with all 3 PA variables (ie, SB, LPA,
and MVPA time) in the regression analysis after adjusting for
total wear time. The 30-second STS test is a widely used,
well-validated functional performance measure in clinical
research and practice, having good test-retest and interrater
reliability [66]. STS performance is considered an indicator of
lower limb strength among older adults and has been correlated
with objective strength testing methods, such as leg-press
resistance [67] and power rigs [68]. In our study, participants
with below-average STS scores showed reduced PA levels
compared to those with average and above-average scores.
Previous findings have reported the bidirectional associations
between SB and PA with lower body muscle strength [69],
which is in agreement with our findings. In addition to lower
body strength, STS scores have also been associated with
dynamic balance and mobility [70] and are considered a proxy
measure for physical performance in sarcopenia diagnosis [66].
These highlight the need for developing home-based multimodal
intervention strategies during the pandemic to promote PA
participation among older women, which will include (1)
strength training for improving lower limb muscle mass and
strength and (2) balance exercises for reducing the risk of falls.

Our focus was to identify the factors that were associated with
higher sedentary time and less PA participation in our study
sample during the pandemic. Based on our findings,
considerations should be taken about an older individual’s age
and health status and whether the person lives alone, is frail,
and has high FOF and poor STS performance while providing
PA prescriptions. For instance, if an older person has high FOF
but good dynamic balance (ie, STS performance), the study
result informs that the PA intervention should integrate
approaches to reduce this irrational FOF for promoting PA
participation. Again, if an older woman is more than 80 years
old and has multiple chronic diseases, then PA intervention
focusing on increasing LPA might be more effective and feasible
(rather than increasing MVPA) to combat the sedentary lifestyle.
These examples indicate how this knowledge of different factors
associated with PA participation can contribute to individually
tailored PA prescriptions for older women, rather than a
one-size-fits-all approach, even during their transition to the
postpandemic lifestyle.

Strengths and Limitations
A strength of our study is the accelerometry-based measurement
of the PA level during the pandemic, providing an objective
and detailed description of SB, LPA, and MVPA patterns among
women aged 60 years or above. In addition, identifying the
factors associated with PA behavior provided evidence to
develop informed strategies for maintaining or improving PA
participation among older women in the context of the
pandemic.

There are some recognized limitations of wrist-worn
accelerometry-based studies, which apply to our study as well.
For instance, wrist-worn accelerometers cannot accurately and
reliably detect nonambulatory activities, such as resistance
training or cycling. In addition, in some cases, a wrist-worn
accelerometer can overestimate the PA level of the user while
they perform activities that are primarily upper limb movements
with low energy expenditure (eg, cleaning or sewing in a seated
position). Furthermore, the cut-off points to classify PA intensity
for wrist-worn accelerometers for older adults have not been
firmly established yet. The nondominant wrist ENMO cut-off
points for older adults, reported in the existing literature, range
from 18 to 57 mg for the LPA threshold and 60 to 104 mg for
the MVPA threshold [71-73], which limits the comparability
of results among studies with different cut-off points. Moreover,
due to the cross-sectional study design, we were not able
quantify the change in PA behavior in our participants between
the prepandemic period and the pandemic time, since we did
not have their objectively measured pre–COVID-19 PA data.
Another limitation of this study was the small, nonrepresentative
nature of the sample. This sample was predominantly White,
educated, relatively healthy, and active (75.6% meeting the
national MVPA guidelines), which limits the generalizability
of our findings.

Conclusion
This study investigated objectively measured SB and PA in a
sample of older US women during the COVID-19 pandemic.
When compared to pre–COVID-19 norms of older US women,
it was observed that the total time spent in LPA and MVPA was
lower during the pandemic, while the average sedentary time
was higher. A more sedentary lifestyle was found in participants
who were aged 80 years or above, had poorer self-rated health,
were frail or prefrail, and had high FOF. The time spent in LPA
was significantly lower among women aged 80 years or above.
Participation in MVPA was higher for those who were aged
60-79 years, lived with family, had better self-rated health, and
had low FOF. In addition, it was observed that STS performance
was independently associated with increased PA levels among
participants after adjustment for total accelerometer wear time.
These findings can help design more sustainable and
behavior-changing PA interventions for older women to promote
healthy aging and mitigate long-term health consequences of
the pandemic.
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FES-I: Falls Efficacy Scale-International
FOF: fear of falling
FRAIL: Fatigue, Resistance, Ambulation, Illnesses, and Loss of weight
g: gravitational unit
LPA: light-intensity physical activity
mg: milligravitational unit
MVPA: moderate-to-vigorous-intensity physical activity
PA: physical activity
SB: sedentary behavior
STS: sit-to-stand
WHI/OPACH: Women’s Health Initiative/Objective Physical Activity and Cardiovascular Health
WHO: World Health Organization
WHS: Women’s Health Study
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Abstract

Background: Robot pets may assist in the challenges of supporting an aging population with growing dementia prevalence.
Prior work has focused on the impacts of the robot seal Paro on older adult well-being, but recent studies have suggested the good
acceptability and implementation feasibility of more affordable devices (Joy for All [JfA] cats and dogs).

Objective: We aimed to address the limited effectiveness research on JfA devices.

Methods: We conducted an 8-month, stratified, cluster randomized controlled trial in 8 care homes in Cornwall, United Kingdom.
Over 4 months, 4 care homes each received 2 JfA devices (1 cat and 1 dog; intervention group), and 4 homes received care as
usual (control group). Psychometrics were collected before and after the intervention to compare the change from baseline to
follow-up between the groups. In the final 4 months, all 8 care homes received devices, but only qualitative data were collected
owing to COVID-19 and reduced capacity. The primary outcome was neuropsychiatric symptoms (Neuropsychiatric Inventory
[NPI] Nursing Home version). Care provider burden was a secondary outcome (occupational disruptiveness NPI subscale),
alongside the Challenging Behavior scale, the Holden communication scale, the Campaign to End Loneliness questionnaire, and
medication use. Qualitative data were collected through care staff observation calendars and end-of-study interviews to understand
use, experience, and impact. We also collected demographic data and assessed dementia severity. In total, 253 residents had robot
interaction opportunities, and 83 were consented for direct data collection.

Results: There was a significant difference in the total change from baseline to follow-up between the intervention and control
groups for NPI (P<.001) and occupational disruptiveness (P=.03). Neuropsychiatric symptoms increased in the control group
and decreased in the intervention group. No significant difference was seen for communication issues or challenging behavior.
For NPI subdomains, there were significant differences from baseline to follow-up in delusions (P=.03), depression (P=.01),
anxiety (P=.001), elation (P=.02), and apathy (P=.009), all of which decreased in the intervention group and increased slightly
in the control group. The summative impact results suggested that most residents (46/54, 85%) who interacted with robots
experienced a positive impact. Those who interacted had significantly higher dementia severity scores (P=.001). The qualitative
results suggested good adoption, acceptability, and suitability for subjectively lonely individuals and lack of a novelty effect
through sustained use, and demonstrated that the reasons for use were entertainment, anxiety, and agitation.

Conclusions: Affordable robot pets hold potential for improving the well-being of care home residents and people with dementia,
including reducing neuropsychiatric symptoms and occupational disruptiveness. This work suggests no novelty effect and
contributes toward understanding robot pet suitability. Moreover, interactions were more common among residents with more
moderate/severe dementia and those subjectively lonely.

JMIR Aging 2022 | vol. 5 | iss. 3 | e38864 | p.42https://aging.jmir.org/2022/3/e38864
(page number not for citation purposes)

Bradwell et alJMIR AGING

XSL•FO
RenderX

mailto:hannah.bradwell@plymouth.ac.uk
http://www.w3.org/Style/XSL
http://www.renderx.com/


Trial Registration: ClinicalTrials.gov NCT04168463; https://www.clinicaltrials.gov/ct2/show/NCT04168463
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Introduction

Background
Robot pets may offer a psychosocial method of improving
well-being in older adults and people with dementia. The most
well researched robot pet is Paro, the robot seal [1,2]. The use
of Paro for individuals in care homes or those with dementia
suggests benefits of reduced agitation and depression [3], more
adaptive stress responses [4], reduced loneliness [5], reduced
care provider burden [4,6], and reduced psychoactive and
analgesic medication use [7]. However, Paro is expensive at
approximately GBP 5000 (approximately US $6000) per robot,
and this limits the number of people able to benefit from
interactions [8]. The impact of this cost is evident in the limited
number of real-world implementations of Paro. Additionally,
robot pet alternatives to Paro have received much less research
interest, creating further requirement for work such as this study.

The Joy for All (JfA) cat and dog seem to be preferred over
Paro by older people in the United Kingdom, are more
affordable [9-12], and are now widely used [13], although there
is relatively little formal research on their benefits. A
longitudinal 6-month staff diary study suggested that JfA devices
had potential benefits of reduced agitation, increased
communication, positive experiences, and de-escalated situations
[14]. Other studies of JfA devices suggested possible positive
impacts [15], including for communication, with conversations
being facilitated [16,17], as well as providing companionship
[18,19] and improving loneliness, mental well-being, and
purpose [20]. However, there were some incidences of negative
responses, such as jealousy and over-attachment [14], or dislike
and rejection [16]. Much of the prior work with JfA devices has
been conducted with community-dwelling older adults
[16-18,20] and is mainly qualitative, with small samples [17,18].

Wexler et al [21] conducted a randomized controlled trial (RCT)
with a JfA cat and dog in older adults who were hospitalized.
A total of 160 older adults took part, with 80 receiving animals
for the duration of their hospitalization and 80 receiving
15-minute visits from a nursing student (control group).
Participants who received the JfA robot pet experienced less
delirium and loneliness, and fewer falls. There was no significant
effect found for cognition or depression. However, the study
was conducted within a hospital rather than a care home, and
each participant received a robot, which would be costly for
care homes, even at the more affordable price. The study also
did not measure impacts on symptoms, such as agitation and
anxiety, which are commonly reported outcomes for people
receiving robot pets [2,14]. It is unclear at present why the
participants had been hospitalized, if any participants had
dementia, or if the participants usually resided in the community
or in care facilities. The duration of hospitalization is also
unclear.

Marsilio et al [19] conducted the most relevant study. In their
study, they provided a JfA cat to 11 care home residents for 6
weeks. They measured agitation, oxygen saturation, heart rate,
and medication use at baseline and following the intervention.
Qualitative weekly reflections were also maintained. They
observed a decrease in agitation and an increase in oxygen
saturation. However, the study had a small sample, was over a
short timeframe, and had no control group. The authors provided
limited details on device implementation, such as quantity,
intervention dose, intervention schedule, or method of use (eg,
facilitated/unfacilitated interactions or individual/group
sessions).

Aims
We aimed to address the lack of longer-term real-world research
by performing a study with a large sample of care home
residents and exploring the effectiveness of affordable robot
pets. In particular we (1) explored if affordable robot pets led
to improved well-being for an intervention group in comparison
with a control group; (2) aimed to provide an indication of
whether robots are robust and engaging over 8 months; and (3)
identified under what circumstances and for which care home
residents the robot pets were used.

Methods

Ethics Approval and Trial Registration
This study received ethical approval from the Health Research
Authority (November 13, 2019; North East – Newcastle & North
Tyneside 2 REC; Integrated Research Application System
number: 268571). This study was registered on
ClinicalTrials.gov (November 19, 2019; reference
NCT04168463), and is reported following the CONSORT 2010
statement: extension to cluster randomized trials [22].

Research Design
This study was planned as a stepped-wedge, stratified, cluster
RCT [23]. The clusters were 8 care homes. However, the trial
commenced in January 2020, and the COVID-19 pandemic,
resultant care home lock downs, staff workloads, and resident
deaths meant that we were unable to carry out the RCT as
originally planned. This variation in the planned RCT is
described in Multimedia Appendix 1. The study, as conducted
(Figure 1), comprised a 4-month, parallel, stratified, cluster
RCT with 4 care homes in each arm. This was followed by a
qualitative study over an additional 4 months, where all 8 care
homes received robots, which ended with staff telephone
interviews and a summative impact question. The summative
impact question was a simple tool designed by the authors,
where staff were asked what impact the robots had for each
resident (no impact, positive impact, negative impact, or no
interaction).
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Figure 1. Research design and data collection. JfA: Joy for All.

As demonstrated in Figure 1, the quantitative scales represented
a parallel control trial, where metrics were collected for residents
in the control and intervention groups at baseline and in the
following 4 months. As care staff capacity was limited by the
pandemic, scales were not repeated at 8 months. Diary records
were maintained in both the control homes and intervention
homes for the first 4 months. Due to limited staff capacity during
pressures of the pandemic, diary entries were not recorded from
4 to 8 months. The qualitative impact of robots for all residents
in all 8 homes was collected at 8 months through telephone
interviews and a summative impact question.

Collaborating Sites
Eight residential care facilities present in rural towns in
Cornwall, comprising 4 care homes with nursing care and 4
residential-only care homes, with a total resident population of
253, agreed to collaborate before the start of the project. Sixteen
care staff became collaborators for the purpose of completing
scales and recording observations of residents. Homes were
eligible for participation if they provided residential care or
nursing to older adults, were situated in Cornwall, United
Kingdom, and allowed regular researcher visits.

Recruitment of Residents for the Collection of
Individual Data
In November 2019, researchers and care staff talked to residents
or residents’ relatives to gauge interest in participation. Prior
to randomization, written informed consent was obtained
directly from 30 individuals with the capacity to consent and
from 53 authorized third parties for individuals without capacity.
Where consent involved advice from a consultee of a participant,
care home collaborators were encouraged to use measures of
assent throughout the trial to ensure participant comfort. Care

staff were asked to be mindful not to cause residents distress if
they did not like the robots. The 83 care home residents recruited
for directly collected data comprised 61 females and 22 males,
and represented 32.8% (83/253) of all residents who had access
to the robot pets. To allow stratified randomization, staff
assessed consenting residents using the Dementia Severity
Rating Scale [24]. This provides a score ranging from 0 to 54,
with 0-18 indicating mild dementia, 19-36 indicating moderate
dementia, and 37-54 indicating severe dementia.

Randomization
The 8 care homes were stratified into 4 pairs based on the
number of consented residents, average age, and average
dementia severity (as key factors likely to influence behavior)
using randomly permuted blocks of size 2 by HB. Each member
of the pair was then randomly allocated to either group A or
group B, and finally group A and group B were randomly
allocated by a separate researcher (KJE) using a random number
generator to the intervention or control arm in a 1:1 ratio (homes
1-4 and homes 5-8).

Data Collection

Individual Participant Data
We aimed to collect pre/post data on 5 scales for 83 residents
who had consented. The primary outcome was neuropsychiatric
symptoms, measured with the Neuropsychiatric Inventory (NPI)
by staff [25], with higher scores indicating higher symptom
prevalence. Secondary outcomes were measured with the
Challenging Behavior Scale [26], Holden Communication Scale
[27], and NPI occupational disruptiveness subdomain scale by
staff. Residents were assisted in directly completing the 3-item
Campaign to End Loneliness [28] questionnaire. The 5 scales
were completed at baseline (December 2019) and at 4 months
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(May 2020). Finally, staff indicated, through a summative
impact question, whether (1) each resident had no interaction
with robots, (2) robots had a negative impact, (3) robots had no
impact, or (4) robots had a positive impact for all participants
at 8 months, as part of an end of study reflection, when the
intervention group had been using robots for 8 months and the
control group had been using robots for 4 months.

Data Collection Tools for Individual Outcomes at
Baseline and 4 Months
The primary outcome was assessed with the NPI Nursing Home
version [25] (total score 0-120), with higher scores indicating
higher symptom prevalence.

The secondary outcomes were assessed with the following: (1)
Challenging Behavior Scale [26] (scored 0-400), with higher
scores indicating more challenging behavior; (2) Holden
Communication Scale [27] (scored 0-48), with higher scores
indicating greater communication challenges; (3) Campaign to
End Loneliness Measurement Tool (3-item) [28] (scored 0-12),
with higher scores indicating greater loneliness; and (4) NPI

subdomain scales [25] (scored 0-12) and NPI occupational
disruptiveness scale (scored 0-50), with higher scores indicating
more disruptiveness.

Cluster (Care Home) Level Data at 8 Months
Moyle et al [29] noted that behavioral and psychological
improvements were not always shown through the chosen scales,
and that an evaluation should look beyond these for a picture
of overall effectiveness, including comments and observations
of care staff and family members. Collaborating care staff in
all homes were encouraged to record observations on their
calendars using an experience sampling method [30]. Based on
our previous use of diaries [14], we created wall-hung calendars
for data entry (Figure 2).

Staff were asked to record notes on the calendar each time they
observed resident-robot interactions, where possible. We also
conducted qualitative semistructured interviews with care staff
at 8 months, with open questions aiming to understand the
robots’ use, engagement, and impact, and the experiences of
the staff and residents (Textbox 1).

Figure 2. Example calendar for recording activities. Monday and Tuesday rows are shown (full page includes all days of the week).

Textbox 1. Semistructured interview guide.

Questions (text in brackets was not spoken but provided as notes for the researchers; additionally, questions on benefits were only asked if benefits
were mentioned)

• Tell me about your experience with the robot pets here at (name of home)?

• How were the robot pets used?

• Was there any impact? (positive or negative impact – follow up questions included: please explain how many residents benefitted [if benefits
were mentioned] and how?)

• (If benefits were mentioned above) Which residents benefited? Would you say there were residents the pets were more or less suited to based
on your first-hand experience?

• Were there any particular features of the pets you perceived positively based on their use here with residents?

• Were there any particular features of the pets you perceived negatively based on their use here with residents?

• How did the residents engage with the robot pets?

• Has there been any change in their use over time?

• Has there been any change in reactions over time?

• Any additional comments or observations?

• Were there any practical considerations? (eg, robustness, cleaning, and batteries)

• How did the COVID-19 pandemic and lockdown affect use?
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Intervention
In mid-January 2020, homes in the intervention group were
gifted a JfA cat and dog to keep indefinitely and to use or not
use as they felt appropriate. The researcher provided infection
control information [31], providing care homes with the cleaning
protocol and informing them of products to use. This study
aimed to respond to limitations of trials with highly controlled
intervention doses, and explore robot pet effectiveness rather
than efficacy [32]. The researcher discussed past research with
care home staff, providing examples and ideas, including prior
work that implemented robots with structured daily group or
individual sessions [3,29], or used robots when required for
reducing loneliness, anxiety, depression, or agitation, as in
previous research with Paro [33]. Decisions on robot use were
then left to the professional judgement of care staff. In the fourth
month of the trial, the pandemic resulted in changes to the use
of robots, with homes tending to reserve robots for specific
individuals during specific times, rather than conducting group
activities with robots passed between residents.

Sample Size
The sample size was primarily informed by feasibility and the
number of residents in each home providing consent, but we
calculated the minimum number required for the total sample.
Based on previous work reporting on the minimal clinically
important difference for the original NPI [34], we calculated
using the lower value of 2.77, with an estimated SD of 3.31. To
detect a difference of 2.77 between groups, based on 80% power
and 5% significance, a sample size of 25 per condition would
be required, inflated by 20% to account for any loss to
follow-up, resulting in a total sample size of at least 70
individuals.

Data Analysis
Descriptive statistics are presented as mean (SD), median (IQR),
and n (%). The changes from baseline to 4 months on the
primary and 3 secondary ordinal scales were compared between
the control and intervention groups using the Mann Whitney U
test. SPSS 25 (IBM Corp) was used for statistical analysis. A
P value <0.05 was considered to indicate statistical significance.

Qualitative diaries and interviews were individually subject to
content analysis, and have been reported together due to great
similarity of themes. Content analysis follows similar processes
to thematic analysis, involving coding and categorizing of
textual information; however, the frequency of occurrence is
of additional importance [35].

Quantitative Scales
For the quantitative measures, we first report the primary (NPI)
and secondary psychometric outcomes (communication,
challenging behavior, and occupational disruptiveness) and
report intention-to-treat (ITT) results for all residents (as
randomized) who survived to the 4-month follow-up (n=63).
We then report NPI subdomain results, followed by the
summative impact question completed by a staff member at 8
months, to indicate the overall robot impact for each consented
resident (n=83). We subsequently report a comparison of the
characteristics of residents who did and did not interact with
robots during the study, to comment on the suitability of the
devices, based on residents who survived till follow-up (n=63).
This was because of the possibility that residents who died never
had the opportunity to interact with the robots, rather than, for
example, rejected the robots owing to a lack of suitability.

Results

Participants
The average age of consented participants was 87.21 years (SD
7.42 years), and the average dementia score was 32.11 (SD
10.52) (Tables 1 and 2). Twenty of the 83 residents recruited
died during the study, leaving 63 participants for analysis (49
females and 14 males) (Table 1; Figure 3). There was no
difference in the dementia severity (U=513; n=63; P=.65) or
age (U=549; n=63; P=.34) of residents included in the analysis
between the intervention and control groups.

Figure 3 shows that a greater number of deaths occurred in the
intervention group than in the control group. Considering our
concerns on infection control and the timing of the trial in the
early stages of the COVID-19 pandemic, we carried out more
detailed analysis of deaths and enquired with care home staff.
Further details are given in Multimedia Appendix 2.
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Table 1. Demographic characteristics of the participating homes and consented participants.

Residents included in the
analysis (N=63)

Gender (22 M, 61 F)aConsented residents
(N=83)

Total residents
(N=253)

Staff collaborators
(N=16)

Site typeHome

33 M, 6 F9332Nursing1b

101 M, 10 F11162Residential2b

44 M, 5 F9362Nursing3b

94 M, 8 F12362Residential4b

44 M, 3 F7362Nursing5

124 M, 9 F13272Residential6

121 M, 12 F13312Nursing7

91 M, 8 F9382Residential8

aM: male; F: female.
bHomes included in the intervention group (see Figure 1).

Table 2. Demographic characteristics of the consented participants.

Dementia severity score for the
analyzed residents (scored 0-54),
mean (SD)

Dementia severity score for the
consented residents (scored 0-
54), mean (SD)

Age of the residents analyzed
(years), mean (SD)

Age of the consented resi-
dents (years), mean (SD)

Home

43.33 (9.71)40.56 (9.38)86.33 (7.37)87.67 (6.73)1a

17.30 (10.76)19.63 (12.82)90.10 (7.97)90.73 (7.85)2a

37.50 (7.59)44.11 (8.25)83.00 (7.39)82.89 (2.51)3a

28.56 (15.58)32.58 (15.77)85.33 (6.1)85.08 (6.33)4a

35.75 (7.58)36.14 (10.07)87.75 (9.60)86.29 (10.05)5

4.75 (5.93)5.23 (5.93)89.42 (9.14)90.46 (9.53)6

47.33 (6.03)46.77 (6.13)85.75 (8.41)85.15 (8.34)7

31.89 (15.84)31.89 (15.84)89.44 (8.00)89.44 (8.00)8

30.80 (9.88)32.11 (10.52)87.14 (8.00)87.21 (7.42)Overall

aHomes included in the intervention group (see Figure 1).
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Figure 3. CONSORT diagram of trial recruitment, allocation, and analysis of data.

Psychometric Analysis
The data for communication issues, challenging behavior,
neuropsychiatric symptoms, and occupational disruptiveness
are presented in Tables 3 and 4.

Table 4 demonstrates that based on ITT analysis, there was a
significant difference in the total change in NPI and occupational
disruptiveness scores between the intervention and control
groups. Neuropsychiatric symptoms increased in the control
group and decreased in the intervention group. No significant
difference was present for communication issues or challenging
behavior from baseline to follow-up between the control and
intervention groups.

NPI data for the intervention and control groups are presented
in Tables 5 and 6.

When looking at the individual domains, there was a significant
difference between the control and intervention groups in the
total change from baseline to follow-up for delusions,
depression, anxiety, elation, and apathy, all of which decreased
in the intervention group and increased slightly in the control
group. There was no significant difference from baseline to
follow-up between the 2 groups for other subdomains.
Multimedia Appendix 3 presents issues in the normality of the
data, justifying the choice of nonparametric analysis.
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Table 3. Baseline and 4-month scores for communication issues, challenging behavior, neuropsychiatric symptoms, and occupational disruptiveness
in the control and intervention groups.

Intention-to-treat analysis (as randomized) (N=63)aScale (scoring)

Follow-upBaseline

Intervention (n=26)Control (n=37)Intervention (n=26)Control (n=37)

Median
(IQR)

Mean (SD)Median
(IQR)

Mean (SD)Median
(IQR)

Mean (SD)Median
(IQR)

Mean (SD)

14.00
(29.75)

17.23
(15.33)

22.00
(30.00)

21.97
(15.12)

15.00
(20.75)

16.58
(11.85)

21.00 (29.5)20.57
(15.13)

Communication (0-48)

19.50
(36.00)

31.85
(38.39)

29.00
(73.00)

48.22
(53.98)

26.00
(53.00)

43.38
(43.02)

32.00
(82.00)

54.86
(56.95)

Challenging behavior (0-
400)

9.00 (10.75)9.62 (7.83)11.00
(26.00)

19.41
(18.72)

15.00
(22.50)

19.19
(17.08)

16.00
(13.50)

16.64
(16.41)

Neuropsychiatric Inventory
(0-120)

1.00 (3.25)3.19 (4.54)3.00 (8.50)5.46 (6.26)3.00 (7.00)4.42 (4.86)4.00 (8.00)5.51 (6.37)Neuropsychiatric Inventory
occupational disruptiveness
(0-50)

aThe intention-to-treat analysis excludes the 20 residents who died but includes the 63 who potentially had access to the robots.

Table 4. Difference in communication issues, challenging behavior, neuropsychiatric symptoms, and occupational disruptiveness from baseline to
follow-up between the control and intervention groups.

Intention-to-treat analysis (as randomized) (N=63)bScale (scoring)a

Test of difference (control vs inter-
vention)

Difference (baseline to follow-up), mean (SD)

Mann-Whitney U test P valueIntervention (n=20)Control (n=26)

.180.65 (7.54)1.41 (6.00)Communication (0-48)

.35−11.54 (23.92)−6.65 (25.65)Challenging behavior (0-400)

<.001−9.58 (14.06)2.76 (9.43)Neuropsychiatric Inventory (0-120)

.03−1.23 (2.53)−0.05 (2.47)Neuropsychiatric Inventory occupational
disruptiveness (0-50)

aFor all scales, higher scores indicate greater prevalence of challenges.
bThe intention-to-treat analysis excludes the 20 residents who died but includes the 63 who potentially had access to the robots.
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Table 5. Baseline and 4-month Neuropsychiatric Inventory domain data for the intervention and control groups.

Follow-upBaselineScale (scored 0-12)

Intervention (n=26)Control (n=37)Intervention (n=26)Control (n=37)

Median
(IQR)

Mean (SD)Median
(IQR)

Mean (SD)Median
(IQR)

Mean (SD)Median
(IQR)

Mean (SD)

0.00 (0.00)0.19 (0.80)0.00 (.50)1.43 (3.18)0.00 (0.25)1.57 (3.34)0.00 (0.00)0.76 (2.46)Delusions

0.00 (0.00)0.27 (0.87)0.00 (0.00)1.03 (2.69)0.00 (0.00)0.73 (1.95)0.00 (0.00)0.49 (2.04)Hallucinations

0.00 (0.25)1.00 (2.40)2.00 (7.00)3.70 (4.27)2.50 (6.00)3.42 (4.20)4.00 (7.50)4.68 (3.86)Agitation

0.00 (2.50)1.62 (3.03)2.00 (5.00)3.03 (2.94)0.50 (4.50)2.08 (2.53)2.00 (3.00)2.43 (3.21)Depression

0.00 (0.00)0.84 (2.12)2.00 (6.00)2.92 (3.55)0.00 (8.00)3.31 (4.25)1.00 (3.50)2.30 (3.19)Anxiety

0.00 (0.00)0.92 (2.61)0.00 (0.00)0.84 (2.28)0.00 (2.00)1.31 (2.65)0.00 (0.00)2.30 (3.19)Elation

0.00 (4.00)2.38 (3.45)2.00 (4.00)2.76 (3.55)4.00 (6.00)3.58 (3.30)2.00 (4.00)2.24 (2.56)Apathy

0.00 (0.00)0.00 (0.00)0.00 (0.00)0.78 (2.76)0.00 (0.00)0.37 (1.30)0.00 (0.00)0.78 (2.76)Disinhibition

0.00 (1.25)1.19 (2.83)0.00 (6.00)2.59 (3.48)0.00 (2.00)1.54 (3.05)1.00 (4.00)2.62 (3.36)Irritability

0.00 (0.00)1.19 (2.68)0.00 (0.00)0.32 (1.11)0.00 (0.75)1.31 (2.69)0.00 (0.00)0.14 (0.67)Motor behaviors

0.00 (0.50)1.27 (2.91)0.00 (0.00)0.24 (1.04)0.00 (2.25)1.38 (2.74)0.00 (0.50)1.22 (2.85)Sleep behaviors

0.00 (0.00)0.88 (2.80)0.00 (0.00)0.35 (0.92)0.00 (0.00)1.81 (4.10)0.00 (0.00)0.46 (1.10)Eating behaviors

Table 6. Difference in the Neuropsychiatric Inventory domains from baseline to follow-up between the intervention and control groups.

Intention-to-treat analysis (as randomized) (N=63)Scale (scored 0-12)

Test of difference (control vs intervention)Difference (baseline to follow-up), mean (SD)

Mann-Whitney U test P valueIntervention (n=26)Control (n=37)

.03−1.38 (3.46)0.68 (2.85)Delusions

.06−0.46 (2.21)0.54 (1.48)Hallucinations

.22−2.42 (3.76)−0.97 (2.93)Agitation

.01−0.46 (3.19)0.56 (2.30)Depression

.001−2.46 (4.37)0.62 (1.93)Anxiety

.02−0.38 (2.47)0.62 (2.00)Elation

.009−1.19 (3.14)0.51 (2.43)Apathy

.08−0.35 (1.29)0.00 (0.00)Disinhibition

.55−0.35 (3.39)−0.03 (3.47)Irritability

.10−0.12 (0.59)0.19 (0.81)Motor behaviors

.19−0.12 (0.99)−0.97 (2.98)Sleep behaviors

.34−0.92 (3.26)−0.11 (0.66)Eating behaviors

Summative Impact Question
The summative question asked about care staff members’
perceptions of robot use and the impact for all residents at the
8-month time point after all homes had received robots and had
been implementing them for either 4 or 8 months. Among the
residents reported to interact with the robots (54/81), 85%
(46/54) were reported to have positive experiences. Table 7
demonstrates that most residents who survived the 8 months
and were included in the analysis (61/81) interacted with the
pets (46/61, 75%), and that most (40/61, 66%) experienced a
positive impact, with only 1 resident (male) experiencing a

negative impact. This summative question provided the
perception of 1 member of the staff in each home, and thus,
there may be inaccuracies based on different staff members
observing robot use with different residents, although the
collaborating staff member was always the staff member in each
home with the most insight and experience. Additionally, this
observation may suffer from memory strain, with staff asked
to reflect over the prior 8 months. However, as nearly a quarter
(15/61) of the residents included in the analysis did not interact
with the robots (Table 7), we performed a comparison of the
characteristics of residents who did and did not interact with
the robots to comment on suitability.
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Table 7. Care staff summative estimation of the impact of robot pets for each resident at 8 months (N=83).

Positive

impact

No impactNegative impactNo interactionDied by the 4-
month follow-up

Consented

participants

Total number
of residents

Care home

Intervention care home, n

410469331

9002111162

310559363

9102312364

2530131541121Overall

Control care home, n

310037365

3007113a276a

9300113317

601209388

21419542132Overall

46 (56.8)a7 (8.6)a1 (1.2)a22 (27.2)a20 (24.1)83 (32.8)253 (100)All participants, n (%)

40 (65.6)a5 (8.2)a1 (1.6)a15 (24.6)aN/AN/AN/AcResidents included in the

RCTb analysis at 4 months

(n=61a), n (%)

aData on interaction are missing for 2 people in home 6.
bRCT: randomized controlled trial.
cN/A: not applicable.

Difference Between Interacting and Noninteracting
Residents
Residents who subsequently went on to interact with robots had
significantly higher dementia severity scores than residents who
did not interact (Table 8). On average, residents who did interact
were considered to be at the higher end of moderate dementia

(19-36), while residents who did not interact were considered
to have mild dementia (0-18). The interacting residents also had
significantly poorer communication scores and scored
significantly higher for challenging behaviors and NPI
occupational disruptiveness. There was no difference in the
overall NPI score, age, or gender.

Table 8. Baseline characteristics of residents who did and those who did not interact with robots.

Mann-Whitney U test P valueResidents who did not interact (n=15),
mean (SD)

Residents who did interact (n=46),
mean (SD)

Scale

.00511.20 (11.98)22.22 (13.29)Communication

.00322.20 (26.27)61.02 (54.73)Challenging behavior

.0611.40 (9.06)20.28 (18.09)Neuropsychiatric Inventory

.012.27 (2.84)6.15 (6.23)Neuropsychiatric Inventory occupa-
tional disruptiveness

.00114.73 (16.03)33.46 (15.60)Dementia severity

.3288.47 (9.08)87.02 (7.68)Age (years)

The above findings suggest that robots are perhaps more suited
to residents scoring higher for dementia severity, who also
experience more communication issues and challenging behavior
as associated symptoms.

The fact that many care homes restricted shared robot use from
4 months onwards would have influenced some residents not
interacting, particularly in control homes where robots were
only provided from month 5. However, homes reported aiming

to allow interested participants opportunities to interact
(individually after robot cleaning rather than group sessions),
and robots tended to become adopted by residents who found
particular benefit. Staff reported not pursuing interactions with
residents who were disinterested, feeling they were best placed
with adoptees in any case.
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Qualitative Calendar Entries
During the first 4 months, staff in the 4 control homes provided
139 days of calendar entries describing usual resident activities
and moods. Staff in the 4 intervention homes provided 109 days
of calendar entries. In total, about 25% (248/960 [8×120]) of
care-home-days were captured. The diaries reported a total of
516.3 hours of interaction with the robots over the 4 months,
with an average interaction length of 3.9 hours. The range of
interaction lengths varied from 0.25 hours to 24 hours, where
residents kept the robot with them all day and night. On average,

4 residents interacted with the robots on each reported day
(range 1-8). The main reasons recorded in the reason for use of
robots were entertainment, anxiety, and agitation (Table 9). In
control homes, typical activities included singing, manicures,
reminiscence, television, garden games, hairdresser visits, and
quizzes.

Table 10 demonstrates the themes resulting from analysis of
comments made in the calendars and interviews. The full table
of themes with quotes as example evidence is available in
Multimedia Appendix 4, further to a full narrative on the themes.

Table 9. Reported reasons for using robots (N=109).

Value, nReason

40Entertainment

33Anxiety

31Agitation

30Boredom

10Group session

7Company

6Love

4Cuddles

3Nurturing

3Loneliness

2Affection

1Stress

1Distress

1Distraction

1Observation

1Sadness

1Reassurance
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Table 10. Content analysis of qualitative interviews and calendar entries.

Codes (interviews: n; diaries: n)Theme (explanation)

Love (interviews: 11; diaries: 13)

Ownership (interviews: 18; diaries: 6)

Individual use (interviews: 9; diaries: 14)

High level of usage (diaries: 12)

Jealousies or possessiveness (interviews: 6; diaries: 6)

No novelty (interviews: 9)

Naming (interviews: 7)

Group sessions (diaries: 5)

Personalizing (interviews: 1)

Adoption (Evidence strongly supported good robot adoption into services,
and usually by particular “adoptee” residents)

Calming (interviews: 10; diaries: 20)

Enjoyment (interviews: 1; diaries: 19)

Anxiety reduced (interviews: 3; diaries: 13)

Companionship (interviews: 7; diaries: 6)

Smiles, happiness (interviews: 1; diaries: 9)

Engaging resident (interviews: 10)

Relaxing or settling (diaries: 7)

Mood improved (interviews: 7)

Provides a focus (interviews: 5)

Distraction (interviews: 3; diaries: 2)

Agitation reduced (diaries: 5)

Entertainment and laughter (interviews: 1; diaries: 3)

Therapeutic (interviews: 3)

Reassurance (interviews: 3)

Sundowner (interviews: 2)

Reduced boredom (interviews: 1; diaries: 1)

Enabled eating (diaries: 1)

Well-being effects, particularly mood (Evidence strongly supported well-
being benefits)

Communication-pet (diaries: 25)

Communication with others, and speech (interviews: 19; diaries: 2)

Reminiscence (interviews: 5; diaries: 1)

Interaction (interviews: 4)

Effects on communication (Evidence supported robot impact on residents’
communication, with the pets and people, further to improving speech
capabilities)

COVID use (interviews: 15)

Cleanliness and infection control (interviews: 9)

Isolation (interviews: 5)

Isolation and COVID (Evidence showed particular benefits of robot pets
as a supporting strategy against loneliness and isolation in response to
the COVID-19 pandemic)

Improvements (interviews: 11)

Realistic (interviews: 9)

Sound off (interviews: 8)

Expectations (interviews: 8)

Weight and size (interviews: 7)

Breakage (interviews: 7)

Battery life (interviews: 4)

Importance of movement (interviews: 4)

Purring as relaxing (interviews: 2; diaries: 2)

Heartbeat enjoyable (interviews: 1; diaries: 2)

Design (Staff suggested a few possible design improvements based on
their experience, and commented on positive and negative design factors)
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Codes (interviews: n; diaries: n)Theme (explanation)

Dementia severity (interviews: 31)

Limited interest (diaries: 17)

Think it is real (interviews: 14)

Dislike (interviews: 2; diaries: 9)

Wide appeal (interviews: 7)

Reduced mobility (interviews: 5; diaries: 1)

Previous pets (interviews: 3; diaries: 1)

Infantilizing (interviews: 4)

Staff dislike (interviews: 1)

Suitability (The data gave some insight into the most suitable use context
for use with residents, including those with dementia and those isolated,
perhaps due to mobility impairments)

Cuddled and fussed (diaries: 29)

Feeding (interviews: 8; diaries: 5)

Care for and nurture the pet (interviews: 8; diaries: 5)

Nurture (Evidence suggested residents tended to care for robots and treat
them as living animals)

Discussion

Overview
Our results suggest that affordable robot pets are able to produce
important well-being impacts for older adult care home
residents, with further potential positive impacts for staff through
reduced occupational disruptiveness.

Principal Findings and Comparison With Prior Work
This study strongly supports the usefulness and benefits of
implementing affordable robot pets in care homes for older
adults. It contributes toward limited literature in this area, with
most prior companion robot research focusing on Paro [1,29],
a device with limited acceptability among older people [9,10]
and too expensive for widespread implementation [12,36].
Previous work considering alternative more affordable robots
had been mainly conducted within the community [16,20] or
in hospital settings [37,38], with limited generalizability to care
home residents [39], and with smaller samples and short time
frames [19,40]. Additionally, much previous work has involved
highly controlled intervention doses [7,29], thus assessing
efficacy rather than potential real-world effectiveness [32]. This
study therefore provides an important and novel contribution
to companion robot literature.

JfA robots demonstrated significant improvements from baseline
to follow-up for the primary outcome of neuropsychiatric
symptoms and secondary outcome of occupational
disruptiveness based on ITT analysis between the control and
intervention groups. The reduction in neuropsychiatric
symptoms in the intervention group was an encouraging result,
suggesting important effects of affordable robot use, as the NPI
measures key behavioral and psychological symptoms associated
with dementia [25]. There were no significant differences for
the secondary outcomes of communication impairments and
challenging behavior. The NPI subscale of occupational
disruptiveness was used as an indicator of care provider burden,
and the reduction seen here is congruent with results from the
study by Saito et al [6] who suggested Paro could decrease care
provider burden. We did not use a specific care provider burden
scale, with the stigmatizing wording found to discourage carer
responses in a pilot study. However, the significant difference
in occupational disruptiveness could suggest that the

implementation of pets aided in easing the challenges of the
carer’s role.

When analyzing the individual NPI subdomains, the results
suggested significant differences in the mean change from
baseline to follow-up between the intervention and control
groups for delusions, depression, elation, anxiety, and apathy.
This finding suggests that JfA devices can achieve similar
well-being outcomes to those reported for Paro, particularly
around reducing depression [3,5-7]. The support for impact on
delusions is also congruent with the work of Schulman-Marcus
et al [38], who reported on stakeholders feeling that JfA devices
were useful for hospital patients with delirium. The potential
for these more affordable devices to produce promising
therapeutic benefits is an important result, with implications for
research and practice. Interestingly, we did not find a significant
impact for agitation, as previous work did for Paro [3]. Similarly,
in the cluster RCT conducted by Moyle et al [29], there was no
significant effect on agitation in the Paro intervention group.
Moyle et al [29] suggested that chosen psychometrics can
sometimes miss behavioral improvements, and suggested
complementing scales with qualitative feedback.

Our evidence from qualitative calendars shows the robot’s effect
on anxiety and agitation as the second and third most common
reasons for robot use, respectively, strengthening the suggestion
that affordable robot pets can produce well-being outcomes.
Furthermore, interviews and calendar free-text observations
demonstrated that the robots were calming, reduced anxiety,
improved mood, relaxed residents, reduced agitation, and
provided reassurance. The calendars also demonstrated that the
primary reason for use of the pets was entertainment, thus
providing a meaningful activity. This is congruent with the
significantly greater reduction in apathy from baseline to
follow-up in the intervention group compared to the control
group. The importance of meaningful activities for older adults
in care homes cannot be overstated, impacting physical and
mental well-being [41]. Reduced apathy and greater engagement
in an activity creates an improvement in the quality of life. The
calendar and interview data suggest that older adults cared for
and nurtured robots, which perhaps provided a sense of
responsibility and purpose. Although most nurturing seemed to
involve cuddling and fussing the animals, there were also counts
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of residents feeding, dressing, and grooming the pets, thus
providing care.

In contrast to prior work suggesting that robots could improve
communication and interactions [42], our Holden
communication scale results demonstrated no significant
difference in communication as a result of robot implementation.
However, our qualitative results suggested that robots
encouraged communication, mediating social connection as
shown in previous work with Paro [42]. The communication
scale we selected provides a measure of resident speech and
conversational ability [27], a possible limitation of our work.
Future research may seek to employ measures of social cohesion
and quality of interactions. Interestingly, our qualitative results
did demonstrate evidence of speech and conversational ability
improving in some instances, such as residents with severe
aphasia showing no signs of the disease upon communicating
with the pet dog. This is a profound result, although not
replicated in the chosen scale, thus requiring further exploration
in future research.

Our experience of sampling observations through calendars [30]
also provided insights into the types of uses of the robots. As
we did not provide an intervention dose, this aids in
understanding the likely real-world use of the devices. The
calendars demonstrated a range of uses, from short 15-minute
sessions to 24/7 use by some residents who adopted the pets,
keeping them day and night, until care staff retrieved them to
be cleaned and shared. This result highlights a limitation of
prior robot pet trials with highly controlled and prescribed
intervention doses [7,29], as real-world use is likely more
flexible and variable. Our results demonstrate that robots had
high levels of use, and were clearly well adopted into daily
practice. Observing staff reported evidence of residents loving
pets and displaying ownership tendencies. Importantly, the study
demonstrated no novelty effect for devices over 8 months,
providing evidence against novelty as a concern for robot pet
research and implementation [43]. Regarding use type, there
were only 10 counts of group sessions recorded as the reason
for use; however, these were all recorded prior to COVID-19
restrictions. Evidence in interviews after the 8-month study
suggested that most robot use was on an individual basis.
Previous work has varied in either group [2,3,5] or individual
robot interventions [16,17,37]. While our work suggests that
individual intervention is most common, we are unable to
comment on the generalizability of this result to nonpandemic
contexts. However, availability of multiple devices appears
desirable owing to some issues in sharing and jealousies
evidenced in our qualitative results.

The qualitative evidence also gave some further insights into
robot design, based on longitudinal experience with robot pets.
As in our previous work [10], stakeholders commented on
hygiene as a design limitation of current devices, requesting
removable shells for easier cleaning. Participants again
supported the importance of realistic design, life-simulation
features, and interactivity. Stakeholders felt the JfA cat had
more appropriate vocalizations than the dog, although the
importance of mute options (which the JfA devices have) was
highlighted. Ultimately, design preferences seen here in the
longitudinal work are consistent with the results of our previous

cross-sectional design studies, supporting the validity of our
earlier results [9-12]. In contrast to our previous work [14]
suggesting that the devices were suitably robust, this study
reported cases of breakage. We know of 5 broken pets
throughout this trial, from a total of 18 pets (16 original and 2
replacements). One JfA cat had broken limbs (cause unknown),
which did not hinder its use; 1 cat was dropped in urine, which
rendered it unusable; and 3 dogs had technical malfunctions.
The variance in reported robustness between prior work and
this study could have resulted from the different settings
(supported living vs care homes) and the thorough exploration
with more devices, creating greater opportunity for issues to
become evident. Despite the issues, only 2 devices required
replacing as the other 3 remained mainly usable.

Owing to the timing of this trial, we were able to gather some
understanding of the use and impact of robot pets during the
COVID-19 pandemic, and resultant lockdown and isolation,
which is entirely novel. The evidence suggests, in line with a
previous report [44] and our suggestions, that homes took extra
precautions for shared robot use. Despite this, the pets were
highly valuable tools during the pandemic and lockdowns, with
care staff reporting strongly on the value during the
unprecedented times. The pets aided in reducing loneliness and
providing company and comfort for residents experiencing long
periods without visitors or usual excursions. The pets were also
used for residents shielding in self-isolation, and were beneficial
for those alone in their bedroom. This is a positive result and
has implications for care homes and other aged care services,
suggesting that the provision of robot pets for individual use
during pandemic situations may ease the challenges of isolation.
Isolation is particularly pertinent for care home residents [39],
highlighting the value of this finding. Despite these benefits,
the risk of use during pandemic situations must be thoroughly
assessed, in light of the risks detailed in a previous report [44].
Here, our results demonstrated high numbers of mortalities in
collaborating homes. While our enquiries suggested that the
deaths were unrelated to robot presence, the risk needs to be
considered appropriately, as with all shared surfaces, social
contact, and cleaning procedures in the homes.

Regarding general acceptability, the summative impact question
demonstrated that, encouragingly, 85% of residents who
interacted with the robots experienced a positive impact based
on carer observations and 74% of residents included in the
analysis interacted with the robots. However, the finding that
almost a quarter of the residents included in the analysis did not
interact with the robots indicates that the devices lack universal
appeal. This result, combined with 11 qualitative counts of robot
dislike, is congruent with previous research reporting variation
in the response to Paro [8,29], who was described as a
“therapeutic tool that’s not for everybody” [45]. In contrast to
the prior work with Paro, where acceptability was reported to
be 50% [45], the JfA devices seem more generally acceptable.

Regarding device suitability, the results demonstrated that
residents who interacted with the robots had, on average, more
severe dementia, communication issues, and challenging
behavior. Previous work has also suggested that companion
robots were more suitable for individuals with dementia [44].
This could suggest cognitive impairment and dementia severity
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as predictive of likely robot acceptance and benefit; however,
this contradicts our earlier work, which demonstrated robot pet
acceptability among independent older adults [9] and care home
residents without dementia [10]. It is possible that the impact
of COVID-19 and the restriction on sharing robot pets in groups
led to the prioritization of interactions for more impaired
residents. In the qualitative data, evidence suggested that robots
were most enjoyed by and beneficial to older adults who had
dementia, and also those who were bed bound (due to mobility
or illness), less socially engaged (due to dementia), or in
isolation (due to COVID shielding). Additionally, residents who
were disinterested in the robots were more socially engaged,
preferring to play games and socialize with other people. While
social engagement appears to be negatively correlated with
dementia severity, the results may indicate that both dementia
severity and social isolation predict the likelihood of accepting
and benefiting from robot pet interventions. This could explain
the acceptability of robot pets by more independent older people
in prior work [9], as despite not having dementia, the older
people lived in individual flats and reported requirement for
social company. In previous work with independent older adults
living in the community, 4 of 12 robots were rejected [16], with
community-dwelling older people less vulnerable to isolation
and loneliness [38]. Additionally, Pino et al [46] reported on
healthy older adults feeling able to benefit from socially assistive
robot (SAR) support, while Tkatch et al [20] reported positive
benefits of JfA devices for self-reported lonely individuals
despite them living in the community. Loneliness and dementia
severity are thus likely to be predictive factors in the acceptance
and benefit of robot pets in future implementations.

Strengths and Limitations
A strength of this work is the pragmatic mixed-method
approach. The use of calendars to support interviews and
psychometrics allowed for ecologically valid appraisal of
subjective experiences, yielding comprehensive views of
activities that may be difficult to assess using cross-sectional
questionnaires or interviews, which can cause memory strain
and aggregation [30]. A second strength is the somewhat novel
approach to this trial that did not specify an intervention dose.
This allowed for ecological validity and assessment of the effects
on resident well-being based on the likely real-world use of
robot pets, with the intervention dose reflecting real-world
circumstances. In this regard, our results demonstrate the
effectiveness of robot pets and the impact robot pets may
genuinely have with real-world implementation, rather than
their efficacy, as well as the impact these robots have under
highly controlled research contexts with specified intervention
doses [32]. Furthermore, not defining an intervention dose
avoided the ethical concerns of encouraging robot interaction
when residents were resistant and removing robots when they
were being enjoyed, as encountered previously [8]. One
limitation of this work is the lack of participant responses to
the loneliness measure, resulting in the inability to assess the
impact on loneliness quantitatively. We had also originally
intended to collect medication records, but due to the impact of
the COVID-19 pandemic, this was not possible. Prior work with
Paro has suggested resultant decreases in the use of psychoactive
and analgesic mediation [7], thus this remains a topic for future

research. A second limitation is that our analysis reports on the
NPI subdomain scores, further to the NPI total, with previous
work cautioning that while use of NPI subscales has been
popular, validity and reliability are mainly established for the
total measure, with the validity of individual scales requiring
further testing [47]. A third methodological limitation results
from the inability to blind collaborators to conditions. It is
possible that the significantly improved outcome measures in
the intervention group were a consequence of the inability to
blind collaborators. This challenge has been reported in prior
Paro RCTs, where the influence of participating in the research
itself raised staff awareness to improvements and contributed
toward positive findings [3]. It is not possible to distinguish this
effect from the intervention. Thus, there is some possibility of
positive reporting bias from our collaborators. Additionally, the
inability of 2 care home staff to co-jointly complete the 4-month
outcome measures may have reduced the validity of the 4-month
scores.

The use of a cluster RCT may also be perceived as a limitation
over standard RCTs [3]. However, research with older adults
and in care home environments presents specific challenges,
differing greatly from clinical environments or laboratories.
Residents often have dementia, and the ability to randomize
residents individually within homes to receive/not receive a
robot intervention would be challenging and unethical. Creating
clusters from care homes as units, rather than randomizing
residents individually, allows for research such as this [3,29].
A final consideration is that the psychometric scales we selected
were all designed and validated for older adults and those with
dementia. Not all of our participants had dementia; however,
the scales were deemed appropriate by our collaborators owing
to the high prevalence of dementia in long-term care facilities,
such as care homes [29]. Additionally, the content of the chosen
scales appears appropriate for older adults with and without
dementia, and even those without diagnosed dementia who
sometimes experience onset symptoms. Indeed, very few of our
participants received a very low score on the dementia severity
scale.

Conclusion
Our results suggest that affordable robot pets may have
important well-being effects in older adults, including reduced
neuropsychiatric symptoms (depression, delusions, elation,
anxiety, and apathy), with qualitative accounts also supporting
reductions in agitation. This work also suggests that robot use
impacted occupational disruptiveness, as an indicator of care
provider burden. The findings also support a no novelty effect
for affordable robot pets and suggest that the best practice is
the permanent availability of multiple devices. One key finding
is the contribution to the discussion on the suitability of robot
pets. Previous work has suggested that robots are best suited to
residents with more severe dementia. This was supported in our
work; however, we also suggest that subjective loneliness may
be a predictive factor in the acceptance and benefit of robot
pets. This work has also demonstrated the important value of
the individual use of robot pets during the COVID-19 pandemic,
with easing of the challenges of isolation through the provision
of social companionship.
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Abstract

Background: Occupational therapists who work in hospitals need to assess patients’ home environment in preparation for
hospital discharge in order to provide recommendations (eg, technical aids) to support their independence and safety. Home visits
increase performance in everyday activities and decrease the risk of falls; however, in some countries, home visits are rarely
made prior to hospital discharge due to the cost and time involved. In most cases, occupational therapists rely on an interview
with the patient or a caregiver to assess the home. The use of videoconferencing to assess patients’ home environments could be
an innovative solution to allow better and more appropriate recommendations.

Objective: The aim of this study was (1) to explore the added value of using mobile videoconferencing compared with standard
procedure only and (2) to document the clinical feasibility of using mobile videoconferencing to assess patients’ home
environments.

Methods: Occupational therapists assessed home environments using, first, the standard procedure (interview), and then,
videoconferencing (with the help of a family caregiver located in patients’homes, using an electronic tablet). We used a concurrent
mixed methods design. The occupational therapist's responsiveness to telehealth, time spent on assessment, patient’s occupational
performance and satisfaction, and major events influencing the variables were collected as quantitative data. The perceptions of
occupational therapists and family caregivers regarding the added value of using this method and the nature of changes made to
recommendations as a result of the videoconference (if any) were collected as qualitative data, using questionnaires and
semistructured interviews.

Results: Eight triads (6 occupational therapists, 8 patients, and 8 caregivers) participated. The use of mobile videoconferencing
generally led occupational therapists to modify the initial intervention plan (produced after the standard interview). Occupational
therapists and caregivers perceived benefits in using mobile videoconferencing (eg, the ability to provide real-time comments or
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feedback), and they also perceived disadvantages (eg, videoconferencing requires additional time and greater availability of
caregivers). Some occupational therapists believed that mobile videoconferencing added value to assessments, while others did
not.

Conclusions: The use of mobile videoconferencing in the context of hospital discharge planning has raised questions of clinical
feasibility. Although mobile videoconferencing provides multiple benefits to hospital discharge, including more appropriate
occupational therapist recommendations, time constraints made it more difficult to perceive the added value. However, with
smartphone use, interdisciplinary team involvement, and patient participation in the videoconference visit, mobile videoconferencing
can become an asset to hospital discharge planning.

International Registered Report Identifier (IRRID): RR2-10.2196/11674

(JMIR Aging 2022;5(3):e24376)   doi:10.2196/24376

KEYWORDS

caregivers; feasibility; mixed methods; mobile videoconferencing; mobile phone; occupational therapy; discharge planning; home
assessment

Introduction

When planning hospital discharge, it is important to ensure that
patients have optimal conditions for a safe return home and that
patients’ care and services needs are met [1]. The occupational
therapist can play an important role in achieving this objective
[1] by providing recommendations (eg, technical aids, site
planning, care services) to promote the patient’s autonomy and
safety upon returning home. The home visit is a way for
occupational therapists to obtain reliable information about the
environment [2], which is essential for making recommendations
that support the best fit between the person, their activities, and
their environment. A randomized controlled trial [2] found that
home predischarge assessment decreased the risk of falls,
reduced the number of rehospitalizations, and increased the
level of functional independence in patients with hip fractures.
However, clinical (eg, patient fatigue or anxiety), organizational
(eg, time available), and financial (eg, travel time and costs)
constraints limit the implementation of home visits, despite their
relevance [1-5].

Alternative means are currently used to assess the home
environment when planning hospital discharge, such as
interviews [6], consultation of home photos taken by caregivers
[7], video [8], and virtual reality [9]. Interviews quickly give
an idea of the environmental constraints perceived by the patient
and caregivers. The interpretation of the occupational therapist
is then based on this self-reported information, without having
the opportunity to confirm it through direct observation [3].
Photos provided by the caregivers allow the occupational
therapist to observe the patient’s environment [10]; however,
this observation is dependent on the choice of photos and the
angle used by the caregiver. Video also makes it possible to
observe the environment [8]; however, similar to photos, it is
an asynchronous means, and the occupational therapist’s
observation is contingent upon what the relatives choose to
show. Other methods such as virtual reality [9] and 3D
photography [11,12] are currently being explored and are in the
experimental stage [13].

Based on a growing body of literature, the use of mobile
videoconferencing for remote rehabilitation interventions has
potential clinical benefits [10,13,14]. By providing a detailed
and real-time view of the home environment, mobile
conferencing may help occupational therapists to improve the
reliability of the data collected, which in turn guarantees
appropriate recommendations. The occupational therapist,
therefore, gives instructions to the caregiver who, using the
electronic tablet, shows the facilities in the home for which
more information is needed. However, empirical evidence is
lacking to clinically support its use [15,16]. The aim of this
study is (1) to explore the added value of using mobile
videoconferencing compared with the standard procedure and
(2) to document the clinical feasibility of using an electronic
tablet to assess the patient’s home environment through
videoconferencing.

Methods

Design
The methods used for this study are detailed in a published
protocol [17]. We conducted a concurrent mixed methods
feasibility study to compare 2 home assessment methods (Figure
1). In method A, information about the home environment was
collected during an interview with the patient. In method B,
evaluation of the home was carried out through mobile
videoconferencing using an electronic tablet. For the
videoconferencing evaluation, some occupational therapists
used their work computer (when the facility allowed the
installation of Skype for Business and a webcam was available),
others, as well as the patients, used an HP elite pad and iPad
tablet with a 3G mobile connection. An electronic tablet was
provided to each caregiver with the exception of one caregiver
who chose to use her own smartphone. Skype for Business was
used for videoconferencing. The home assessment was
conducted from the hospital center. The 2 assessment methods
were compared to highlight the contribution of mobile
videoconferencing to the standard evaluation (A versus A and
B).
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Figure 1. Study flowchart. OT: occupational therapist.

Sampling and Recruitment
A purposeful sampling strategy was used in 2 regional hospitals
in the province of Quebec, Canada. A triad consisted of (1) an
adult patient with a loss of functional autonomy mainly due to
physical disability, (2) their caregiver, and (3) the occupational
therapist who conducted the assessment. The eligibility criteria
for patients were (1) being hospitalized at the time of recruitment
and (2) having a return home (including retirement homes)
planned. Caregivers had to be able to (1) clearly express
themselves orally (in French or English) and (2) walk without
technical assistance. The occupational therapist had to have at
least one year of clinical experience. Patients were excluded if
they (1) had regular home monitoring by an occupational
therapist in the community prior to hospitalization and (2) were
unable to express themselves in a functional manner. The initial
target sample was 18 triads (8 occupational therapists and 18
patient-related dyads).

Data Collection Methods
Qualitative and quantitative data were collected in parallel.

Quantitative Data
We collected data on (1) occupational therapists’ receptivity to
the use of mobile videoconferencing, using the French-Canadian
version of the practitioner and organizational telehealth readiness
assessment tools, for which a score >80 indicates that
practitioners are well positioned to use telehealth, a score from
60 to 80 indicates that there are factors or elements that may
negatively affect telehealth use, and a score <60 indicates that
there are barriers to successful telehealth use by practitioners
[18]; (2) the time spent evaluating the environment at the time
of discharge (discussions, making an appointment with the
caregiver, explanations prior to the assessment) using each
method (with and without mobile videoconferencing), which

was estimated by the occupational therapist; (3) major events
after discharge, which were documented with the Social
Readjustment Rating Questionnaire [19]; and (4) patient
occupational performance and satisfaction was measured using
the Canadian Professional Performance Measurement [20].

Qualitative Data
We also collected data on (1) the advantages and disadvantages
of using mobile videoconferencing (the individual and
semistructured interview guides—occupational therapists and
caregivers’versions—addressed previous and current experience
with mobile videoconferencing use, the barriers and problems
encountered with the use of mobile videoconferencing in the
study, and the perceived benefits of adding this method); (2)
occupational therapist’s professional recommendations,
intervention plan, and the follow-up, which were charted using
a pretested grid; and (3) the relevance and application of the
recommendations, which were documented using a monitoring
grid during an interview with the patient, with questions
regarding the level of appreciation and barriers to
implementation of the recommendations (approximately 20
minutes).

Study Process
A participant’s guide was developed for the research assistant
and occupational therapists. First, a research assistant invited
the occupational therapists (in person or by telephone) to sign
the consent form and to complete the French-Canadian version
of the practitioner and organizational telehealth readiness
assessment tools [18] and sociodemographic data form.

Second, the health care teams and occupational therapists
identified patients who would potentially benefit from a home
assessment prior to hospital discharge. These patients were
offered the opportunity to participate in the study, and
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occupational therapists made sure to specify that a refusal would
affect neither access to nor the quality of their assessment. If
patients decided to participate in the study, the research assistant
made an appointment with the patient and their caregiver to
discuss the study in order to obtain informed consent and verify
that the inclusion and exclusion criteria were met. Subsequently,
the research assistant (who also has background in occupational
therapy) conducted the Canadian Professional Performance
Measurement [20] and collected sociodemographic data.

The occupational therapist conducted the home assessment by
interviewing the patient and caregiver (method A). The
occupational therapist recorded the time (direct, when the patient
and the caregiver were physically or remotely present, and
indirect, when the patient and the caregiver were not present)
that it took to complete method A and documented any problems
identified and recommendations (the first draft of intervention
plan).

Next, the occupational therapist made an appointment with the
caregiver for the home assessment via mobile videoconferencing
(method B), which included the time necessary to pick up the
electronic tablet and to teach the caregiver how to use the device.
The occupational therapist recorded the time (direct and indirect)
that it took to complete method B and modified the intervention
plan where relevant.

Finally, the research assistant conducted a semistructured
interview with the occupational therapist to identify prior and
current experience with mobile videoconferencing, the barriers
and problems encountered with the use of mobile
videoconferencing in the study, and the perceived benefit of
incorporating this method. The occupational therapist also
completed the French-Canadian version of the practitioner and
organizational telehealth readiness assessment tools [18] a
second time. Six weeks after hospital discharge, the research
assistant went to the patient's home. In the presence of the
caregiver, the research assistant completed the Canadian
Professional Performance Measurement [20] again, as well as
the Social Readjustment Rating Scale [19]. She also conducted
a semistructured interview related to the patient's satisfaction
and the applicability of the recommendations that had been
given at the time of discharge.

Training
Occupational therapists were not formally trained in the study
procedure; however, a step-by-step guide was provided on how
to use the electronic tablet and videoconferencing app. A
research assistant was available to answer questions and provide
further guidance as needed.

Analysis
Descriptive analyses were conducted for the receptivity scores
collected from occupational therapists at the beginning (before
the first patient) and at the end of the study (after the last
patient), patient satisfaction and performance, as well as the

type and number of unplanned events (confounding variables).
We compared the recommendations from method A with those
from the combination of methods A and B by identifying the
differences and the nature of the differences (addition,
modification). Finally, the application of the occupational
therapist’s recommendations (methods A and B) by the patient
was also evaluated 6 weeks after hospital discharge.
Semistructured interviews were conducted, in which the
perceived benefits and barriers of mobile videoconferencing
were discussed, recorded, and transcribed verbatim. Using
analytical questioning [21], the transcriptions were categorized
by theme and analyzed by group (interview with occupational
therapists, interview with caregivers, and occupational
therapist’s professional recommendations). We used MAXQDA
software (version 2018.1; Verbi GmbH) for analyses.
Quantitative and qualitative data were integrated based on 2
analytical questions related to the study objectives: Which
results inform us about the added value (or absence thereof) of
mobile videoconferencing? Which results inform us about the
clinical feasibility of using mobile videoconferencing for the
purpose of home environment assessment before hospital
discharge?

Ethics Approval
The project was approved by the Research Ethics Committee
of the Centre intégré universitaire de santé et de services sociaux
de l’Estrie – Centre hospitalier universitaire de Sherbrooke
(MP-31-2017-1485) and the Research Ethics Committee of the
Quebec University Hospital – Université Laval (2017-3047).
Mobile videoconferences were not recorded. Aside from the
occupational therapists who performed the home assessment,
no one could observe the patient’s home.

Results

Participants
Eight triads (6 occupational therapists, 8 patients, and 8
caregivers) were enrolled between April 2017 and April 2019
(Table 1).

The number of triads originally targeted was not reached. To
better understand the issues surrounding patient recruitment
and the feasibility of using mobile videoconferencing for home
assessment, the research team decided to add open questions to
the receptivity questionnaire (1) for occupational therapists who
used mobile videoconferencing with at least one patient (n=6)
and (2) for occupational therapists who participated in the
project but who did not recruit patients (n=7) (Multimedia
Appendix 1). In 1 instance, the mobile videoconferencing could
not be used due to the absence of internet coverage in the
municipality; the occupational therapist used video as an
alternative. In addition, 1 patient could not be reached 6 weeks
after discharge. (The occupational therapist who followed this
patient thinks that he may have relocated to a different province.)
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Table 1. Participant characteristics.

Value (n=8)Group and characteristic

Participants (n=8)

Age (years)

79.5Mean

68-90Range

Sex, n (%)

4 (50)Female

4 (50)Male

In-hospital stay (days)

39Mean

10-96Range

Principal diagnosis leading to hospitalization, n

1Infectious

6Orthopedics

1Neurology

Medical complications, n

1Delirium

1Postop shock

8Comorbidities, n

Caregivers (n=8)

Age (years)

58Mean

36-80aRange

Sex, n (%)

7 (88)Female

1 (12)Male

Relationship to the patient, n

3Spouse

3Child

1Sibling

Familiarity level with technology, n

5Poor

1Average

2Good

Occupational therapists (n=6)

Sex, n (%)

6 (100)Female

0 (0)Male

Overall work experience (years)

8Mean

1-13Range

Program work experience (years)

6Mean
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Value (n=8)Group and characteristic

0.5-12Range

an=7, one value is missing.

Difference Between Recommendations Before and
After Mobile Videoconferencing
The majority of recommendations made before mobile
videoconferencing (n=28) remained applicable afterward (n=25),
except for 3 recommendations. Observation of the home
environment through mobile videoconferencing made it possible
to identify the lack of space required in the room to implement
the planned recommendation and some incorrect information
gathered during the interview (taps on the right side of the
bathtub rather than on the left). These observations led to
changes in the intervention plan.

Of the 8 patients, 7 patients’ initial intervention plans were
modified after videoconferencing (Table 2). The changes were
aimed at improving the person’s autonomy and safety, reducing

the risk of falling, offering a cheaper or simpler solution than
the one initially planned, and revising the initial recommendation
in light of new information about the home environment that
was not discussed during the interview. Occupational therapists
also revised their recommendations for a better fit between the
patient, their occupation, and the environment. Finally, 4
recommendations were completely modified as a result of
videoconferencing—in 3 instances because the initial
recommendation was not applicable and, in a fourth instance,
because observing the environment made it possible to consider
a return home following rehabilitation at an intensive functional
rehabilitation unit instead of relocating the patient to a seniors’
residence, as recommended initially. In one instance, the
intervention plan was not modified after mobile
videoconferencing.

Table 2. Modifications of initial intervention plans after mobile videoconferencing.

ExampleChanges
(n=18), n

Type and reason

Adding recommendations

The installation of a support bar allowed the patient to
transfer on her own rather than accompanied as in the initial
recommendation

1Optimizing the person’s autonomy

Adding a grab bar and stool in the shower to maximize
safety

2Optimizing safety and reducing the risk of falling

Adding a grab bar to the wall instead of a toilet support
frame as in the original recommendation.

1Offering a cheaper and simpler solution

Observation of the environment identified 2 potential places
for taking meals (a high table with stools and a standard
table and chairs in the dining room); due to physical diffi-
culties, using a stool was not recommended

6Adjusting to new information that was not discussed at the interview

Precision of recommendations

Precision about the orientation of the shower bench and
support bars initially recommended

4Ensuring a better match between the patient, the patient’s occupation,
and the environment

Change of recommendations

The safety support on the righthand side is irrelevant given
the countertop at an adequate height to the right of the toilet
and the lack of space to install the grab bar on that side

3The original recommendation was not applicable

Once the environment is seen, there appeared to be no
major architectural barrier to a return home if the patient
manages to regain autonomy in her transfers and travel
with the help of accessories

1Viewing the environment led to a return home

Perceived Benefits of Using Mobile Videoconferencing
to Conduct a Remote Home Assessment
Overall, participants appreciated the use of the tablet and felt
that “it adds something” (occupational therapist 6) to the
standard evaluation. Specifically, caregivers perceived that the
use of mobile videoconferencing allowed occupational therapists
to obtain more precise information (Table 3).

According to participants, data collected from interviews can
be wrong or incomplete because the caregiver neglects to take
into consideration certain aspects. In fact, mobile
videoconferencing induced modification of recommendations,
such as correcting the provision for assistive devices to match
the patient’s environment.

Yes, in fact the lady had given me inaccurate
information about where the bath faucet was located,
it was on the opposite side. I recommended a transfer
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bench with the handle on the wrong side. So, I
adjusted that. [Occupational therapist 3]

Another advantage of videoconferencing perceived by
participants and occupational therapists was the opportunity for
therapists to ask questions and provide feedback to the caregiver
in real time. Caregivers felt guided in the assessment and
identification of measures required, and the occupational
therapists were able to document patients’ lifestyles and which
elements of the environment they wanted to see.

I watched her take some measurements, some of which
I may not have thought of not knowing [what the

environment was] but since I was watching her, I was
able to ask her to measure this and that. It’s great, I
made a diagram. Seeing what she was doing was of
great help to me. [Occupational therapist 4]

Mobile videoconferencing was useful for estimating distances
between various elements in the home environment. In addition,
caregivers said that the videoconference visit reassured them.
All caregivers mentioned that the mobile videoconferencing
experience had been positive despite the fact that some
encountered a few technical glitches.

Table 3. Main advantages and disadvantages associated with the use of mobile videoconferencing by occupational therapists and caregivers.

DescriptionCharacteristic

Advantages

Common to occupational therapists and
caregivers

• Ability to make comments or provide feedback in real time
• Confirming the information obtained by the patient and caregivers
• Providing additional information on the patient’s lifestyle
• Ensuring the best choice of equipment
• Making sure that the caregiver is taking the right measurements and reassuring them about how

they are doing
• Seeing the general condition of the environment (eg, cleanliness)
• Avoiding travel expenses and time

For occupational therapists • Discovering unanticipated barriers
• Dissipating remaining doubt and avoiding mistakes
• The involvement of the caregiver helps the patient to remember the recommendations
• Improving communication between the occupational therapist and the caregiver
• Promoting discussion between the occupational therapist and the patient if the latter participates in

mobile videoconferencing
• For patients transferred to the intensive functional rehabilitation unit, mobile videoconferencing

makes it possible to specify the rehabilitation objectives
• Seeing details and offering more specific recommendations
• Determining the pertinence of a home visit by the CLSCa occupational therapist

For caregivers • Allowing the occupational therapist to identify problems that the caregiver had not thought of
• Feeling guided in the return home process
• Allowing patients to reconnect with their home and reflect on their return home
• Avoiding the need to explain everything
• Providing recommendations that don’t need tweaking
• Reassuring the caregiver

Disadvantages

Common to occupational therapists and
caregivers

• Videoconferencing requires being comfortable with technology
• Videoconferencing requires additional time and availability of caregivers
• Videoconferencing constitutes additional stress for caregivers who are uncomfortable with taking

measurements or using the tablet

For occupational therapists • Inability to observe the interaction between person, occupation, and environment
• No overview such as during a home visit in person
• Inaccessible if there is no Internet coverage in the municipality
• More time consuming than an interview

—bFor caregivers

aCLSC: centres locaux de services communautaires (local community service centers).
bThere were no other perceived disadvantages.
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Disadvantages of Using Mobile Videoconferencing to
Conduct a Remote Home Assessment
One occupational therapist reported that mobile
videoconferencing does not show the interaction between the
person, the environment, and the person’s activities. In addition,
mobile videoconferencing requires more time than interview
assessment. Five caregivers mentioned that there were no
disadvantages to mobile videoconferencing. The concerns
brought up by caregivers were the same as those identified by
occupational therapists (ie, stress of having to take
measurements or use a tablet, especially if they are not
comfortable with the device). Caregivers also highlighted the
extra time that it took to pick up the equipment, undergo
training, and conduct the videoconference.

Perception of the Added Value of Mobile
Videoconferencing
Mobile videoconferencing provided added value according to
3 of 5 occupational therapists. These 3 occupational therapists
expressed readiness to promote the use of mobile
videoconferencing to their peers.

Mobile videoconferencing takes longer to complete,
but the recommendations are more specific. The ratio
of time to what mobile videoconferencing requires in
terms of logistics versus what it provides in terms of
intervention offers added value. [Occupational
therapist 3]

For (another) patient, it helped define specific goals
for her rehabilitation. It ensures that the
recommendations are correct and feasible.
Occupational therapists are often told that
recommendations don’t work. Mobile
videoconferencing is not pertinent in all cases but
when it applies, it really offers added value. It applies

when the occupational therapist has doubts about
what the patient said. [Occupational therapist 4]

Another occupational therapist, who was part of 2 triads, also
failed to perceive any added value associated with the use of
mobile videoconferencing.

The changes that the mobile videoconferencing made
to the intervention plan were not essential to leave.
They were aimed more at optimizing safety and could
have been done by the occupational therapist at home.
Although the mobile videoconferencing is more
concrete than the interview and interesting, the time
invested, and the minor changes made to the
intervention plan mean that there is no added value.
[Occupational therapist 5]

Changes in Satisfaction and Occupational Performance
There was a clinical difference between hospital stay and
postdischarge patient performance scores (hospital: mean 4.0,
SD 2.7; postdischarge: mean 6.2, SD 2.8) and satisfaction scores
(hospital: mean 4.1, SD 3.1; postdischarge: mean 7.1, SD 2.1).
A change of 2 points is considered a clinically relevant
improvement or deterioration [22].

Time Required for Mobile Videoconferencing
The mean direct time that occupational therapists reported
having spent evaluating the environment through
videoconferencing at the time of discharge (discussions, making
an appointment with the caregiver, providing explanations prior
to the assessment) was 104 minutes (SD 74). The mean indirect
time (environment evaluation) was 64 minutes (SD 87).

Occupational Therapists’ Receptivity to Mobile
Videoconferencing
Assessment of the receptivity of occupational therapists who
had recruited at least one patient indicated that there were
barriers to successful telehealth use by practitioners (Table 4).

Table 4. Receptivity of occupational therapists who recruited at least one patient.

Score, mean (SD)French-Canadian version of the Practitioner and Organizational Telehealth Readiness
Assessment section

Postdischarge (n=5)Before intervention (n=6)

56 (9)51 (10)Total score (out of 85)

8 (2)7 (1)In order to meet the requirements for core readiness (out of 15)

26 (3)25 (3)In order to meet the requirements for engagement readiness (out of 35)

22 (5)20 (7)In order to meet the requirements for structural readiness (out of 35)

Factors Influencing the Choice to Use Mobile
Videoconferencing
Several factors appeared to influence whether or not mobile
videoconferencing was used by occupational therapists who
recruited at least one participant.

One occupational therapist mentioned that, due to her workload,
she could not always prioritize mobile videoconferencing over
other tasks and did not always have time to do it. The necessary
caregiver training on mobile videoconferencing also added to

the time constraints associated with this method. Consequently,
the occupational therapist’s perception of the time that training
would take, dependent on whether or not the caregiver was
comfortable with the technology, influenced their choice.
According to the occupational therapists, meetings with
caregivers to introduce mobile videoconferencing, scheduling
virtual visits, and material recovery added to their workload, as
well as, that of caregivers. Some occupational therapists doubted
their ability to teach caregivers how to use mobile
videoconferencing, insofar as this required availability,
motivation, and collaboration. As reported by occupational
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therapists, a number of families refused to engage in mobile
videoconferencing because the process seemed too cumbersome.
However, for 6 of the caregivers, logistics were not a problem.
In addition, some of the occupational therapists felt that
meetings with caregivers involved discussions that went beyond
mobile videoconferencing and therefore, in a context of limited
time, this aspect is a challenge in terms of feasibility.

Sometimes it’s harder to get someone to go film or
have a caregiver who is in step with current
technologies. [Occupational therapist 3]

You see the person, you do not just fix it and then
move on to something else … she told me a lot of
things and then they also have difficult things to do
with them personally. [Occupational therapist 1]

Occupational therapists sometimes anticipated the fact that the
patient would be discharged from hospital before they had time
to do the mobile videoconferencing or that it is not pertinent in
view of the patient’s transfer to a rehabilitation unit. Finally,
occupational therapists’ daytime work schedule did not match
the availability of some caregivers, in which case, mobile
videoconferencing was not considered.

Caregiver Level of Comfort With Technology and
Mobile Videoconferencing Training
Based on their own perceptions, caregivers’ comfort level with
technology was poor (n=2), moderate (n=4), and good (n=2).
Most felt that the training offered by the occupational therapist
and the 2-page instruction booklet they were given helped them
to learn how to use the tablet.

I was afraid I might not to be able to do it, but with
that short training, it seemed simple enough and I
enjoyed trying to help. [Caregiver 5]

For one caregiver, however, the training was not sufficient. This
caregiver used help from a third party (siblings) during the
videoconference. Two other caregivers received help from a
third, although their levels of comfort with the technology were
moderate and high.

It didn’t take long; the hardest part was to learn how
to operate the tablet and finally it was my sister who
turned it on because I had already forgotten how it
worked...I’m not used to that myself. [Caregiver 2]

Perceptions of the Relevance of Home Assessment,
Mobile Videoconferencing, and Recruitment
Difficulties

Relevance of Home Assessment in Hospital Discharge
Of the occupational therapists who participated in the project
but did not recruit patients, 5 occupational therapists considered
home assessment prior to hospital discharge to be pertinent.

It’s important for the safety of the patient and in the
prevention of falls, in the maintenance of autonomy
also. [Occupational therapist G]

It’s an integral part of my job. [Occupational therapist
B]

However, 2 occupational therapists believed that it was the
community occupational therapist and not the hospital
occupational therapist’s role to do the home assessment.

I think it’s the role of the occupational therapist at
the CLSC [centres locaux de services communautaires
(local community service center)] to do the home
assessment because she has that expertise.
[Occupational therapist D]

Trust in the Interview as a Home Assessment Method
According to most occupational therapists, the amount of trust
that can be placed in an interview method depends on the
patient. If the patient has no cognitive impairments and the
family confirms the information, then it can be relied upon.
Conversely, the method cannot be used with patients who have
impaired memory or difficulty expressing themselves. The
method is even less reliable if a caregiver is not present, which
was mentioned by one occupational therapist, who also stressed
the possible discrepancy between patient, patient family, and
professional perceptions.

We are confused by the patient’s speech. For example,
the patient considers that his home allows to circulate
with a walker while a professional would judge the
opposite following assessment. [Occupational
therapist C]

In the opinion of some occupational therapists, when doubt
exists, photos can be requested from the family or a referral sent
to the CLSC occupational therapist. However, there may be a
significant delay if the home assessment is done by the CLSC
occupational therapist due to their own workload.

Prerequisites for the Use of Mobile Videoconferencing
by Occupational Therapists
Many occupational therapists (n=3) commented that they did
not have the necessary prerequisites to use mobile
videoconferencing (ie, good knowledge of how to use the tablet,
ability to solve technical contingencies, and ability to teach the
family how to use it). One occupational therapist believed that
with good training she could manage. The others felt
comfortable using mobile videoconferencing (n=3).

Profile of Patients Who Could Benefit From Mobile
Videoconferencing
According to occupational therapists, the patients who would
benefit from mobile videoconferencing are patients who have
permanent motor disorders, who are already known to the
therapist, who are young adults, who are alone, who need a
walker in the home, who have cognitive impairments and need
to be tested in conditions that are similar to what they are used
to, or whose entourage is comfortable with technology and
available. Some occupational therapists said that this patient
profile is quite common in practical settings, while others
disagreed.

Reasons for Nonrecruitment
Finally, in order to explain the reasons why they were unable
to recruit patients in the context of the project, occupational
therapists mentioned the movement of staff, the impression that
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it would be asking too much of the caregiver, the lack of time,
the difficulty of coordinating the availability of caregivers with
their own, having caregivers at ease with technology, the
perception of duplicating work with the CLSC, thinking of
recruiting patients, having patients who correspond to the
inclusion criteria, and work overload.

Problems Encountered With the Use of Mobile
Videoconferencing
Some technical problems were encountered during the study.
Communication with the clinician was generally adequate. The
sound and the image were judged to be clear by all the
participants. With the exception of the lack of internet coverage
in the municipality where one patient resided, the technical
problems did not prevent the use of mobile videoconferencing
or the home evaluation and were not raised as being
inconvenient for patients using mobile videoconferencing.

Participant Suggestions on Improving Home
Assessment Using Mobile Videoconferencing
One occupational therapist suggested that it would be useful to
record the videoconference visit and subsequently review the
assessment (as needed or depending on the patient’s progress).
A caregiver also recommended that the videoconference visit
be recorded and available to other professionals. She was again
asked about her environment in the rehabilitation unit following
her stay at the unit where the initial assessment took place and
felt that she was duplicating what had already been done.
Another occupational therapist suggested that the
interdisciplinary team should be involved in the
videoconference. First responders, often the social worker, could
explore the possibility of doing the mobile videoconferencing
with the patient’s family even before the occupational therapist
receives the referral in order to address the time constraints of
short stay. In addition, it may be pertinent for the physiotherapist
to see the walking distances between the home and the parking
lot and inside the home, and for the social worker to verify the
safety and cleanliness of the home environment. Finally, one
occupational therapist conducted the mobile videoconference
together with the patient. She explained that the patient was
able to provide details of her lifestyle and this experience
motivated her in her rehabilitation because she was able to
visualize what her return home would be like. This occupational
therapist recommended patient participation in mobile
videoconferencing.

Discussion

Principal Results
The use of mobile videoconferencing after the interview
generally led occupational therapists to modify their initial
intervention plan. Most changes were considered by
occupational therapists to be minor inasmuch as they were
expected to have little impact on a safe return home. However,
3 assistive devices recommended after the interview raised some
issues after discharge. In addition, based on mobile
videoconferencing, the decision of the interdisciplinary team
and that of the patient himself to transfer to a seniors' residence
was modified, and the patient returned home upon discharge

instead. This is a clinically important point. Unimplementable
recommendations (such as the 3 assistive devices mentioned
above) can interfere with older adults’ ability to age in their
homes, and a change in home environment is no small matter
in a person’s life.

Overall, the perceived advantages of mobile videoconferencing
for occupational therapists and caregivers exceeded the
disadvantages; however, the nature of the disadvantages—time
required to conduct mobile videoconferencing (meeting
planning, tablet training, equipment loan, virtual visit) combined
with the increased workload perceived by occupational
therapists, intervention priorities such as pressure injury,
availability of caregivers on working hours, and the short length
of stay—do not support its use. More specifically, the perceived
reliability of data collected through interviews and the short
time required for interviews led occupational therapists to prefer
interviews as an evaluation method. This is consistent with the
conclusions from a scoping review [13] on the use of
information and communication technology for home
assessment. Our study highlighted that mobile
videoconferencing is considered beneficial by occupational
therapists when the patient has a cognitive impairment and a
caregiver is not available, both of which reduce the reliability
of data collected through interviews. However, for individuals
with cognitive impairment, it is very important to observe their
interaction with their home environment, and mobile
videoconferencing used in the manner described in this study
does not allow for this interaction to be seen [23]. Also, in our
study, availability and motivation of caregivers were identified
as prerequisites for the use of mobile videoconferencing by
occupational therapists.

Another clinically relevant finding was that mobile
videoconferencing required increased involvement on the part
of caregivers in discharge planning. This appears to be an
advantage for improving communication between the clinician
and caregivers, thereby increasing the probability that the
caregiver will implement the occupational therapist's
recommendations. In contrast, some occupational therapists,
including those who did not recruit a patient, felt uncomfortable
burdening caregivers with this task. In fact, some eligible
patients were not part of the study because the caregiver declined
to participate due to their busy schedule. Knowing that
caregivers are at risk of exhaustion [24], clinicians may have
been reluctant to add to their burden of care. The family
caregivers enrolled in the study, who may arguably be more
available and interested in the project, commented that the
logistics surrounding mobile videoconferencing had not been
a problem. They said that the mobile videoconferencing had
reassured them and that they appreciated being guided by the
occupational therapist to make the measurements. Holland and
colleagues [25] reported that seeing the clinicians on video made
caregivers feel as if they were at home with them, which
facilitated interactions. Chi and Dimiris [26] also found that
caregivers felt more involved in the process. Therefore, mobile
videoconferencing can be perceived as a burden by some
caregivers and as a facilitator by others.

Some feasibility issues may explain recruitment difficulties and,
therefore, will have an impact on the choice to use mobile
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videoconferencing or not. Based on the Telehealth Readiness
Assessment questionnaire [18], there was a degree of reluctance
with respect to telehealth. These findings are not consistent with
those of a study [27] in which clinicians were reported to be
supportive of more frequent use of the telecommunication
system. However, our results may be influenced by clinicians’
perceived openness of their workplace to telehealth. Indeed, in
the Telehealth Readiness Assessment questionnaire [18], almost
half of the points (40 out of 100) pertain to how clinicians
perceived the receptivity of the institution. In one study [15],
occupational therapists reported that they needed more training
in communication technology use but organizational constraints
were a barrier [15]. This is consistent with our finding that many
occupational therapists did not have the skills to use mobile
videoconferencing or to show caregivers how to use the
technology. This perception of a lack of technological skills,
combined with occupational therapists’ perceptions that
caregivers who are less familiar with technology would require
more time, may explain why they favored the involvement of
caregivers who are familiar with the technology. Our
conclusions are consistent with those of Ninnis and al [13], who
suggested that therapists consider the use of mobile apps to be
appropriate for some patients but not those who are less
confident or less able to use new technologies. However, in our
study. it does not appear that the caregivers’ level of comfort
with the technology affected its use.

Future Directions
Some occupational therapists and caregivers suggested that the
use of caregivers' own smartphones, despite potential
confidentiality issues, would allow for a better
videoconferencing experience. Smartphones are becoming more
and more popular among people aged 65 and over [28]. In
addition to precluding the need for mobile videoconferencing
training, the use of their own device would eliminate the need
for caregivers to come to the hospital to pick up equipment. We
are currently working with engineers on making personal
smartphones safe and simple to use (only one button to press),
with options to measure distances between home facilities
through screenshots. Another suggestion made by one
occupational therapist was to involve patients in the
videoconference, which is in line with shared decision-making
and patient-centered approaches [29-31]. The involvement of
a social worker and physiotherapist could also help to gather
further information (presence of an interior and exterior staircase
for example) during the virtual visit and thus optimize hospital
discharge planning (such as planning the need for assistance
with mobility). We suggest that future studies compare standard
assessment (interview), videoconference, and in-person visits

of the home environment with the patient in terms of benefits
and clinical, ethical, and financial issues [32,33]. It would also
be of interest to document the clinical reasoning behind the
decision whether or not to assess the home environment, through
mobile videoconferencing or otherwise, in order to guide
occupational therapists on the best methods to use for this and
on how to best use their time [5].

Limitations
This study has some limitations. First, we had fewer participants
than desired. The recruitment difficulties encountered during
the study underscore the need to make organizational changes
to support the use of mobile videoconferencing in routine care.
Nevertheless, the added value perceived by participants as well
as the opportunity to obtain additional and more appropriate
recommendations suggest the relevance of using mobile
videoconferencing. Second, it would have been relevant to
further document the occupational therapists’ and caregivers’
level of comfort with technology use in order to better
understand how it influenced occupational therapists’ receptivity
and participant recruitment. Occupational therapists were not
asked to recruit the ideal candidate, but a participant selection
bias cannot be excluded because of workload concerns. To
reduce their workload, they may have been inclined to select
patients with family caregivers who were comfortable with the
technology or who were motivated to use videoconferencing.
Moreover, the analysis was performed by one person (KL).
However, the interviews were transcribed verbatim, and 2
co-authors who participated in the interviews (KB, MG) attested
to the consistency between themes and interviews. Finally, the
start of the COVID-19 pandemic occurred in the period between
the study’s completion and its publication, which may also
impact the results as the pandemic forced occupational therapists
and the general population to learn about, if not improve, their
technological proficiency and to use mobile video conferencing
more frequently.

Conclusions
Clinical feasibility issues were found when using mobile
videoconferencing to support hospital discharge planning.
Although mobile videoconferencing provides multiple benefits,
such as more appropriate occupational therapist
recommendations, the inconveniences, such as time constraints,
make it difficult to perceive the added value of this method.
However, it was suggested that having caregivers use their own
smartphone, involvement of the interdisciplinary team, and
patient participation in the videoconference would mitigate
these inconveniences.
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Abstract

Background: Older adults with chronic illnesses or dependency on care who strive to age in place need support and care
depending on their illness. Digital technology has enabled the possibility of supporting older adults in their wishes to age in place.
However, current studies have mainly focused on the solitary evaluation of individual technologies or on evaluating technologies
for specific illnesses.

Objective: This study aimed to synthesize research on the experiences of older people from the Western culture with chronic
illnesses or care needs and their families with digital technology for aging in place. From the meta-synthesis, a model was derived
that can be useful for the development of assistive devices in old age and that can support health care providers and professionals
in their work with affected individuals.

Methods: A systematic review and qualitative meta-synthesis was performed using an inductive approach, as proposed by
Sandelowski and Barroso. We performed a systematic literature search in 6 databases from 2000 to 2019, with an update in 2021
and, in addition, conducted a hand search in 2 databases, relevant journals, and reference lists. The results of each study were
analyzed using initial and axial coding, followed by theoretical coding. A conceptual model was derived.

Results: A total of 7776 articles were identified. Articles were screened independently by 2 authors based on the eligibility
criteria. Finally, of the 7776 studies, 18 (0.23%) were included in the meta-synthesis. The derived conceptual model describes
older adults with chronic illnesses or dependency on care and their family members in an individual process of reflection and
decision-making, starting with the use of a digital device. Older adults live in times of change. They experience stable and unstable
times of illness as they are part of a changing digital world. Hence, older adults and their families consider digital technology a
solution to their current situation. As they become familiar with a specific digital technology, they refine their needs and demands,
gain confidence in its use, and note its advantages and disadvantages. They weigh hopes, needs, demands, and experiences in a
process of reflection to decide on convenience and inconvenience. Independent of their decision, they achieve peace of mind
either with or without digital technology. This process can restart repeatedly during the illness trajectory of older adults.

Conclusions: This study promotes a differentiated understanding of older adults’ experiences with digital technology. The
conceptual model can be useful for the development of assistive technology in old age. Moreover, it can guide health care
professionals in their work with older adults and their families to provide individual counseling to find the appropriate digital
technology for their respective situations.

(JMIR Aging 2022;5(3):e34872)   doi:10.2196/34872

KEYWORDS

older adults; old age; assistive device; aging in place; home modification; independent living; telemedicine; assistive technology;
ambient assisted living; assisted living; community living; chronic disease; chronic condition; chronic illness; elder; older adult;
systematic review; meta-synthesis; digital technology; mobile phone
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Introduction

Background
Aging is closely linked to the question of how and where one
wants to live in later life. Aging in place is a central wish for
many older adults. They associate it with autonomy, continuity
in daily life, privacy, and memories that give meaning to life
[1,2]. The concept of aging-in-place can be viewed through 5
key themes. In addition to place, these are social networks,
support, technology, and personal characteristics [3]. On the
basis of these key themes, we defined aging in place as living
in one’s own home for as long as possible while maintaining
social networks and respecting older adults’ autonomy in
deciding what professional or technical assistance is needed.
Support, as part of the aging-in-place concept, refers to the
likelihood of developing (further) health or care needs in the
aging process. The World Health Organization defined healthy
aging as “the process of developing and maintaining the
functional ability that enables well-being in older age” [4].
Healthy aging at home is increasingly being supported by
digital-technical solutions. The diversity of digitally assisted
living technologies has grown significantly. Nilsson et al [5]
reviewed digital technologies for older adults and their informal
caregivers as interventions for healthy aging, using the
corresponding World Health Organization framework.
Interventions focused “on physical capacity and function, on
managing the symptoms of dementia and cognitive impairment,
on supporting functioning in daily life and on self-caring with
a chronic disease” [5]. Interestingly, the ability to participate
in society was not addressed at all, although it is a central aspect
of aging in place.

For existing qualitative reviews or meta-syntheses of the
experiences of older adults living at home and using digital
technologies, the study situation is as follows. In a
meta-synthesis, Larsen et al [6] analyzed the process of
becoming a user of assistive technologies and identified
facilitating factors. They had narrow criteria for technology
inclusion and did not focus on linking aging in place with
assistive technology. In a qualitative systematic review and
meta-synthesis, Moore et al [7] specified whether users integrate
devices into everyday life with the degree to which motivation,
ease of use, and device purpose match. In a meta-ethnography,
Rosenwohl-Mack et al [8] specified the concept of aging in
place as a balance of threats, agency in relation to identity,
connectedness, and place. Owing to the holistic view of aging
in place, the connection between aging in place and the use of
technological-digital tools from the user perspective was only
marginally addressed.

The systematic review by Pol et al [9] on the use of digital
technologies by older adults summarizes studies that mainly
examine healthy volunteers without care needs and focus on
technical aspects of sensory monitoring rather than on the
applicability in the daily life of a person aging in place. In a
scoping review, Rodrigues et al [10] examined the extent to
which web-based interventions could address loneliness in the
context of the COVID-19 pandemic. Both studies show little
visibility of the subjective perspective in the use of digital

technologies in the aging in place of older adults. Other studies
have concentrated on a specific group, such as the study by
Chen and Yeh [11] on individuals with diabetes. In a
meta-synthesis on self-monitoring of diabetes, they showed the
experiences of patients on 5 different topics that can help health
care professionals to better communicate with patients. Research
on this topic has often focused on benefits, barriers, or
ambivalences. The scoping review by Raja et al [12] shows
such ambivalences in the context of telehealth, making life
easier and the opposite. The scoping review also shows that the
absence and presence of social support facilitated the use of
digital technologies. A systematic review by Stargatt et al [13]
stated the benefits of digital storytelling for older people with
dementia living in the community. The improvements were
concerned with mood, memory, social engagement, and quality
of relationships in older people with dementia.

A research gap that emerges is that the experience of older
people living at home when using digital technologies is still
included less in the general evidence. The perspectives of both
older adults and family members should be addressed when
developing technical solutions [5,14]. The experiences of older
adults aging in place and their family members are valuable for
the development of a conceptual model overarching the varying
illnesses, levels of care needs, or tested digital technologies.

Objective
Therefore, we intended to synthesize qualitative research to
gain insights into the experiences of older adults and their family
members. The following research question guided this study:
what experiences do older adults with chronic illness or
dependency on care and their family members have with digital
technology referring to aging in place? The aim was to gather
and synthesize qualitative research on the experiences of older
adults and their family members in using digital technology to
overcome challenges in aging, chronic illness, and the need for
care in daily life. We intended to derive a conceptual model that
illustrates the patterns identified within these experiences. As
such, the model can be useful for the development of assistive
digital technology in old age, as well as support health care
providers and health care professionals in their work with
specific populations. The term healthcare professionals refers
to nurses, physicians, and therapists.

Methods

Overview
A qualitative systematic review and meta-synthesis was
conducted. Conducting a meta-synthesis allows for the
interpretive integration of several studies, resulting in findings
based on a larger sample than would be possible in a single
qualitative research study. It is a systematic and inductive
approach in which the results of the included studies are
interpreted as a whole. Consequently, coherent experiences of
the research topic can be explained and described as they enable
an understanding that goes beyond a mere summary of all
findings. The approach by Sandelowski and Barroso [15] was
used with the following recommended steps: (1) formulating a
purpose, (2) searching and retrieving literature, (3) appraising
findings, (4) classifying findings, (5) conducting a
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meta-summary, and (6) developing a meta-synthesis. To ensure
methodical rigor, we followed the ENTREQ (Enhancing
Transparency in Reporting the Synthesis of Qualitative
Research) checklist [16].

Searching for and Retrieving Relevant Studies
A sensitive search strategy was deployed for the qualitative
systematic review to identify all the studies relevant to our
research question. We oriented ourselves on the PICo
(population, phenomenon of interest, and context) scheme
supplemented by design. The search terms used in this study
are listed in Textbox 1. These were adjusted slightly to fit the
different search systems, such as using Medical Subject Heading

terms in MEDLINE or subject headings in CINAHL. The search
was conducted using the following databases: MEDLINE,
CINAHL, PsycINFO, SocINDEX, GeroLit, and Bibnet. In
addition, a hand search was performed in Google Scholar, Social
Science Open Access Repository (SSOAR), and in specific
journals: Technology and Health Care, Neurorehabilitation,
Technology and Disability, Journal of Ambient Intelligence and
Smart Environments, Telemedicine and eHealth, Telemedicine
and Telecare, Journal of Applied Gerontology, Archives of
Geriatrics and Gerontology, and the German
journals—Pflegezeitschrift, Pflege, and Pflege & Gesellschaft.
Subsequently, a literature search of the reference lists of relevant
studies was conducted.

Textbox 1. Search strategy.

Category and search terms

Populations

(patients OR resident* OR “in need of care” OR “care needs” OR impaired OR disability OR disabled OR geriatric* OR elderly OR old OR “old age”
OR “chronic disease” OR “chronic* ill” OR “chronic condition” OR “long-term condition” OR sick OR ill OR illness OR disease OR outpatients OR
“next of kin” OR relative OR relatives OR family OR “family member*”)

Phenomenon of interest

AND (gaming OR exergaming OR app OR smartphone OR computer OR “mobile phone” OR tablet OR “health monitoring” OR telemedicine OR
“tele-monitoring” OR telemonitoring OR “tele-homecare” OR telehomecare OR “tele-health” OR “telehealth” OR “tele-care” OR telecare OR
“tele-nursing” OR telenursing OR telemetry OR “tele-communication” OR telecommunication OR tracking OR robotic OR “web based” OR
“web-based” OR “health informatic” OR AAL OR “ambient assisted living” OR digital divide OR digital* OR virtual OR internet)

Context

AND (home OR house OR flat OR community OR “flat share” OR “flat-share” OR “assisted living” OR “assisted-living”)

Design

AND (qualitative OR “qualitative research” OR “qualitative studies” OR “mixed-methods” OR “mixed methods” OR ethno* OR hermeneutic* OR
constructiv* OR constructionis* OR phenomeno* OR “focus group*” OR narration OR observation* OR interview* OR experience* OR “grounded
theory” OR “image interpretation”)

The eligibility criteria for the literature search and the study
selection process are presented in Table 1. Subsequently, the
term older adults is used to refer to individuals of older age
with chronic illness or dependency on care. We defined old age
broadly to take into account the individuality of aging
trajectories, its social construction, and other influences, such
as biological, psychological, and social dimensions [17,18]. We
focused on older adults from Western industrialized regions as
they are considered similar in terms of cultural norms and
values, as well as sociopsychological aging [18]. Studies that
involved family members were also included. At the same time,
the inclusion of family members in studies was not necessarily

required. In this study, the term family members will be applied
irrespective of eventual involvement in informal caregiving.
The term family refers to close people whom the older person
includes in this group, regardless of an existing family
relationship [19]. We also included additional criteria for study
quality. The development of digital technologies is advancing
as fast as users’ attitudes and interactions with technologies are
changing. Therefore, we limited the inclusion of studies from
2000 to 2021 to focus on current technologies and the
experiences of the generation that will become older adults in
the near future. We have considered studies in the languages
that the authors speak.

JMIR Aging 2022 | vol. 5 | iss. 3 | e34872 | p.76https://aging.jmir.org/2022/3/e34872
(page number not for citation purposes)

Hechinger et alJMIR AGING

XSL•FO
RenderX

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


Table 1. Inclusion and exclusion criteria of the literature research and the study selection process.

Exclusion criteriaInclusion criteriaSelection criteria

Population •• Children, adults aged <50 yearsOlder adults or synonymous expressions with chronic illness
and dependency on care aged ≥50 years • Health care professionals

• Family members • Physicians
• From Europe, North America, or Australia • From South America or Asia

Setting •• HomelessnessRented or purchased homes of older adults
• •Outpatient Home of a family member

•• InpatientAssisted living facilities
• Nursing home

Digital technology •• Technology under developmentInternet- or sensor-based digital technology
• •Use at home in daily life to overcome challenges in aging,

illness, and care needs
Technology for diagnosis purposes

• Tests in laboratory situations

Experiences •• Experiences stated by health care professionalsOlder adults using digital technology related to aging in
place • Exclusive focus on technology without relation to user

experience• Family members who use digital technology with the goal
of supporting older adults to age in place • Exclusive focus on usability and acceptance or nonac-

ceptance

Study designs •• Quantitative designQualitative design
• •Mixed methods design with a separate qualitative part Discussion papers

• Reviews
• Monographs and book chapters
• Study protocols

Study quality •• No clear separation of perspectivesClear separation of perspectives
• •Sufficient quality score (≥7) in the CASPa checklist Insufficient quality score (≤7) in the CASP checklist

Year of publication •• Before 2000 and after March 2021Between 2000 and March 2021

Language •• All other languagesEnglish, German, or Spanish

aCASP: Critical Appraisal Skills Program.

Appraising and Classifying the Findings
A systematic literature search was performed in March 2019,
with an update made in March 2021. All studies were imported
into the reference management system. A total of 2 researchers
independently screened titles and abstracts for eligibility and
examined the full texts of the studies that appeared to meet the
inclusion criteria, as far as this was evident from the title and
abstract. Discrepancies were discussed with a third researcher.
The remaining 26 studies were appraised critically by 2
researchers using checklists for qualitative research of the CASP
(Critical Appraisal Skills Program) [20]. This CASP checklist
enables the systematic appraisal of qualitative studies to identify
strengths and weaknesses [20]. The tool appraises the quality
of the studies but not the quality of the appraisal itself. Studies
were excluded if they had <7 “yes” points in the 10-point
questionnaire. Consequently, 8 studies were excluded because
of insufficient quality. An overview of the critical appraisals of
the included studies is provided in the Multimedia Appendix 1.

Sandelowski and Barroso [15] recommended classifying the
findings with regard to the methods that were used and the
manner in which the data were interpreted. Hence, the included
studies were classified as one of the following: thematic surveys,
conceptual or thematic descriptions, or interpretive explanations.

Conducting a Meta-summary
Two researchers independently extracted the following data
from the included studies: authors, location, population, age of
older adults, focus of interest, used methodology, and used
technical devices. The studies were transferred to MAXQDA
2020 software (VERBI GmbH), which was used to support and
manage the analysis process. We considered the results of the
included studies to be interpretations of the collected data.
Therefore, the results sections were treated as transcripts and
used as data. The studies were read several times, and the results
sections were analyzed inductively. Parts referring to the
perspective of health care professionals were not taken into
account. As a first cycle method, we used initial line-by-line
coding. We posed the following question to the text: what are
the positive and negative experiences of those affected and their
family members with digital technology in terms of use, daily
life, and their illness? This was followed by axial coding as a
second cycle, which led to the first descriptive categories [21].
The meta-summary reflects the contents of the included studies.

Developing a Meta-synthesis
Axial coding was combined with constant comparison [21].
The codes were grouped by constantly comparing similarities
and differences. Both helped discover patterns and reassemble
the data in categories and subcategories, which facilitated the
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formation of a hierarchical tree structure. The leading questions
included the following: what added value and fears do affected
individuals identify, which processes characterize use, and how
did they make a decision? Theoretical coding was used as the
third-cycle method to gain a deeper theoretical level of
abstraction [21] and develop more generic categories. The main
concepts emerged through this interpretive approach, and a
conceptual model was derived.

Ethics Approval
Ethics approval for this study was not necessary as it was a
qualitative systematic review and meta-synthesis of published
articles and did not involve data collection from participants.

Results

Overview
A total of 7776 studies were identified based on a systematic
literature search of databases and a hand search. Furthermore,

119 studies were examined in full. A flow chart of the literature
search is shown in Figure 1. Finally, 18 qualitative studies
involving 220 older adults and 37 family members were included
in the meta-synthesis. The study characteristics are summarized
in Table 2. Older adults received care mostly in
community-dwelling surroundings in 89% (16/18) and in
assisted living residents in 11% (2/18) of studies. Data were
collected through interviews in all the studies. Additional
observations were part of 17% (3/18) of studies, and focus group
discussions were part of 11% (2/18) of studies. The
methodologies used were grounded theory, content analysis,
thematic analysis, phenomenology, and systematic text
condensation analysis. The ages of the older adults ranged from
52 to 101 years. The studies were conducted in seven different
countries: Sweden, Denmark, the United Kingdom, the United
States, the Netherlands, Scotland, and Australia. The technology
included telehealth applications, telecommunication technology,
ambient assisted living technology, exergame platforms, and
wearables.

Figure 1. Flow diagram of the review process.

JMIR Aging 2022 | vol. 5 | iss. 3 | e34872 | p.78https://aging.jmir.org/2022/3/e34872
(page number not for citation purposes)

Hechinger et alJMIR AGING

XSL•FO
RenderX

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


Table 2. Characteristics of included studies.

Technical deviceMethodologyFocus of interestAge
(years) of
older
adults

PopulationLocationAuthors

The Wii-Exergaming interven-
tion includes gaming activities

Content analy-
sis

Experiences of assisted liv-
ing residents with facilita-
tors and barriers with respect

78-9215 assisted living
residents with func-
tional deterioration

United StatesChao et al
[22]

for improving their functional
impairment.to exergames in relation to

cognitive, physical, and
psychological effects

The telerehabilitation system
comprises treatment sessions in

Thematic analy-
sis

Experiences of benefits and
barriers when using a telere-
habilitation system

52-8613 people with
stroke

United StatesChen et al
[23]

the form of daily guided rehabil-
itation games, exercises, and
stroke education.

Virtual admission comprises vir-
tual scheduled ward rounds via

Grounded theo-
ry

Coping with physical, emo-
tional, and social problems
of individuals with acute

Mean 67.69 people with

COPDa
DenmarkEmme et al

[24]
videoconferencing systems and
medical equipment as monitoring
devices.

exacerbation of COPD be-
fore, during, and after virtual
admission

The app “Interaktor” is used to
report health problems and re-

Thematic analy-
sis

Experiences with an app for
supporting older people’s
health and self-care

70-10117 people with differ-
ent comorbid condi-
tions

SwedenGöransson et
al [25]

ceive evidence-based self-care
advice and links to relevant
websites. Caregivers can access
the generated information via a
web interface.

Peripheral telemedicine devices
were used to monitor one’s vital

PhenomenologyBeliefs and perceptions of
individuals with COPD in
using home telehealth

58-848 people with
COPD; 5 family
members

EnglandGorst et al
[26]

signs such as blood pressure,
oxygen level, pulse, temperature,
and weight.

It involved an internet-based
support platform that combines

Thematic analy-
sis

Experiences of families with
a diagnosis of dementia us-
ing a digital support plat-
form

66-8110 individuals with
Alzheimer disease or
dementia; 10 family
caregivers

ScotlandKillin et al
[27]

three different technologies:
Living It Up, Jointly, and Click-
Go. It enables families to receive
comprehensive knowledge about
dementia.

The exergame platform (Ninten-
do Wii) enables to play games

Content analy-
sis

Preferences, attitudes, use,
and abilities of individuals
with heart failure when us-
ing an exergame platform

56-8114 people with
chronic cardiac dis-
eases

SwedenKlompstra et
al [28]

such as basketball, boxing,
bowling, tennis, and golf. Using
remote control, patients learn to
play these sports in a way similar
to real life.

“Health Buddy” is a telehealth
device that allows people to

Content analy-
sis

Experiences about ease of
use, efficacy, and difficulties
of individuals with heart

Mean 6813 people with heart
failure

United StatesLaFramboise
et al [29]

record the status of their heart
failure symptoms and receive in-failure using a home commu-

nication device formation about their health
state.

The “SHel” home monitoring
system comprises a home hub

Thematic analy-
sis

Experiences of older people
with a home monitoring
system focused on the ac-

≥6521 people with
chronic age-related
health conditions; 11
family members

EnglandLie et al [30]

that communicates with wireless
passive infrared sensors to moni-
tor people’s activities.

ceptability, use, design, and
trust of the system
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Technical deviceMethodologyFocus of interestAge
(years) of
older
adults

PopulationLocationAuthors

The “Digital pen” technology
comprises a pen and ordinary
paper with a printed close-to-in-
visible pattern read by a camera
inside the digital pen. This tool
is intended for follow-up pain
treatment, with assessment and
documentation of their pain.

Cross-case con-
tent analysis

Experiences of individuals
receiving palliative home
care with a pain diary and
digital pen and understand-
ing their perception of pain
control

58-7912 individuals receiv-
ing palliative home
care; 4 spouses

SwedenLind et al
[31]

A telemedicine diary and digital
pen are used for daily assess-
ment. With this telehealth equip-
ment, health care professionals
can monitor patients’ daily re-
ports via a mobile internet con-
nection.

Content analy-
sis

Experiences of older individ-
uals with heart failure and
spouses using a digital
health diary and a digital
pen technology

Mean 8414 people with heart
failure; 2 spouses

SwedenLind and
Karlsson
[32]

The tele–video consultations
comprise eight 30-minute live
investigations. During these ses-
sions, medical professionals
make observations to examine
their general well-being and give
advice on their medication.

Systematic text
condensation
method

Experiences and preferences
of individuals with COPD
using tele–video consulta-
tions after discharge from
hospital

67-836 people with COPDDenmarkMathar et al
[33]

A passive positioning alarm is a
GPS that includes a transmitter
and a receiver. In addition, com-
munication is possible through a
loudspeaker function and getting
help by pushing a button.

Content analy-
sis

Perceptions of a passive po-
sitioning alarm for people
with dementia

62-7211 people with mild
dementia

SwedenOlsson et al
[34]

The multipoint videoconferenc-
ing system enables 1-hour
teleyoga live stream classes at
home to receive personal instruc-
tion from the coach.

Content analy-
sis

Experiences with a yoga in-
tervention in relation to ac-
ceptability, appropriateness,
and potential active ingredi-
ents for people with COPD
and heart failure

Mean 71.212 people with heart
failure and COPD

EnglandSelman et al
[35]

The home-based telerehabilita-
tion program involves off-the-
shelf technologies with tracking
of activity data from the FitBit
and having video calls via iPads
with the therapists.

Thematic analy-
sis

Experiences of community-
dwelling participants with a
home-based telerehabilita-
tion program and its accept-
ability

60-9213 individuals under-
going rehabilitation;
3 spouses

AustraliaShulver et al
[36]

The computer-assisted rehabilita-
tion program “Move it to im-
prove it (Mitii)” is personalized
for patients exercising at home.
Therapists can adapt the program
to individual needs.

Meaning Inter-
pretation Analy-
ses (phe-
nomenology)

Experiences with computer-
assisted home training for
vestibular rehabilitation with
a focus on self-efficacy,
motivation, and acceptance

67-867 people with
vestibular dysfunc-
tion

DenmarkSmaerup et
al [37]

The timer device was installed in
existing electric stoves, which
protects the user from fire haz-
ards and allows the user to re-
ceive a warning signal if they
forget to turn off the stove.

Grounded theo-
ry

Experiences from older
adults and their families
with a timer device for the
stove

66-877 people with memo-
ry impairment; 7 rel-
atives

SwedenStarkham-
mar and Ny-
gard [38]

The unattached autonomous
surveillance system comprises
the following various functions:
mobility monitoring, voice out-
put, fire detection, and wander
detection and prevention.

Content analy-
sis

Experiences, needs, and
motives of individuals aging
in place with new ambient
intelligence technologies

63-8718 community-
dwelling people with
different chronic ill-
nesses

The Nether-
lands

van Hoof et
al1 [39]
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aCOPD: chronic obstructive pulmonary disease.

To answer the research question, a conceptual model was
synthesized based on an inductive interpretive analysis process
for the included studies. The conceptual model derived from
this comprises 3 concepts in an ongoing process that reflect the

experiences of older adults aging in place and their family
members with digital technology (Figure 2). Table 3 provides
an overview of the identified concepts, categories, and
subcategories.

Figure 2. Conceptual model of older adults’ and family members’ experiences with digital technology.
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Table 3. Concepts, categories and subcategories (excerpts from data analysis).

SubcategoriesConcepts and categories

Living in times of change

Experiencing stable and unstable times of illness • Having substantial experience with the illness
• Being confronted with worries, insecurities, and insufficient coping strategies

Being part of a changing digital world • Seeking new ways to age in place
• Considering digital technology to stabilize or improve the current situation

Familiarizing oneself with digital technology

Having initial hopes and needs • Wishing to age in place
• Not wanting to rely on others
• Wanting to improve health condition
• Wanting to challenge themselves

Becoming aware of demands and further needs • Noticing further needs
• Having to adapt

Gaining experience with digital technology • Overcoming initial difficulties
• Gaining confidence in the use
• Recognizing advantages and disadvantages

Individual process of reflection to decide on convenience and inconvenience

Weighing hopes, needs, demands, and experiences • Becoming aware of changes
• Reflecting (un)consciously
• Noticing what is important for oneself

Deciding on convenience and inconvenience • Being (not) ready to make concessions
• Considering digital technology for future use
• Gaining peace of mind

First Concept: Living in Times of Change

Overview
The conceptual model shows that older adults live in times of
change. As they experience stable and unstable times of illness,
they have substantial experiences with the illness and are
confronted with worries, insecurities, and insufficient coping
strategies. At the same time, they are part of a changing digital
world. They seek new ways of managing illness or care needs,
which promote their wish for aging in place, and consider digital
technology as a possible solution.

Experiencing Stable and Unstable Times of Illness
Chronic diseases often involve hospitalization or contact with
health services and rehabilitation schemes. Individuals’expertise
with their illness sometimes comprised years of experience, in
which they gained knowledge, learned coping strategies, and
tested them. When older adults were confronted with
illness-related problems, they applied previous coping strategies
that they were confident about and had positive experiences
with [24,33].

However, individuals with chronic illnesses or dependence on
care experience worries, insecurities, and insufficient coping
strategies. They also experience loss of control when their
coping strategies are insufficient. Thus, dependency on family
members and health care professionals could arise [24,33].
Emme et al [24] called this a struggle to be in control of life.
Affected individuals worried about whether they could age in

place in the future. They anticipated a worsening of their
physical condition and feared being lonely. When they noticed
insufficient coping strategies, such as during the worsening of
illnesses, they experienced feeling powerless and vulnerable
[24,33].

Being Part of a Changing Digital World
Older adults and their family members have the fact that they
are part of a changing digital world in common. Older adults
had different extents of experience with, knowledge about, and
attitudes toward digital technology. Their attitudes ranged from
being skeptical to being indifferent to being motivated to learn
something new. Although some were confident about their
ability to learn, others doubted their ability to manage it
[22,32,36,37,39]. Some had already used technology before
joining the respective studies, mainly to promote feeling safe
(eg, burglary alarms or emergency response systems) [30,39].

Nevertheless, older adults seek new ways to age in place because
of their chronic illness or dependency on care. They considered
digital technology as possibly helpful, some with the intent of
just trying, and others with clear aims to improve their situations.
Older adults hoped to age in place, whereas family members
were glad to have digital technology as a fail-safe system and
saw it as a prerequisite to enable aging in place. Family members
felt a certain responsibility during the acquisition process
[25,27,30,33,38,39]:
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Technology was seen as a way to support the wish to
age-in-place and, therefore, embraced, accepted or
tolerated as a support tool [39].

Second Concept: Familiarizing Oneself With Digital
Technology

Overview
Older adults already have individual hopes and needs when they
learn digital technology and become aware of their specific
demands while using it. During the process of familiarizing
themselves with the respective digital technology, older adults
and their family members continuously meet challenges and
notice advantages and disadvantages.

Having Initial Hopes and Needs
Older adults’ intrinsic motivation to test digital technology
varied. Motivations differed from not wanting to rely on family
members only or to be a burden, hoping for social contact,
preventing harm, maintaining or regaining autonomy, and
controlling or improving their health condition with the help of
digital technology. Some even saw digital technology as a type
of last resort [22,24,30,35-37,39]. Others wished that digital
technology would take away the decision whether to alarm
family members and would support being acknowledged in the
illness situation by health care professionals [24,30]. Again,
others wanted to challenge themselves with something new or
decrease the generation gap between themselves and the younger
generation by keeping up with the times, so that they could join
conversations as they did not want to be old-fashioned
[22,25,28,36].

Well, if the kids can do it, I can do it [36].

Older adults showed self-efficacy toward technology as they
believed in their ability to manage it [32,37].

Becoming Aware of Demands and Further Needs
Older adults had individual hopes and needs regarding the use
of digital technology. These were complemented by the
awareness of further needs and the concretization of demands
while gaining experience with their use. An example was the
alterations that must be made in the usual surroundings to fit in
digital technology. Although some older adults “see the
technology with all its implications as a part of the home or as
a part of the interior design” [39], others find the rearrangement
of the furniture and the lack of flexibility in placing the device
inconvenient [29,35]. Older adults “found it bothersome that
placement of the Health Buddy had to be where there were both
an available phone jack and electrical outlet” [29]. This resulted
in older adults having limited opportunities to place the digital
technology, which can lead to being annoyed by the location
[23,29]. Hence, they became conscious of their demand to
maintain their usual surroundings only when digital technology
was built in.

Another example of becoming aware of new demands is an
adaptation to daily routines. Although some older adults
appreciated the flexibility in the use, for others, the development
of new routines was helpful. The flexibility to use digital
technology at any time during the day was appreciated if other
appointments or tasks got in the way [23,28,29,32,33]. However,

if the device was not intended to be used flexibly, older adults
did not adhere to the recommended assessment times and did
so with less frequency or at different times [31]. The
establishment of new routines, when successful, supported older
adults in their self-management [28,29]. Helpful routines could
also be established through scheduled videoconferencing times
[23,24,36]. Structured programs with planned and supervised
exercises “requiring a commitment on their part motivated them
to exercise regularly and adhere to an exercise program” [22].
However, committing oneself to an aim or being motivated did
not seem sufficient for all older adults. Reminders from family
members or the digital technology itself supported older adults
in using it and adhering to their routines [23,28,29,31]. The use
of a certain digital technology can be closely connected with
the effort to adapt previous routines. Although some older adults
appreciated the structured procedure, others required reminders
to use it, whereas some appreciated flexibility.

Similarly, family members associated hopes, needs, and
demands with the use of digital technology. They wanted to
support older adults’ wishes regarding aging in place. At the
same time, the device satisfied their need for safety as they were
less worried and mentally relieved [26,31,34,39]. Family
members saw digital technologies as supportive while having
the need to support themselves and appreciated the ability to
approach the support of the platform when required [23,27,39].

Gaining Experiences With Digital Technology
For older adults and their family members, the use of digital
technology was a learning process that required some time.
They benefited from past experiences in building acceptance
with the respective digital technology and facilitating its use
[24,25,27,34,37,38]. Family members wanted to be prepared
to support individuals with cognitive impairments for whom it
was helpful to learn through several senses. Older adults with
cognitive impairments familiarized themselves with the device,
for instance, by being instructed verbally by technicians or
family members, by reading instructions on little memos,
watching other people use it, and experimenting with it
[27,38,39]. It was helpful to have a program or digital
technology tailored to older adults’needs to motivate and ensure
a feeling of safety, such as modifying exercises or adapting
digital technology to prevent false alarms caused by pets
[22,30,35,39].

Older adults experienced difficulties in handling software and
hardware [27,29,31,37]. This resulted in older adults not using
parts of the technology or having difficulties in their use, for
instance, because of impaired sight [31,32,39]. People with
memory impairment felt challenged not to forget charging or
where they placed the device [34]. For them, it was demanding
to remember the handling, such as necessary actions to reset
the stove timer or perform actions on a written memo.
Individuals with cognitive impairments continuously required
reminders [38]. Older adults tried to solve problems that arose
on their own through experimentation or relied primarily on
help from family members or friends. Most hesitated to contact
IT support in case of hardware or software problems
[27,31,32,37,38], whereas others felt reassured over the

JMIR Aging 2022 | vol. 5 | iss. 3 | e34872 | p.83https://aging.jmir.org/2022/3/e34872
(page number not for citation purposes)

Hechinger et alJMIR AGING

XSL•FO
RenderX

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


availability of technical support and expected rapid responses
[23,36,37].

After having managed initial insecurities, older adults gained
confidence with respect to use, irrespective of cognitive
impairments or terminal illnesses. They could apply the different
functions and could even become enthusiastic about being able
to use them, increasing skills or the benefits that they noticed
[22,23,25,27,28,31,33,36-38]. They enjoyed the digital
technology, even looked forward to using it, and noticed an
increasing sense of well-being [22,23,25,27-29,34-36,39]. With
increasing use, older adults reported improvements in their
mental and physical conditions. They noticed that the potentially
negative outcomes were diminished. Depending on the tested
digital technology, they were more attentive and more relaxed,
whereas others reported an increase in physical activity and
fitness through physical exercise, for instance, by exergaming
or telerehabilitation [22-24,28,29,35,36,38]. Older adults were
more easily aware of symptoms and deteriorations with the help
of digital technology. They were able to cope with different
situations on their own, with medication at hand, or with health
care professionals via telehealth. Depending on the tested
technology, they were virtually admitted if needed or contacted
by health care professionals about relevant issues; thereby, older
adults could be cared for at home. Not needing to go somewhere
for an appointment and being able to return to everyday life as
soon as possible was appreciated and time saving
[23,24,26,32,36,37].

Further positive experiences referred to not having to be in
control. For example, during virtual admission, older adults
were able to hand over responsibility and control to health care
professionals who took over disease management [24]. People
with cognitive decline were less anxious about the stove timer
as they did not need to be in control as before [38].

Older adults also experienced increased, continuous, and
improved contact with health care professionals
[23,25,26,31,36]. They experienced social support through
digital technology, although they did not have more frequent
human interactions. For most, contact via devices was equal to
face-to-face visits [26,29,36]. Communicating health concerns
via digital technology, such as video consultation or a digital
pen, gave older adults a sense of security as they felt having a
direct connection to and “closer contact” with health care
professionals. They felt the need to have positive relationships
with health care professionals and did not perceive telehealth
as a barrier [23-25,31-33,36]. Older adults wished to receive
appreciation and feedback. They perceived the reporting of
health concerns via digital technology as appreciation and
support [25,31].

However, there were also older adults who wished for more
social interaction with other affected persons or health care
professionals. Some missed the contact with health care
professionals to receive specific feedback or have the
opportunity to ask questions. Although for some, it was only
important to receive individual feedback, others valued
face-to-face contact [26,33,35-37].

For some older adults, the use of the tested digital technology
was repetitive or boring, concerning content and exercises that

had limited options and were seen as monotonous [28,29,37].
Older adults were annoyed by problems or characteristics of
the technical infrastructure or device, such as unreliable internet
connections, false alarms, humming, and lighting, as well as
negative auditory and visual feedback in exergaming
[22,29,35,38,39]. They reported not having time to use the tested
device; seeing it as an additional obligation; and prioritizing
other things instead, such as holidays. Hence, over the period
of use, some older adults became less adherent [27-29,33].

A central wish of older adults was to be self-determined in their
decision to use digital technology. At the same time, they and
their family members experienced uncertainty about the “right”
timing. The discussion around timing is especially evident in
individuals with cognitive decline. That is why individuals with
cognitive impairments, having tried the device, suggested
introducing the device early to promote self-determination of
individual persons themselves, so that they can test it, are
familiar with the device, and regard it as an aid [34,38].

Third Concept: Individual Process of Reflection

Overview
This concept describes the process of reflection in which older
adults and their family members were engaged in deciding on
the convenience and inconvenience of the digital technology
tested. They consciously or unconsciously reflected on their
individual hopes, needs, demands, and experiences. Hence, they
decided on the convenience or inconvenience of the tested digital
technology. Irrespective of their decision, participants achieved
peace of mind, some with digital technology and others without.

Weighing Hopes, Needs, Demands, and Experiences

Overview

Reflecting, in this context, is not a set process of concretely
identifying hopes, needs, and demands and weighing pros and
cons but a noting of what is important to oneself, incorporating
hopes, needs, and demands. A participant highlighted feeling
safe because of telehealth:

Like I say it’s reassuring, it’s like having another
person with you even though it’s a machine. I think
that’s the thing about it. It’s because I live on my own,
isn’t it? I know my son is only a phone call away but
I feel more reassured now that’s in [26].

Therefore, reflection in decision-making is more deliberate for
one person than for another. The analysis revealed aspects based
on the hopes, needs, demands, and experiences of older adults
and their family members, which they considered in their
individual reflection process. The results are shown in Figure
3. For example, older adults found digital technology convenient
when they noticed its usefulness and practicability. They then
appreciated it as an alternative to conventional offers such as
doing teleyoga alone instead of exposing themselves to a group
or doing exergaming at home when there was bad weather
[28-30,32,35,36]. By contrast, when older adults and their family
members found digital technology inconvenient, they usually
noticed that it did not meet their demands. They then did not
see the need to use it any further as they hardly noticed benefits
in coping, fitness, self-managing behavior, or care participation
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[22,24,26,28,30,32,33]. For example, individuals with cognitive
impairment reacted with resistance as the digital support
platform confronted them with their diagnosis or one felt it was
more relevant for family members [27]. A family member
explained that he had a close relationship with his father and
frequent face-to-face contact where digital technology was not

needed [30]. Therefore, every person has different aspects that
are important to them personally and that are considered in the
reflection process. Hence, the aspects listed in Figure 3 need
not apply to every person. Finally, reflection led older adults to
decide whether they found the digital technology more
convenient or inconvenient.

Figure 3. Aspects considered in the process of reflection.

The reflection process is explained below in terms of 3 key
themes within the hopes, needs, and demands identified: wishing
to be safe, thriving for independence, and wanting to be in
control. In doing so, it becomes clear what this process of
reflection by older adults and their family members can look
like. In the example, they weighed whether the safety,
independence, or control they gained from the digital technology
they tested were in relation to the individual concessions they
would have to make, such as arising dependency and restricted
privacy.

Wishing to Be Safe

Feeling safe at home is a prerequisite for aging in place. Being
able to stay at home supported by digital technology provides
a feeling of safety, confidence, and comfort [25,31,37,39]. The
feeling of safety developed through the 24/7 availability and
continuity of digital technology—knowing that health care
professionals would be alerted by the system or the older adult,
if required [24-26,31,33]. Even family members could increase
their feelings of security through tested digital technology
[26,34,38,39].

Thriving for Independence

Digital technology also facilitates self-determination and
promotes independence, such as being virtually admitted to the
hospital while being able to stay in one’s usual surroundings
[24,39]. Individuals with cognitive impairments noticed
increasing freedom and independence through the use of a
passive positioning system [34]. Being able to manage digital
technology and becoming active in improving one’s health
condition promoted this feeling of independence. They noticed
feeling empowered to care for their own health, being
self-sufficient, and taking over responsibility
[22,25,26,28-31,35]. An interviewee stated about the tested
health buddy device:

It taught you how to take care of yourself and do it
on your own, because nobody else is gonna do it for
you [29].

Interestingly, taking over a greater part of their own care also
mediated a sense of increased security [31,32].

Wanting to Be in Control

Older adults gained greater knowledge about their illness and
symptoms through the information provided via their digital
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devices. Being able to use digital devices, interpret monitoring
data, and contact health care professionals whenever necessary
provided older adults with a sense of control over their illness
management. Some older adults experience insecurities over
when to approach health care professionals when experiencing
an exacerbation of chronic obstructive pulmonary disease. When
they are unsure of their health status, they can refer to actual
and past telehealth data to confirm their symptoms
[23-26,29,31-33,35,37]. An interviewee who did tele yoga said
the following:

When I started to get really short of breath and I saw
those numbers bang up, and I was thinking okay, I’ve
got to slow down. So I went into the yoga breathing
[...] and just slowed it down. And the nurses were
amazed that I could do it, yeah...Because most adults
hyperventilate, because they get anxious [35].

Example of the Process of Weighing

The positive experiences made in relation to the 3 explicated
themes must be weighed against further hopes, needs, and
demands that older adults and family members have and the
experiences they face. They must reflect on whether they want
to make concessions or not.

Lie et al [30] “found inherent tensions in maintaining both safety
and privacy at the same time, as in some cases, a certain amount
of privacy had to be given up for the sake of safety.” Privacy
is seen as important and closely connected to being in control,
as well as independent. Although some valued control over their
privacy by exerting data sovereignty, others had no concerns
regarding privacy and confidentiality. They did not feel invaded
in their privacy or did not see telehealth as intrusive surveillance
[26,30,34-36,39]. Older adults have a sense of losing
independence by being watched [30,39]. They describe
monitoring as “invasion of privacy” [30], or “big brother is
watching you” [34]. Some participants felt restricted in their
autonomy as they did not want to be watched, either via digital
technology or by their families [30]. When using digital
technology, older adults must trust the confidentiality of their
own data. Being able to trust promotes feeling safe and, thus,
acceptance of the system [30,36,38]. An interviewee (daughter
of an older adult) explained it as follows:

You don’t want to go to a care or nursing home, and
then you have to make some concessions of course.
[...] it is not like Big Brother, it is just a sort of
assistive device to stay here for longer [39].

Modern technologies such as medical equipment can also
provoke a certain dependence while simultaneously providing
independence [24,39]. An interviewee reflected on seeing the
health care professional as responsible for monitoring his health
before he used digital technology. This placed him in a
dependent position. With the use of digital technology, he was
able to self-manage his health [26]. Dependency also became
clear through the reluctance of participants to return the device
after the study [24,29,39]. For others, dependency became
evident through the number of digital technologies in their
households [39]. This dependency on assistive devices, in return,
creates a feeling of security. Telehealth can mediate “a positive
experience of surveillance” [26]. Older adults felt well cared

for and watched over because they were connected to health
care professionals via digital technology and interacted with
the digital technology on a daily basis [25,26,29,31-33,39]. An
interviewee explained it as follows:

sort of a lifeline; you know that it’s going somewhere
else [...] Knowing somebody is at the end of the line,
that’s important [26].

Older adults noted that using digital technology created
additional obligations that were unrelated to the independence
they gained,

The security that the equipment can give the patients
must thus be weighed against the obligations it creates
[33].

Obligations refer to solely using it or being at home for
scheduled remote sessions at the agreed time [29,33]. Older
adults and family members weighed their experiences with their
inherent hopes, needs, and demands to determine whether they
wanted to make these concessions.

Deciding on Convenience and Inconvenience
For older adults, achieving peace of mind means that in the
process of weighing needs, demands, and experiences, some
aspects receive higher priority from the individual and lead to
decisions on convenience and inconvenience. Consequently,
the necessary individual concessions are accepted as they do
not play a leading role. The individually higher-ranked aspects
lead to peace of mind. Decisions on convenience and
inconvenience and gaining peace of mind also result in further
actions, such as wanting to maintain digital technology, buying
it, organizing one’s situation without digital technology, and
maintaining health-promoting measures.

The larger group of participants gained peace of mind with the
use of their tested digital technology. They found it convenient
and were ready to make certain concessions, such as being
dependent on the technology and having to give up a certain
amount of privacy. Two participants were not keen on the
system’s false alarms. They arranged with them and kept them
out of health concerns [39]. Feeling safe was identified as the
aspect receiving individually higher priority, mainly contributing
to peace of mind for older adults and family members. Feeling
safe not only referred to accessibility to health care professionals
but also resulted from the feeling of being watched over by
health care professionals. Being able to check the measurements
of telehealth devices themselves, and interpret them, also
contributed to feeling reassured [25,26,32,33,39]. Older adults
“believe that telehealth had given them peace of mind regarding
their health” [26]. An interviewee said, “I can reach them [the
caregivers] easier and that means a feeling of greater peace for
me, which is the main thing” [31]. Reaching peace of mind also
referred to family members who felt relieved:

it’s given him peace of mind completely too. [...] It’s
made us both have a life really without worrying [26].

Older adults promoted different actions as a consequence of
peace of mind. Some older adults were so convinced about the
device that they considered buying it themselves [24,26,30,36].
For some, maintaining trust in their home “could sometimes
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result in more devices being installed for peace of mind” [30].
For them, study participation resulted in wanting to continue
monitoring one’s own health [24,26]. They also started
recommending digital technology to others when they were
convinced of its functionality [22,34]. For others, testing digital
technology during the respective study was a starting point in
the change in behavior and coping strategies. Hence, they were
motivated by the use of devices to continue with
health-promoting measures, even without the device. Older
adults reported being able to maintain established helpful
routines, even without digital technology, such as continuing
pain assessment with paper and pencil and doing exercises they
learned [23,29,31,35].

Older adults who gained peace of mind without digital
technology were not convinced of the convenience the specific
digital technology gave them. They had to compromise in the
form of having no digital technology. For them, having weighed
hopes, needs, demands, and experiences resulted in the decision
that for the moment, they were better off without digital
technology. For some, it was even a relief to return to digital
technology [29,30,39]. A son explained the following:

I don’t think it will necessarily erm help us [...] we
are seeing each other frequently face to face and we
still live quite close to each other, so it would tend to
be if we thought there was a problem we would call
round [30].

For other users and family members, the experience led to the
insight of not needing it as still being autonomous or not having
these special needs at the moment but considering it in the
future, whereas others suggested that the tested devices were
more convenient for users that were far more ill [27,30,33,34].

Hence, peace of mind is not a continuous state; however, with
experiencing transitions in the illness trajectories, the process
of considering a new digital technology or the same device at
a later time can restart.

Discussion

Principal Findings
The conceptual model shows that older adults with chronic
illness or dependency on care live in times of change. They
experience stable and unstable times of illness and are part of
a changing digital world. Hence, older adults and family
members consider digital technology as an attempt to stabilize
or improve their current situation. While familiarizing
themselves with specific digital technologies, they are in an
individual process of reflection. They weigh their hopes, needs,
demands, and experiences to come to a decision about whether
they find digital technology convenient or inconvenient.
Independent of their decision, they achieve peace of mind, either
with or without digital technology. The whole process can restart
as older adults experience transitions in their illness trajectories
and may consider a different technology or the same one later.
In this section, we focus on three main aspects: first, thriving
for independence while having to arrange with dependency;
second, family members’process of adaptation; and third, health
care professionals’ relationships with older adults via telehealth.

Need for a Technical Device Tailored to the Individual
Situation
The qualitative systematic review and meta-synthesis revealed
that older adults thrive for independence. This was 1 of the 3
main themes that hope, need, and demand were ranked around.
Digital technology can necessitate concessions as one
experiences dependence on digital technology or being watched.
Other studies have similarly stated this dualism. Holmberg et
al [40] and Barken [41] highlighted how older adults strive for
autonomy and independence while having to accept home care.
Barken [41] explained how older adults maintain an independent
identity by taking part in their own care. However, the
independent self can be limited when older adults experience
insufficient support and are unable to care for themselves as
they wish. Moreover, Holmberg et al [40] identified that
obtaining care implied accepting certain inconveniences to be
treated in their ordinary surroundings. Hence, older adults live
in a continuous process of adaptation because of experiencing
illness, dependency on care, and a changing social environment
while balancing their wishes with their current life circumstances
[40-42]. Although these studies referred to “classical” caring
situations without digital technology, we found similar results
with digital technology. Older adults can make decisions about
digital devices and the concessions to be made.

Our results show that family members associate digital
technology with the option to enable aging in place. When
successfully implemented, they experienced relief and a satisfied
need for security. However, depending on the illness or care
needs of the older adults, family members face various
challenges. They see themselves confronted with competing
demands while trying to develop a fitting arrangement [43].
Family members experience transitions with their ill relatives
by striving for normalcy, as indicated by studies in palliative
care [44,45]. While trying to maintain normalcy, they have to
adapt to new life circumstances by balancing their old and new
life situations, taking into account their own needs and demands
[45,46]. From our results, family members are also confronted
with a changing process in arranging with the tested technology.
It remains unclear how the decision on convenience and
inconvenience between family members and older adults is
made. This could be further researched to optimally support the
adaptation process of family members and older adults.

The results revealed mainly positive experiences of contact with
health care professionals. The results obtained from appreciating
the continuous availability and direct interaction with health
care professionals point toward improved communication via
digital technology. This leads to a closer connection with health
care professionals. These positive reports are probably
attributable to being part of a study, as health care professionals
take more time for older adults than in normal circumstances
without being part of a study. By considering the literature on
video-based technology, the experiences of telehealth were
equated with digital connectedness between older adults and
health care professionals and were perceived as strengthening
their relationship through better communication [47,48].
However, there are also contrary results in the experiences of
the health care professional–patient relationship related to
telehealth. Rykkje and Hjorth [49], as well as Steindal et al [47],
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illustrated a loss of interpersonal dynamics and replacement of
human contact by using chatbots, telephone, and video calls.
This could result in a lack of trust, although trust is essential
for a nurse-patient relationship [50]. Therefore, our results have
to be considered in terms of the positive relationship between
health care professionals and older adults. From these results,
we cannot make a final statement about the relationship between
health care professionals and older adults. Further research on
realistic scenarios for the everyday use of digital technology is
required.

Strengths and Limitations
The strength of this qualitative systematic review and
meta-synthesis is the conceptual model that was derived, which
provides a thorough understanding of the experiences of older
adults and their family members. A sensitive search strategy
was used to identify all the relevant studies. However, a
limitation is that the studies focused on the experiences gained
in the study context. Another limitation related to the
experiences that were analyzed using different methodological
approaches in the individual studies. Most studies used content
or thematic analysis; only 22% (4/18) of studies used
phenomenological or grounded theory methodologies. It should
also be taken into consideration that only studies from Western
cultures were included. Hence, transferring the results to a
different cultural context must be verified beforehand. In
addition, only articles published in English, German, or Spanish
were considered. Another limitation is that the review was not
registered in the international PROSPERO (International
Prospective Register of Systematic Reviews) database.

Conclusions
We derived a conceptual model of experiences of older adults
with chronic illnesses or dependency on care and their family
members using digital technologies that they tested in their
homes. The model showed older adults and family members in
a reflection process of weighing hopes, needs, demands, and
experiences to decide on the convenience and inconvenience
of the specific digital technology. Irrespective of their decisions,
they attained peace of mind. This is a continuous process; it can

restart during individual illness trajectories with different digital
technologies or the same ones later.

This meta-synthesis had several implications. In terms of
practical implications, the conceptual model reveals the need
for individual counseling of older adults with chronic illnesses
or care needs and their family members. Their living conditions
and illness situations must be taken into account when deciding
on a digital technology. Above all, the variety of available
technologies must be taken into account to select the right device
for the individual. Moreover, the results indicate that older
individuals and their family members need to be introduced to
or even trained with specific digital technology. These devices
should be provided or paid for by the respective public health
insurance to prevent social inequality. Thus, the model can be
useful for health care providers and health care professionals.
The derived conceptual model can also be used to develop
digital technology. This can be the basis for communication
among different disciplines. When the disciplines of technology,
usability, and health sciences collaborate, a common basis can
be helpful for developing digital solutions with added value for
many potential users. Finally, the conceptual model can be used
for the training and education of health care professionals. They
could be sensitized to transitions in the illness trajectory to
realize how a specific digital technology can support the current
situation or need to be changed, respectively, considering older
adults’ needs and demands. In addition, the conceptual model
supports the understanding of health professionals and users.
When users are aware of the process, they can participate more
consciously to stabilize or improve their current situation with
the help of digital solutions.

As an implication for future research, digital technology should
be explored in the context of everyday life. This approach can
enable an analysis of older adults’ experiences in their
relationship with health care professionals without being
subjected to special conditions in the context of an evaluation
study. Moreover, the future development of technological
devices should integrate older adults into participative study
designs. Further research is required on the decision-making
processes of older adults and their family members.
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Abstract

Background: Monitoring technologies are used to collect a range of information, such as one’s location out of the home or
movement within the home, and transmit that information to caregivers to support aging in place. Their surveilling nature, however,
poses ethical dilemmas and can be experienced as intrusive to people living with Alzheimer disease (AD) and AD-related
dementias. These challenges are compounded when older adults are not engaged in decision-making about how they are monitored.
Dissemination of these technologies is outpacing our understanding of how to communicate their functions, risks, and benefits
to families and older adults. To date, there are no tools to help families understand the functions of monitoring technologies or
guide them in balancing their perceived need for ongoing surveillance and the older adult’s dignity and wishes.

Objective: We designed, developed, and piloted a communication and education tool in the form of a web application called
Let’s Talk Tech to support family decision-making about diverse technologies used in dementia home care. The knowledge base
about how to design online interventions for people living with mild dementia is still in development, and dyadic interventions
used in dementia care remain rare. We describe the intervention’s motivation and development process, and the feasibility of
using this self-administered web application intervention in a pilot sample of people living with mild AD and their family care
partners.

Methods: We surveyed 29 mild AD dementia care dyads living together before and after they completed the web application
intervention and interviewed each dyad about their experiences with it. We report postintervention measures of feasibility
(recruitment, enrollment, and retention) and acceptability (satisfaction, quality, and usability). Descriptive statistics were calculated
for survey items, and thematic analysis was used with interview transcripts to illuminate participants’ experiences and
recommendations to improve the intervention.

Results: The study enrolled 33 people living with AD and their care partners, and 29 (88%) dyads completed the study (all but
one were spousal dyads). Participants were asked to complete 4 technology modules, and all completed them. The majority of
participants rated the tool as having the right length (>90%), having the right amount of information (>84%), being very clearly
worded (>74%), and presenting information in a balanced way (>90%). Most felt the tool was easy to use and helpful, and would
likely recommend it to others.

Conclusions: This study demonstrated that our intervention to educate and facilitate conversation and documentation of
preferences is preliminarily feasible and acceptable to mild AD care dyads. Effectively involving older adults in these decisions
and informing care partners of their preferences could enable families to avoid conflicts or risks associated with uninformed or
disempowered use and to personalize use so both members of the dyad can experience benefits.
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Introduction

Background
Reducing unnecessary care transitions while enabling aging in
place is widely considered a priority in the context of a shortage
of human and financial resources for elder care [1-3]. To address
this challenge, policy makers, providers, and family caregivers
are looking to technological solutions and investing in
internet-connected devices that monitor the activity and safety
of older adults with Alzheimer disease (AD) and AD-related
dementias (ADRD), including technologies that involve artificial
intelligence and natural language processing [4-12]. A problem
that accompanies this shift is that the dissemination of
technologies that passively collect and transmit personal data
is outpacing our understanding of how to help families think
about and involve older adults in decisions about if and how
they want to be monitored. When families are not equipped to
make informed decisions about technology use and to match a
device to their needs and values, they are unlikely to use or
benefit from it [4,13], and ill-informed decisions expose them
to the technologies’ risks. 

Helping families navigate the complex technological landscape
is a timely goal. Researchers often highlight the core ethical
problem of achieving informed consent with an individual living
with dementia [14-18]. They have demonstrated the need for
tools to support education, awareness, and decision-making
about technologies used to support care [16,19-21], including
forward-looking consent processes before dementia undermines
informed preference formation or expression [22]. This article
reports on a novel self-administered intervention, Let’s Talk
Tech, to address this problem, which is modeled on advance
care planning interventions. The goal is to meaningfully engage
people living with mild dementia in planning for the use of
technology in their care and to enable understanding of the
implications of technology use and communication about it, so
families are not left to navigate this complex space alone. 

Let’s Talk Tech supports decision-making about the use of these
technologies and will advance the scientific understanding of
how to engage people with early stage AD/ADRD in these
decisions to enable their personalized use. To evaluate the
intervention’s feasibility, usability, and acceptability, we
conducted a pilot study with 29 mild AD dementia care dyads.
In this paper, we describe the development of the intervention
to engage older adults in decisions about technology used in
their care, report findings on study endpoints of feasibility and
acceptability, and discuss key insights to support successful
online intervention development with dementia care dyads.

Problems This Intervention Targets
The passive collection of location, audio, video, movements,
and activities in elder care, and dementia home care in particular,

is becoming more common [14,23]. Empirical and ethics
research have established that the potential benefits of
technologies with remote monitoring functions come with
potential risks, and these have not been presented for consumers
to understand. The dominant risks and challenges that are innate
to passive monitoring are in conflicts among privacy, autonomy,
freedom, and safety and risk management [24]. Potential risks
include isolation through reduced human interaction and
hands-on care, privacy invasion, loss of control, data inaccuracy,
and reduced behavioral autonomy [14,16,17,22,25-36]. Research
indicates that it is not easy for older adults on their own to
appreciate what it will be like to be monitored [37].
Pragmatically, it is wasteful when families invest in technologies
that do not ultimately work for them. Preventing this and
maximizing the potential benefits require the right balance and
respect for boundaries that are specific to each family or care
partnership.

Potential for Dyadic Incongruence, Conflict, and Stress
The use of technologies that collect data, such as visual, activity,
location, and audio, in dementia care may contribute to familial
stress and conflict due to their surveilling nature. Studies also
indicate the potential for incongruent preferences and difficulty
navigating these decisions in a way that respects the values held
by the older adult who the technology would be used on or with
[17,27,30,37-40]. For example, in a dyadic study of Meals on
Wheels clients and their primary family support person, adult
children and their parents expressed conflicting views about
how and when location tracking technology, in-home sensors,
and web cameras should be used [27]. Adult children felt that
involving their parents in conversations and decisions about
whether to use these kinds of technologies would be
complicated, underestimating their capacity to understand the
technologies, and most felt that they would involve parents
minimally [27].

Disagreement about treatment preferences has been associated
with caregiver depression [41]. Dyadic strain has been associated
with lower quality of life for African American dementia
caregivers, and involvement in decision-making and
concordance has been associated with quality of life for people
living with dementia [42]. Incongruent appraisal of care values
may contribute to worse quality of life for both members of the
dementia care dyad [43].

Our hope, therefore, is that this communication tool will prepare
care partners to make decisions that they feel confident about,
support ethical application, and uphold the dignity and rights
of people living with dementia. Involvement in planning
recognizes the personhood of people living with dementia and
the fact that they have preferences that can be expressed [44,45].
Care dyads require support to identify person-centered values
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in relation to technologies and practical tools to select the
options that align with those values as needs change.

There is no tool available to families to facilitate conversation,
decisions, or planning for technology used to support elder care.
Web-based behavioral interventions for older adults can be
made freely available and have been found to be feasible and
acceptable [46], yet there are few interventions that support
dyadic dementia care partners to plan for care [47]. Dementia
care apps have the potential to improve quality of life for people
living with dementia and care partners [46], but their
development requires consideration of a range of needs [48].
The research on usability and needs with regard to apps to
support dementia caregiving or dyads is at an early stage
[16,49-51]. The development of Let’s Talk Tech was informed
by the limited research on human-computer interaction–related
best practices and techniques to support people living with
dementia through online interventions [52]. As such, these pilot
feasibility findings should help inform future design directions,
particularly for web application development. 

Methods

The Intervention
The intervention is in the form of a self-administered web
application completed by a person with early stage AD (here,
“person living with dementia”) together with their primary care
partner in an active collaborative process that involves
education, discussion questions, and the documentation of the
preferences expressed by the person living with dementia. Let’s
Talk Tech guides them through a discussion about what
technologies they might want and under what conditions they
would want them to be used. It requires no trained professional
but requires that at least two people sit down together and use
an internet-connected device to complete it. 

The intervention’s purpose is to facilitate communication and
sharing of preferences similar to what has been developed for
decisions about advance care planning, for the benefit of both
members of the care dyad. Its components were modeled on
elements of established advance care planning tools, including
Your Life, Your Choices [53], and PREPARE [54]. Let’s Talk
Tech’s flexibility to be retaken, referred to at a later date, and
edited is informed by the research conducted by Sudore and
Fried, in which decision-making was conceptualized as a
dynamic process of communicating values [55]. An aim of the
intervention, therefore, is to improve, as potential surrogates,
care partners’ knowledge of the technology preferences of the
person living with dementia and related values to prepare them
to make the best decisions in the future should the person lose
capacity to participate [55].

Development of Let’s Talk Tech
The web application intervention’s content was developed from
a 2-study process that generated cross-stakeholder input from
key groups who had not previously been engaged in the same
knowledge production process. First, in order to identify the
technologies that should be included in the tool and information
that could help families understand the implications of use, we
employed the Delphi approach to achieve consensus from

gerontechnology domain experts in the United States and
Canada, to identify the salient risks and benefits associated with
specific technologies predicted to be commonly used in home
dementia care in the near future [14]. Domain experts also
ranked these technologies according to those most likely to
warrant a conversation with the person living with dementia to
ensure acceptable use. We selected 4 technology categories
from this list with an eye on the collective variability of data
type (location, audio, visual, etc). The technologies featured in
the web application are location tracking outside of the home,
4 activity sensors inside the home, web cameras, and artificial
companion robots that use artificial intelligence and voice to
interact with a person.

In that domain expert study, specific ways to mitigate prominent
risks these technologies pose were also identified. These risk
mitigation strategies applied to such diverse realms as design,
policy, and regulation, and to interpersonal care practices, such
as ensuring the ability to pause a device when one wants privacy
or to be reminded about what information a given technology
is collecting about them [14]. Five of the most commonly
endorsed risk mitigation strategy options were incorporated into
a survey for 825 people aged 21-92 years, with a mean age of
64 years (SD 13.13 years). The sample included a significant
proportion of people who had memory problems or had been
seen by doctors about memory concerns (n=201) [56]. The
survey assessed the importance participants placed on the 5
actionable risk mitigation strategies for the use of these kinds
of technologies in elder care [56]. Findings from the survey
confirmed the very high importance and relevance of these 5
options to an older sample of people, including those with and
those without reported memory problems [56].

The cumulative findings from the expert study and large survey
of older adults were the building blocks of the intervention. The
main components of the Let’s Talk Tech web application are 4
featured technology modules (location tracking, in-home
sensors, web cameras, and artificial companion robots). The
goals of each module are to (1) clearly communicate the function
of each technology, (2) clearly communicate the research-based
prominent risks and benefits of using each, (3) prompt
discussion between dyad members about their feelings, (4)
document the preferences of the person living with dementia
for use, nonuse, or conditioned use of each technology, and (5)
document preferences for the use of alternatives to the featured
technologies. Alternatives are offered to ensure that the option
to use a given technology is presented as a true choice rather
that the only acknowledged option to support care. Participants
are presented with clear descriptions of the 4 data-diverse
technology categories and prompted to discuss with each other
their feelings about them. In order to help the dyad members
appreciate what it might be like to use each, the web application
presents prominent positive and negative implications for each
technology, derived from the expert study [14], and assesses
which are of most importance to the person living with dementia.
The person living with dementia is then prompted to document
their use preference for each, as well as the options that use may
be contingent on. After the technology modules are completed,
participants are guided through a series of general questions
regarding the options that may be important to them, derived
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from the survey research described above [56]. The web
application provides a summary document that summarizes
their choices and discussion. It can be accessed and edited any
time at a later date.

For accessibility, the web application complies with the criteria
of the Web Content Accessibility Guidelines (WCAG) 2.1 at
Level AA. The WCAG represent the standard for web
accessibility developed by the World Wide Web Consortium.
The web application includes an automatic audio option to hear
the content read aloud and is screen-reader compatible. To
ensure that all aspects of accessibility for those living with mild

dementia were considered, the design and content of the tool
were shared and discussed with 10 human-computer interaction
design experts and clinicians who work with people living with
dementia. The clinicians included a neurologist, a
neuropsychologist, physicians (eg, geriatricians and palliative
care experts), gerontological social workers, and nurses. For
example, Let’s Talk Tech’s content was designed to avoid
abstractions, and sentences were reviewed for clarity, singular
constructs, and shorter length to enable comprehension, in
addition to word choice. The verbiage used to introduce the
web application on its home page is provided in Textbox 1. 

Textbox 1. An introductory message of Let’s Talk Tech.

Why talk about technology now?

There are many ways to add support to help someone live independently. One is to use technology.

Some technologies collect information about a person to help a family member or caregiver monitor them. The only person who knows if you’re
comfortable about any of these technologies is you. Information about what it can be like to use these technologies could help you decide how you
feel.

That’s why this can help. Having conversations about technology choices can help you think about what you want or don’t want. Letting people know
how you feel can make it easier for them to follow your choices when deciding about using technologies in the future.

The reason to do this together is this can be a shared decision.

Participants
The inclusion criteria for older adults were as follows: (1)
enrollment in the University of Washington Alzheimer’s Disease
Research Center (UW ADRC) clinical core or research registry
with a diagnosis of mild AD dementia; (2) age 55+ years; (3)
English speaking; and (4) having a care partner identified as a
primary support person willing to participate in the study. The
inclusion criteria for care partners were as follows: (1)
co-participant of an ADRC clinical core patient or research
registry patient who has been diagnosed with mild AD dementia;
(2) identification by a study participant aged 55+ years as
someone who is their primary support person; (3) age 18+ years;
and (4) English speaking. Between the 2 potential dyad
participants, one had to have access to a device (such as a
computer, laptop, or tablet) that they could use together, which
had an internet connection. Twenty-nine dyads participated in
the study. Each individual participant received a Visa gift card
for US $150 for their time upon completion of the 3 steps
described below.

Ethics Approval
The study received approval from the University of Washington
Division of Human Subjects (study number: STUDY00014226).
Informed consent was obtained from each participant.

Procedures
Reported in this paper are the feasibility findings for recruitment,
enrollment, and retention, and the survey questions and
interviews that assess the acceptability of Let’s Talk Tech.
Acceptability was assessed at time 2 (T2) after use of the
intervention, using 7 survey questions to measure satisfaction,
quality, and usability. The specific items are presented with
their outcomes in the Results section. T2 surveys were followed
immediately by dyadic interviews that probed further about
participants’ responses to the acceptability questions. The

interviews allowed us to learn about specific components of the
web application that worked or did not work well for each dyad,
and to identify areas for improvement. The interview portion
lasted an average of 33 min (range 15-75 min). Among the
dyads, 65% completed these interviews by Zoom video and
35% completed in person. All interviews were audio recorded
with permission. 

Procedures for the pilot study as a whole involved the following
3 steps: (1) time 1 (T1) study questionnaire completion
individually with the researcher present to support the person
living with dementia, if needed; (2) web application completion
together as a dyad without the researcher present, and (3) T2
questionnaire completion individually with the researcher
present to support the person living with dementia, followed
immediately by an interview with the dyad. Questionnaires were
administered via REDCap, and printed copies were used for
those who requested it. The web application was
self-administered, and no researcher was present or assisted
dyads with it, apart from showing them how to access it during
T1. However, the set of T1 and T2 surveys relied on a researcher
to administer the questions to the people living with dementia.
Care partners independently completed their surveys in REDCap
and a researcher stayed with the person living with dementia to
answer clarifying questions as they completed their own surveys
in REDCap. In our case, the researcher was a licensed master
social worker with clinical experience working with people
living with dementia and their care partners.

The study outcome measures, which are not reported here,
included 27 questions for care partners and 7 questions for
people living with dementia unique to this study to assess
knowledge, understanding, and preparedness to make decisions
about technology use (primary efficacy outcomes). Both
participant groups also completed 2 subscales of the Dyadic
Relationship Scale to measure positive dyadic interaction and
strain [57] (secondary outcomes) and the Decision-Making
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Involvement Scale assessing the level of involvement of people
living with dementia in daily decisions [58] for descriptive
purposes. Care partners were administered the General Anxiety
Disorder-7 (GAD-7) [59] to confirm that the intervention would
not increase anxiety, and the Stetz Inventory to describe this
participant group’s level of involvement with caregiving tasks
[60,61].

Analysis
Analyses for descriptive statistics and frequency counts were
performed in R (R Core Team). Frequency counts were used to
summarize participant T2 feasibility and acceptability results,
and T2 transcribed interviews were coded in Dedoose (Version
9.0.17; SocioCultural Research Consultants, LLC). Two coders
used a process of thematic analysis to identify themes regarding
participants’ experiences with the web application and
suggestions for improvement [62,63]. A codebook was
developed based on the interview guide followed by initial
coding by a primary coder who developed inductive codes in
the process. The new codes were incorporated, and a secondary
coder then reviewed the coding decisions and the 2 discussed
discrepancies and reached consensus about them [63]. The pair
then read the coded excerpts across interviews and identified
themes related to outcomes of feasibility and acceptability.

Results

Feasibility

Recruitment, Enrollment, and Retention
Recruitment was conducted through 2 existing university
research volunteer pools who had consented to be contacted
about potential participation in other studies. As part of the UW
ADRC’s operations, both the clinical core patient participants
and their co-participants have annual visits with UW ADRC,
and the status of mild AD dementia is reassessed. The ADRC
prescreened participants in their research registry group to
identify those with mild AD dementia and those with mild AD

who also had a co-participant (here, “care partner”) volunteer
for our recruitment list. Because the UW ADRC diagnoses the
patients and reassesses them annually and because the center
has diagnosis and severity information for the participants, there
was no further assessment to determine cognitive impairment
status. 

Those who were identified by the ADRC as having a diagnosis
of mild AD dementia were invited to participate with their care
partner by phone or email according to their preferences for a
total of 110 people living with dementia invited. Thirty did not
respond to the invitation, and we do not know the reasons for
their nonparticipation. The reasons for nonparticipation among
respondents were as follows: care partners determined that the
people living with dementia had dementia too far advanced
(n=11), not interested (n=11), not a good time (n=9), and lack
of a device or comfort using a computer (n=2). Thirty-three
people living with dementia enrolled with their care partners,
and 29 (88%) dyads completed the study. Of the 4 dyads who
did not complete the study, 1 dropped out before T1 because
of difficulties with a recent move to memory care, 2 dropped
out during T1 because the standardized survey scales were too
difficult for the people living with dementia, and 1 dropped out
after T1 because of computer difficulties generally and because
the care partner had an overwhelming health change.

Age, gender, race, and ethnicity reported by both people living
with dementia and care partners are presented in Table 1. Care
partners were mainly spouses, and 1 care partner was an adult
daughter. Participants wrote in their gender identity. Among
the participants, 38% (11/29) of care partners and 62% (18/29)
of people living with dementia were male. The age of care
partners ranged from 55 to 83 years (mean 68 years, SD 6.73
years), and the age of people living with dementia ranged from
59 to 82 years (mean 70 years, SD 7.06 years). Only 3
participants did not identify as non-Hispanic white (2 Asian
American care partners and 1 African American person living
with dementia). Data on Hispanic/Latino ethnicity were missing
for 7 care partners. 

Table 1. Participant characteristics.

People living with dementia (N=29)Care partner (N=29)Demographics

70 (7.06); 59-8268 (6.73); 55-83Age (years), mean (SD); range

Gender, n (%)

18 (62)11 (38)Male

11 (38)18 (62)Female

Race, n (%)

28 (97)27 (93)White

1 (3)0 (0)African American

0 (0)2 (7)Asian

0 (0)0 (0)Hispanic/Latino ethnicity, n (%)

Completion
Our a priori cut point, at which the intervention is considered
complete, was if the dyad completed at least three of the four
technology modules. Participants were asked to complete all

modules, but this was a self-administered intervention in which
the researcher was not present while the dyads worked through
the web application. As such, we did not expect the high
completion rate of 100% for the 4 modules. As a group,
participants completed 98.4% of the primary 17 questions asked
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in the web application (a total of 485 of 493 nonskip logic
follow-up questions). Two participants did not answer 1 question
each, 1 did not answer 2 questions, and 1 did not answer 4
questions. Only 2 of the dyads reported spreading the web
application over 2 sessions. On average, the time between T1
and T2 was 16 days. The average time between web application
completion and T2 was 4 days.

Acceptability: Satisfaction, Quality, and Usability
Satisfaction, quality, and usability were measured with Likert
response item questions and follow-up interviews to probe
responses. Satisfaction was measured using the following
questions answered on 5-item Likert scales: “How helpful was
the tool?” (“Extremely unhelpful” to “Extremely helpful”) and
“How likely would you be to recommend this tool to others
living with dementia or their caregivers?” (“Extremely unlikely”
to “Extremely likely”). Quality was assessed with the following
questions: “Was the tool balanced?” (“Slanted in favor of using
the technology,” “Slanted against using the technology,” and
“Balanced”) and “Was there enough information to help you
decide about how to answer the questions?” (“Too much
information,” “Too little information,” and “Just right”).
Questions about ease of use, clarity, and length describe usability
as follows: “How easy was it to use this tool?” (“0 [very easy]”
to “10 [very hard]”), “Were the descriptions clearly worded?”
(“Very clearly,” “Somewhat clearly,” and “Not clearly”), and
“Please rate the tool’s length” (“Too long,” “Too short,” and

“Just right”). These findings are presented in Table 2.
Semistructured dyadic interviews immediately followed this
questionnaire to probe these responses and to learn about
participants’ experiences with the intervention. We also present
interview themes that provide greater insight into survey
responses about feasibility and acceptability.

As depicted in Table 2, all care partners answered all
satisfaction, quality, and usability questions, and depending on
the question, 4 to 5 people living with dementia did not answer
because they reported difficulty remembering the web
application experience well enough to answer the questions.
Both participant groups generally reported that Let’s Talk Tech’s
length was just right. Overall, 80% (23/29) of care partners and
68% (17/25) of people living with dementia who answered the
question felt that the descriptions were very clearly worded.
One care partner reported that the descriptions were not clearly
worded. Moreover, 86% (25/29) of care partners and 83%
(20/24) of people living with dementia said that the amount of
information was just right, while 14% (4/29) of care partners
and 13% (3/24) of people living with dementia said there was
too little information, with 1 person living with dementia
reporting too much information. Some dyads specifically noted
the need for more concrete and visual examples, particularly
about what an artificial companion robot could do. Some
participants suggested ways to enable a deeper dive into the
technologies in each module for those who wanted to learn even
more, including how to find a device or product on the market. 
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Table 2. Feasibility measures of satisfaction, quality, and usability for care partners and people living with dementia at time 2.

People living with dementia (N=29), n (%)Care partners (N=29), n (%)Question and responses

MissingCompletedMissingCompleted

5 (17)24 (83)0 (0)29 (100)Please rate the tool’s length

1 (4)2 (7)Too long

1 (4)0 (0)Too short

22 (92)27 (93)Just right

4 (14)25 (86)0 (0)29 (100)Were the descriptions clearly worded?

0 (0)1 (3)Not clearly

8 (32)5 (17)Somewhat clearly

17 (68)23 (80)Very clearly

5 (17)24 (83)0 (0)29 (100)Was there enough information to help you decide about how
to answer the questions?

1 (4)0 (0)Too much information

3 (13)4 (14)Too little information

20 (83)25 (86)Just right

5 (17)24 (83)0 (0)29 (100)Was the tool balanced?

3 (13)2 (7)Slanted in favor of using the technology

0 (0)0 (0)Slanted against using the technology

21 (87)27 (93)Balanced

5 (17)24 (83)0 (0)29 (100)How helpful was the tool?

0 (0)0 (0)Extremely unhelpful

1 (4)0 (0)Unhelpful

3 (13)2 (7)Neutral

18 (75)25 (86)Helpful

2 (8)2 (7)Extremely helpful

4 (14)25 (86)0 (0)29 (100)How likely would you be to recommend this tool to others living
with dementia or their caregivers?

0 (0)1 (4)Extremely unlikely

1 (4)0 (0)Unlikely

5 (20)5 (17)Neutral

14 (56)18 (62)Likely

5 (20)5 (17)Extremely likely

Participants felt Let’s Talk Tech was balanced, except for 7%
(2/29) of care partners and 13% (3/24) of people living with
dementia who felt it was slanted in favor of using the
technology. None felt it was slanted against use. A couple of
participants noted that having an intervention that has a purpose
to encourage discussion about technology options causes bias
toward technology (eg, “maybe it’s the fact that here’s some
offer of technology to help. You know, not that you’re pushing
it but it’s there. So it feels like it's an automatic pro for the
technology”). Others appreciated the neutralizing features of
the tool, specifically, presentation of nontechnology alternative
options to support care, as well as both positive and negative
aspects of each technology. One care partner explained, “the
pros and cons examples were very good and I think those are
very important. Because otherwise it can be very leading…I

thought you did a good job, because otherwise, if you just list
all the pros your brain goes that way.” Another care partner
elaborated, “the format’s conducive to being honest with it. It
doesn't promote trying to gain anything. It's pretty neutral that
way.” 

On a scale of extremely unhelpful to extremely helpful, 86%
(25/29) of care partners and 75% (18/24) of people living with
dementia rated the intervention as helpful, with 2 in each group
rating it as extremely helpful, and 2 care partners and 3 people
living with dementia selecting neutral. One person living with
dementia rated it as unhelpful. Additionally, 79% (23/29) of
care partners and 76% (19/25) of people living with dementia
were likely or extremely likely to recommend Let’s Talk Tech,
while 1 person living with dementia was unlikely and 1 care
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partner was extremely unlikely to recommend Let’s Talk Tech.
Interviews revealed that most of the individuals who reported
that they would be likely to recommend it to others cited the
benefit of awareness gained about technological tools that may
be helpful and the support with having conversations about
them, and some who were not inclined felt it would not be their
business to make such a recommendation.  

Roughly half of the dyads reported some discomfort in
completing Let’s Talk Tech, noting that thinking about the need
for technologies is scary or unsettling, that any disagreement is
hard, or that it can bring up worries about being a burden for
people living with dementia. However, all stated that it was
worth the discomfort. For example, a dyad explaining that it
makes people living with dementia very sad to talk about
advance planning for care support, discussed why that was
worthwhile as follows:

And by having these conversations, makes it easier
for both of us, because then we're not guessing. [Care
partner]

It's true and, and the more we're able to talk about
it, the more comfortable it is, that okay, this is just
how things are now and it's okay. [Person living with
dementia]

And we can joke about it. [Care partner]

When asked directly if it was worth the sadness people living
with dementia felt, this person living with dementia responded,
“Oh absolutely yes. Yes, because it’s something to get through.
And the only way to get to the other side is to talk about it and
yeah absolutely.”

Participants were asked how easy it was to use Let’s Talk Tech.
Six of the people living with dementia did not remember it well
enough to answer. Figure 1 presents a visual comparison of the
2 participant group ratings of ease of use. It was harder for
people living with dementia as compared with care partners,
though both groups primarily reported it as somewhat easy. Four
participants (3 people living with dementia and 1 care partner)
rated the tool difficult to use (score of 6 or greater). When asked
about this rating, 1 person living with dementia said it was
because this was the first time she was thinking about this topic
and she was trying to wrap her head around the technology.
Another had trouble remembering that he had used the web

application and was in pain during the interview, so he did not
expand on the reason for his rating. The dyad that rated the tool
difficult to use reported difficulty in relating scenarios specified
in the tool to their own lives and felt that they were too broad.

Interviews confirmed the survey findings that the intervention
is most usable and useful during early/mild stages of dementia
when using the tool is not too onerous for people living with
dementia, and it is easily navigated with questions well
understood. Some people living with dementia felt that they
were not at a stage of their disease that warranted the use of the
featured technologies and thus had difficulty relating to the
questions about their preferences for them as they felt they were
not needed. Not all struggled with this, but participants from
12 dyads (11 care partners and 4 people living with dementia)
recommended including more scenarios to enable people to
imagine times in the future when their responses or preferences
may change. 

Caregivers also indicated that they felt that the disease stage
would impact the person’s answers to the questions posed in
the web application. While recruitment was conducted with
those identified by the ADRC as in a mild stage of AD, we did
not conduct additional tests to confirm the current status. Two
care partners explained in their T2 interviews that they believed
the patients were in the middle stages of the disease. One care
partner explained why she thought the ideal time to use Let’s
Talk Tech would be at an early stage:

I feel like we’re like moderate like in the middle stages
like right in the middle of the middle stage, and so I
almost think that in the early stages of, of Alzheimer’s
or like right in the beginning of the moderate stage.
I mean he can still answer the questions now. It just
takes a lot of like rephrasing.

This person felt that had the patient still been at an early stage,
he would have been able to answer with better judgment, a more
accurate understanding of his own condition, and greater
consideration of the demands on her as a care partner, and would
have felt less worried about being judged (amplified via a
camera, for example) than he was at this moderate stage. Care
partners who doubted their partners’ comprehension often also
doubted the validity of their responses, making the intervention
less helpful as a planning tool for those participants whose AD
had advanced beyond the early stage. 
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Figure 1. Web application tool ease of use. Frequency responses to “How easy was it to use this tool?”.

Discussion

Principal Findings
The findings of this study represent promising feasibility data
for a self-administered web application intervention designed
for people living with mild AD/ADRD and a care partner.
Participants were able to navigate through the entirety of Let’s
Talk Tech and perceived value in the discussions it facilitated
despite some discomfort with advance care planning. The high
completion of all aspects of the web application was particularly
encouraging because we anticipated that working through all
modules in one sitting could be a challenge for people living
with dementia. Only 2 dyads reported splitting their session
with the application into 2 sittings. Participants may have
completed all web application forms because they were asked
to as part of the introduction of the study, and we should thus
not expect such a high rate of completion outside of a study
context. It is likely that in a real-world nonstudy context,
participants may only complete those modules that seem of
particular interest or relevance to them. Still, the successful
completion of the Let’s Talk Tech intervention that dyads
achieved, primarily in 1 sitting, indicates that the intervention
is not too strenuous for care partners or people living with mild
AD and is well targeted for this group.

Having difficult conversations was not reportedly a problem
for our sample. The interviews described that it was
uncomfortable for some, but not so uncomfortable that it
outweighed the benefits of having these conversations. This is
an important element of feasibility and a promising finding that
people may accept this intervention as an opportunity to have
conversations they feel are important, though difficult to
facilitate on one’s own without such a tool. 

Limitations and Implications for Future Work
While the feasibility and acceptability ratings were all high,
some limitations of the intervention were illuminated by

participants through interviews. First, while our findings clearly
indicated that Let’s Talk Tech is very well targeted to people
living with early stages of AD, a difficulty for people living
with mild dementia is that they may not yet feel that there is
need for the technologies featured in the intervention. Sometimes
there may be disagreement with a care partner about this if they
assess their condition differently. Adding future-oriented
scenarios would be a clear response to this issue, and participants
suggested this directly; however, research also shows that people
have a very difficult time projecting themselves into future
scenarios with accuracy [64]. Another complication of this
potential approach is that a common symptom of AD/ADRD
is difficulty with abstract thinking, which makes advance
planning and imagining oneself in future or imaginary scenarios
challenging [65]. Still, the need to enable the expression of
preferences for future scenarios in addition to current use was
a strong interview theme, indicating that more research is needed
on how to enable this in a way that meets the needs of both
members of the care dyad. 

Second, 2 care partners described their partners as being at
mid-stage and no longer at the early stages of dementia, and
those individuals had difficulty with comprehension. These
participants still completed Let’s Talk Tech, but care partners
reported more work to navigate it to the point where it could
become too onerous and where the responses of people living
with dementia could be deemed less reliable by care partners.
This underscores our finding that this self-administered web
application is well suited for people who have not yet progressed
to moderate stages of AD dementia. This also suggests that
more research is needed to find ways to engage dyads at
moderate stages, such as additional support to answer questions.

Third, the finding that the intervention’s bias toward technology
use was mitigated by not naming specific products or devices
was not consistent with the finding that dyads would have
considered photographs useful for comprehension, and many
care partners desired links and next steps to find devices for
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purchase. While they often had enough information to form
preferences, some people living with dementia and care partners
reported that they lacked clarity about the scope of what an
artificial companion robot could do. This is unsurprising given
the relatively low levels of algorithmic awareness [21] and lower
familiarity with a more recently developed technology, such as
artificial companion robots, relative to location tracking and
other featured technologies. It indicates that focus is needed on
how to describe the capabilities of such a device, and possibly
others using artificial intelligence and natural language
processing specifically, in ways that are more likely to be clear
to people living with mild dementia and their care
partners. Because algorithmic awareness is also associated with
categories of socioeconomic status and may be associated with
race and ethnicity, it will be important in future studies to collect
education, income, and wealth data, and to ensure racial
diversity in study samples. A limitation of this pilot study is
that we were unable to examine potential associations by these
categories.

Fourth, obtaining feedback on the web application days after
completion from people living with dementia was sometimes
challenging owing to their difficulty with short-term memory.
Because it is critical that researchers understand this participant
group’s experience with the intervention, creative solutions,
such as soliciting real-time feedback during or immediately
after use of the intervention, are required.

Finally, having a dementia-trained researcher to administer the
survey portions of this study was helpful to guide people living
with dementia through a long set of surveys, clarify interview
questions, and be sensitive to signals that it was time to stop or
pause. Because of this researcher’s clinical experience, we were
able to closely observe the points at which participants living

with dementia reached their limit with regard to answering
research questions. We found that speaking beyond 30 to 35
minutes was sometimes difficult for people living with dementia,
at which point answering questions started to become
cognitively taxing. They often reported a lack of attention after
that point or feeling tired. This observation may be informative
for other intervention studies involving people living with mild
AD. 

Conclusion
The use of in-home monitoring technologies to predict health
problems and support aging in place is growing faster than our
understanding of how to help families make decisions about
how and when to use them. Our pilot study findings demonstrate
strong preliminary feasibility and acceptability of the Let’s talk
Tech intervention for promoting informed shared
decision-making about technologies used in dementia care.
Successful recruitment, enrollment, and retention, and 100%
completion of the web application intervention demonstrate
strong feasibility. Good ratings were given for the satisfaction,
quality, and usability measures of acceptability. Our findings
also revealed useful considerations for other self-administered
web application interventions for people living with mild AD
and care partners, including optimal exit interview time and the
potential need for immediate feedback processes upon
intervention completion. Most importantly, this pilot study
demonstrated that a self-administered dyadic intervention in
the form of a web application can be successfully independently
completed in 1 sitting by mild AD care dyads. This research
advances the scientific understanding of how to engage people
living with dementia in decisions while helping families navigate
a complex technology landscape. 
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Abstract

Background: People living with Alzheimer disease and related dementias (ADRD) require prolonged and complex care that
is primarily managed by informal caregivers who face significant unmet needs regarding support for communicating and
coordinating across their informal care network. To address this unmet need, we developed CareVirtue, which provides (1) the
ability to invite care network members; (2) a care guide detailing the care plan; (3) a journal where care network members can
document, communicate, and coordinate; (4) a shared calendar; and (5) vetted geolocated caregiver resources.

Objective: This study aims to evaluate CareVirtue’s feasibility based on: (1) Who used CareVirtue? (2) How did caregivers
use CareVirtue? (3) How did caregivers perceive the acceptability of CareVirtue? (4) What factors were associated with CareVirtue
use?

Methods: We conducted a feasibility study with 51 care networks over a period of 8 weeks and used a mixed methods approach
that included both quantitative CareVirtue usage data and semistructured interviews.

Results: Care networks ranged from 1 to 8 members. Primary caregivers were predominantly female (38/51, 75%), White
(44/51, 86%), married (37/51, 73%), college educated (36/51, 71%), and were, on average, 60.3 (SD 9.8) years of age, with 18%
(9/51) living in a rural area. CareVirtue usage varied along 2 axes (total usage and type of usage), with heterogeneity in how the
most engaged care networks interacted with CareVirtue. Interviews identified a range of ways CareVirtue was useful, including
practically, organizationally, and emotionally. On the Behavioral Intention Scale, 72% (26/36) of primary caregivers reported an
average score of at least 3, indicating an above average intention to use. The average was 81.8 (SD 12.8) for the System Usability
Scale score, indicating “good” usability, and 3.4 (SD 1.0) for perceived usefulness, suggesting above average usefulness. The
average confidence score increased significantly over the study duration from 7.8 in week 2 to 8.9 in week 7 (P=.005; r=0.91,
95% CI 0.84-0.95). The following sociodemographic characteristics were associated with posting in the journal: retired (mean
59.5 posts for retired caregivers and mean 16.9 for nonretired caregivers), income (mean 13 posts for those reporting >US $100K
and mean 55.4 for those reporting <US $100K), relationship to care recipient (mean 18.7 posts for child and mean 56.4 for
partners/spouses), and living situation (mean 44.7 for those who live with the care recipient and mean 13.1 for those who do not).
Older care recipients were associated with fewer posts (r=–0.33, 95% CI –0.55 to –0.06).
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Conclusions: This study establishes the acceptability and feasibility of CareVirtue among ADRD care networks and highlights
the importance of designing flexible, multicomponent interventions that allow care networks to tailor their engagement according
to their needs. The results will be used to improve CareVirtue feasibility and acceptability in preparation for a subsequent
randomized trial to test CareVirtue’s effectiveness in improving caregiver outcomes.

(JMIR Aging 2022;5(3):e36975)   doi:10.2196/36975
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Introduction

Background
More than 6 million individuals in the United States are living
with Alzheimer disease and related dementias (ADRD) and it
is attributed as the cause of death for 1 in 3 individuals over the
age of 65 [1]. In the past 2 years, deaths attributed to ADRD
have increased by 16% and research has projected that the
number of people living in the United States with ADRD will
triple by 2060 [1].

Individuals living with ADRD require prolonged and complex
care that is primarily managed by informal caregivers. Informal
caregivers are unpaid, nonprofessionals that provide care and
typically include family and friends. There are an estimated 11
million caregivers providing care for people living with ADRD
in the United States and they provide approximately 15.3 billion
hours of unpaid care valued at nearly US $257 billion [2].
Caregivers report being undertrained, under-supported, and
under-resourced to perform their caregiving role. Although
caregivers can experience positive outcomes related to
caregiving, the imbalance of caregiving demands and supports
is often associated with mental, physical, and economic
challenges that can lead to significant consequences for
caregivers and the individual living with ADRD, such as
caregiver stress, burden, depression, and morbidity [3-5].

To address these suboptimal caregiver outcomes, the US
National Institute on Aging and other national advisory panels
have highlighted the development and testing of
technology-based interventions for caregivers of people living
with ADRD as a key priority [6-8]. For example, the 2015
Alzheimer’s Research Summit highlighted the need to “test the
use of technology to overcome the workforce limitations in the
care of older adults with dementia as well as providing caregiver
support and education.” [7]. In response, researchers have
developed numerous information technology interventions such
as mobile apps and websites to support ADRD caregivers across
a range of domains including caregiver education, self-care
support, support for managing behavioral symptoms of
dementia, and virtual peer support groups [9-11]. Several
systematic reviews and recent meta-analyses report that these
technology interventions can improve outcomes for caregivers,
such as increased self-efficacy and reduced ADRD caregiver
burden, stress, and depression [3,12-19]. These reviews also
suggest that effective interventions offer multiple components,
tailored options, and social support [9-11].

However, a significant gap in existing interventions is that most
focus only on the primary caregiver, even though most people

living with ADRD receive care from more than 1 caregiver—a
care network—with varying degrees of involvement [20-24].
Currently, caregivers face significant unmet needs regarding
support for communicating and coordinating across the care
network including sharing information, maintaining situation
awareness, distributing responsibilities, scheduling, and
managing caregiver hand offs [20-24].

Although some mobile apps exist that allow caregivers to share
information, they are limited in their functionality, quality, and
potential to meet the specific needs of ADRD caregivers [25].
A recent review of mobile apps for caregivers of people living
with ADRD available on the US market identified 2 mobile
apps that support shared communication and coordination [25].
According to study findings, one of those apps did not function
consistently and received a quality rating of inadequate as
indicated by the Mobile Application Rating Scale (MARS). The
second app received an overall quality rating of minimally
acceptable quality according to the MARS but scored lower
than average on subjective quality. A similar study conducted
in 2018 by Wozney et al [26] identified 3 mobile apps that
connect a primary caregiver to other members of the care
network. One of the apps identified is no longer available on
the US market. The other 2 apps identified are not specifically
designed to meet the needs of caregivers for people living with
ADRD and are limited in their function (eg, only provide a
shared calendar).

To address the current gaps in existing interventions, we
developed CareVirtue, a progressive web application developed
in React to support and connect ADRD care networks that can
be accessed via a web browser on any device with a data
connection. CareVirtue seeks to address the current gaps in
existing ADRD caregiver support technologies through a
high-quality, user-centered, ADRD caregiver–specific
multicomponent technology to support communication,
coordination, and connection among care networks. CareVirtue
was initially inspired by an online support group for people
newly diagnosed with ADRD and their caregivers in which
support group members expressed an unmet need for tools to
support communication and coordination among the care
network. The need for CareVirtue was further supported by
several findings from foundational research on care networks.
First, findings from Block et al [27] suggested that primary
caregivers require technologies to communicate and coordinate
among the care network, that they try to adapt existing
technologies (eg, email, messaging) to meet their needs, and
that adaptation requires additional time and effort. Further,
Ponnala et al [20] found that for primary caregivers, the
currently under-supported communication and coordination
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among the care network increases their caregiving demands.
Moreover, Tang et al [24] highlighted the consequences
caregivers experience with under-supported care network
communication and coordination, including maintaining
situation awareness among caregivers, missing care information
leading to potential patient harm (eg, missing a medication
dose), and miscommunication leading to care network tensions
or conflict.

Collectively, this prior research provides the foundation for
CareVirtue. CareVirtue’s design honors the person-centered
care model for people living with ADRD and their caregivers

by (1) treating people living with ADRD as individuals with
unique needs; (2) seeing the world from their perspective; and
(3) creating a positive social environment in which the person
living with ADRD and caregiver can experience relative
well-being and quality of life. CareVirtue was designed and
developed through consistent, iterative user input across multiple
stages of usability testing coupled with expert evaluation.
CareVirtue was specifically designed to encapsulate the
foundational principles of person-centered care through the
following features. Multimedia Appendix 1 provides a detailed
walkthrough of CareVirtue features, which are given in brief
in Textbox 1.

Textbox 1. CareVirtue features.

CareVirtue Dashboard

Acts as a centralized hub to document and share important information with the care team. The dashboard includes a view presenting upcoming care
appointments and events, linked to the care calendar; a list of current and pending care team members; and a journal where care network members
can document, communicate, and coordinate about daily care events (Figure 1).

Journal Reports

Search and filter options to explore trends and gain insights into care recipient needs. The care journal or portions of the care journal can be exported
to PDF to share as necessary.

Care Guide Template

Includes a table of abilities related to specific activities of daily living and instrumental activities of daily living, and sections for needs and preferences,
with a focus on quality-of-life details to help any caregiver understand the care recipient as a whole person (Figure 2). See Multimedia Appendix 2
for a detailed version of the care guide template.

Care Team Management

The ability to invite care network members to use the account with the primary caregiver with security permissions assigned at each invitation (Figure
3).

Shared Calendar

Supports scheduling and sharing recurring care events, reminders, and appointments (Figure 3).

Geolocated Resources List

For the current study, resources were limited to the Alzheimer’s Association 24×7 helpline, contact details for CareVirtue support, and contact details
for the research team. The subsequent version of CareVirtue will include caregiver and person living with ADRD resources specific to their specific
location such as the local area agency on aging (Figure 4).
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Figure 1. The CareVirtue Dashboard, a centralized hub to document and share important information with the care team.

Figure 2. The CareVirtue Care Guide.
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Figure 3. The CareVirtue Care Team management feature and form to create a new calendar event.

Figure 4. Example of the CareVirtue resources list for a caregiver living in San Diego, California.

Objectives
In this study, we used a mixed methods approach to evaluate
CareVirtue’s feasibility across the following research questions:

• Who used CareVirtue?
• How did caregivers use CareVirtue?
• How did caregivers perceive the acceptability of

CareVirtue?
• What factors were associated with CareVirtue use?

Methods

Design
We conducted a feasibility study over a period of 8 weeks with
the purpose of demonstrating CareVirtue’s acceptability and
feasibility among care networks of people living with ADRD.
This study reports one aim of a larger project, which has 2
specific aims. The first aim is the focus of this study. The second
aim is to leverage the CareVirtue data generated by this
feasibility study to develop an intelligent caregiver assistant
(R41AG069607). The larger sample size and longer study
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duration than is typical for feasibility studies is due to
adjustments made to achieve the second goal [28].

Setting and Sample
Participants were recruited between February and June 2021
through multiple community sites in Wisconsin and Southern
California as well as through the Wisconsin Alzheimer’s Disease
Research Center. Advertisements for study participation were
distributed via email, social media, and newsletter posts.
Interested individuals contacted the study team via email or
phone and were subsequently phone screened for the following
eligibility criteria: self-identified primary caregiver of a person
living with ADRD, at least 18 years of age, English speaking,
daily internet access, and shares caregiving
information/responsibility with other caregivers.

Procedures
Eligible participants were scheduled for a 1-hour enrollment
visit via videoconferencing software. During the enrollment
visit, a study team member obtained informed consent from the
primary caregiver and from the associated person living with
ADRD (ie, the care recipient). If the person living with ADRD
did not have decisional capacity to consent, the primary
caregiver could consent on his/her behalf if he/she was the
legally authorized representative. Next, the study team member
administered a pretrial demographic survey, helped create the
CareVirtue account, and provided a walk-through of
CareVirtue’s functionality. Primary caregivers selected and
invited secondary caregivers (to form a care network) at their
own discretion. Once secondary caregivers were invited, they
were separately contacted via email to electronically obtain
informed consent.

Following enrollment, participants used CareVirtue for 8 weeks.
During the use period, we administered a weekly survey starting
1 week after enrollment to assess caregiver workload and
confidence using CareVirtue. If the survey was not completed,
a follow-up reminder was sent the following day. At the
completion of 8 weeks of use, we conducted a posttrial visit
with the primary caregiver participant via Zoom where we
administered posttrial surveys and conducted a semistructured
interview as described in the following section. Primary
caregivers were provided with a US $150 e-gift card at the end
of the study period. Secondary caregivers contacted the study
team if they were interested in participating in the postuse survey
and interview. Secondary caregivers received US $15 for
completion of the postuse survey and US $25 for completion
of the 30-minute postuse interview.

Data Sources

Demographic Data
We collected primary caregiver characteristics including age,
gender, race and ethnicity, income, education, marital status,
location, and employment. We also collected demographics for
the care receiver including age, gender, ethnicity, living
situation, and relationship to the primary caregiver (Table 1).
Demographic data were not collected from the secondary
caregivers.

CareVirtue Use
We collected data on 8 CareVirtue platform usage metrics across
the study period: number of log-ins, journal posts, journal post
replies, calendar events, secondary caregiver invites sent,
secondary caregiver invites accepted, care guide sections
created, and resources accessed. The log-in data are not fully
representative of actual use because users could remain logged
in to CareVirtue depending on their preference to log out.

Acceptability Measures

Quantitative Acceptability Measures

To assess acceptability, we measured primary caregiver
perceptions of usability and usefulness. We measured usability
using a weekly confidence survey with a single question: “rate
your confidence in using CareVirtue on a scale from 1 (not at
all confident) to 10 (very confident)” and using the System
Usability Scale (SUS), which includes 10 statements (eg,
“Learning to use CareVirtue was quick for me”) and a 5-point
response scale (1=strongly disagree to 5=strongly agree) [29].
We measured usefulness with 3 surveys. First, we used the
National Aeronautics and Space Administration-Task Load
Index (NASA-TLX) to assess caregiver workload on a 6-item
subscale with a 100-point range (1=very low to 5=very high).
The purpose of this measure was to understand the relationship
between caregiver workload and CareVirtue use. Second, we
used the Behavioral Intention Scale, which included 4 statements
(eg, “If it were up to you, to what extent would you want to use
CareVirtue?”) and 5-point response scale from 1 (not at all) to
5 (a great deal) [30,31]. Third, we used the perceived usefulness
survey, which includes 4 statements (eg, “Using CareVirtue
would make it easier to perform my caregiving role”) and a
5-point response scale (1=strongly disagree to 5=strongly agree)
[32]. Quantitative acceptability measures were collected from
all primary caregiver participants. Secondary caregivers could
opt in to complete these assessments by contacting the study
team.

Qualitative Interviews

To provide context to the quantitative measures of acceptability,
we conducted semistructured interviews with the primary
caregivers, which focused on caregivers’ experiences with
CareVirtue during the study period. The interview guide was
developed with input from the full research team (Multimedia
Appendix 3).

Analysis Plan

Overview
We used Python 3.8 (Python Software Foundation) to compute
descriptive statistics and conduct statistical analyses for all
quantitative data. Qualitative data were coded using Microsoft
Excel. Analyses related to research questions are described in
detail below.

Who Used CareVirtue?
To determine participant characteristics, we computed
descriptive statistics from demographic survey responses.
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How Did Caregivers Use CareVirtue?
To assess usage heterogeneity, we computed descriptive
statistics for each of the 8 usage characteristics. We then used
k-means clustering to cluster care networks into “user types,”
where each care network is represented by an 8-dimensional
usage vector. The number of clusters, k, was varied from 1 to
20 and the elbow method was used to select the final k value:
8. See Multimedia Appendix 4 for more details.

How Did Caregivers Perceive CareVirtue Acceptability?
To assess perceptions of usability and usefulness, we computed
descriptive statistics for the SUS, Behavioral Intention Scale,
and Perceived Usefulness Scale. We also computed Pearson
correlation coefficient for the weekly NASA-TLX to assess the
change in overall caregiver workload over the study period and
for the confidence survey to assess if confidence changed over
the study period.

To further explore perceptions of usability and usefulness, we
conducted a general content analysis of the interview

transcripts.53 Three members of the research team (PL, SN, and
AL) with training in human factors engineering reviewed all
transcripts and identified initial categories related to CareVirtue
usability and usefulness, with 2 team members coding each
transcript. Coders met weekly to discuss codes and resolve
discrepancies, which were also discussed in a biweekly meeting
with a senior research team member (NEW) with expertise in
qualitative research and human factors engineering. The
codebook was refined iteratively across the team-based
discussions and the final codebook was applied across all
transcripts using a team-based consensus process [33].

What Factors Were Associated With CareVirtue Use?
To explore the factors associated with CareVirtue use, we
conducted a series of univariate analyses to assess the correlation
between each of the 8 usage characteristics and each of the 14

variables from the demographic survey: the NASA-TLX score
from each week, the confidence score from each week, the SUS
score, the average behavioral intention score, and the average
perceived usefulness score. For continuous variables, we
computed Pearson correlation coefficient and the corresponding
95% CI to assess if the correlation was statistically significant
(P=.05). For discrete variables, we first converted them into
binary variables (if not already) by merging classes to ensure
suitable sample sizes. Then, we used an unpaired t test to assess
whether the difference between the average from each class was
statistically significant. We were unable to perform multivariate
analyses due to our limited sample size.

Ethics Approval
Research ethics approval was granted by the Institutional
Review Board at the University of Wisconsin-Madison (Protocol
#2020-1035).

Results

Who Used CareVirtue?
We enrolled 51 primary caregivers of people living with ADRD
(Table 1) and 61 secondary caregivers to use CareVirtue during
the study period. Care networks ranged from 1 to 8 members.
Primary caregivers were predominantly female (38/51, 75%),
White (44/51, 86%), married (37/51, 73%), college educated
(36/51, 71%), and were, on average, 60.3 (SD 9.8) years of age.
Care recipients were also primary female (34/51, 67%) and
White (45/51, 88%), with an average age of 79.2 (SD 10.6).
Care networks were located in both Wisconsin (29/51, 57%)
and California (19/51, 37%), with 18% (9/51) living in a rural
area. During the study period, 4 primary caregivers dropped out
because of care recipient death (n=2) and personal situations
(n=2). We were unable to reach 6 primary caregiver participants
for the posttrial visit. A total of 12 secondary caregiver
participants completed the postuse survey.
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Table 1. Summary of primary caregiver and care recipient characteristics.

Care recipients (n=51)Primary caregivers (n=51)Characteristic

34 (67)38 (75)Female gender, n (%)

79.2 (10.6)60.3 (9.8)Age (years), mean (SD)

Race/ethnicity, n (%)

2 (4)2 (4)Asian

1 (2)1 (2)Black or African American

2 (4)2 (4)Hispanic or Latinx

0 (0)1 (2)Native American or American Indian

1 (2)1 (2)Not reported

45 (88)44 (86)White

N/AaMarital status, n (%)

37 (73)Married or domestic partnership

11 (22)Divorced

2 (4)Single, never married

1 (2)Widowed

N/AEducation, n (%)

19 (37)Postcollege

17 (33)4-year college

10 (20)Technical school, vocational training, communi-
ty college

5 (10)High school diploma or equivalent

N/AEmployment, n (%)

21 (41)Full-time

19 (37)Retired

7 (14)Part-time

4 (8)Not working

N/AIncome, n (%)

1 (2)≤US $19,000

2 (4)US $20,000-39,000

8 (16)US $40,000-59,000

4 (8)US $60,000-79,000

6 (12)US $80,000-99,000

18 (35)≥US $100,000

8 (16)Do not wish to answer

N/ALocation, n (%)

29 (57)Wisconsin

19 (37)California

2 (4)Illinois

1 (2)Virginia

N/ALocation type, n (%)

42 (82)Urban

9 (18)Rural

N/ARelationship to caregiver, n (%)
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Care recipients (n=51)Primary caregivers (n=51)Characteristic

28 (55)Parent

20 (39)Spouse/Partner

3 (6)Other relative

N/ADistance to caregiver, n (%)

34 (67)In household

12 (24)<20 minutes

2 (4)20-60 minutes

3 (6)>2 hours

N/ALiving situation, n (%)

40 (78)In a house

9 (18)In a nursing home, retirement community, or
other assisted living facility

aN/A: not applicable.

How Did Caregivers Use CareVirtue?
Figure 5 displays boxplots (across care networks) for each of
the 8 usage characteristics. The average (SD) was 18.3 (22.4)
log-ins, 32.5 (46.5) journal posts, 5.3 (13.2) journal post replies,
10.6 (28.5) calendar events, 2.2 (2.1) secondary caregiver invites
sent, 2.2 (2.1) secondary caregiver invites accepted, 6.1 (0.4)
care guide sections created, and 0.6 (1.9) resources accessed.
The log-in data are not fully representative of actual use because
users could remain logged in to CareVirtue depending on their
preference to log out.

Table 2 presents the centroid (the mean values across all care
networks in that cluster), cluster size, and a cluster label for
each of the 8 clusters. The 8 clusters could be further reduced
into 3 primary groups according to the degree of engagement
with the platform. There was heterogeneity in how the most
engaged care networks interacted with the platform; for example,
2 care networks made heavy use of the calendar feature (average
of 141 events) with few posts (average of 41), while another
care network made heavy use of the journal (257 posts) with
only 1 calendar event.

Figure 5. Box plots for each of the eight usage characteristics. They are separated into two plots due to differences in scale.
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Table 2. Cluster centroids for the 8 usage clusters identified by k-means. Each centroid component (eg, invites sent) represents the average across all
care networks within that cluster.

Cluster centroidCluster sizeCluster descrip-
tion

Resources
accessed

Care guide
sections

Calendar
events

Invites ac-
cepted

Invites sentRepliesPostsLog-ins

Low engagement group

063111131023

Moderate engagement group

066232251312Small care net-
works

063661140197Large care net-
works

High engagement group

061833956883Log-in heavy

9618441453302Balanced usage

0614122041332Calendar fo-
cused

28163384162151Posts and
replies

061221257121Posts only

How Did Caregivers Perceive CareVirtue
Acceptability?
We used the NASA TLX score to assess usability and usefulness
in terms of caregivers’ perceptions of their caregiver workload.
Figure 6A displays boxplots of the total NASA TLX score for
each week from week 0 (before the study began) to 7 (the final
week of the study). The average NASA TLX score increased
over the duration of the study (P=.02; r=0.79, 95% CI
0.65-0.87). However, at an individual level the NASA TLX
score only increased over the duration of the study for 3 primary
caregivers, decreased for 2 caregivers, and did not change for

the remaining 29 primary caregivers (17 were excluded due to
missingness).

We used a confidence scale to assess CareVirtue usability.
Figure 6B displays boxplots of the total confidence score for
each week of the study. The average confidence score increased
significantly over the duration of the study from a low of 7.8
in week 2 to a high of 8.9 in week 7 (P=.004; r=0.91, 95% CI
0.84-0.95). At an individual level, 7 primary caregivers saw a
statistically significant increase (P<.05 in all cases; see
Multimedia Appendix 5 for precise P values) in confidence,
while the remaining 17 remained stable (27 were excluded due
to missingness).

Figure 6. (A) Box plot for the weekly NASA TLX score. (B) Box plot for the weekly confidence (in using CareVirtue) survey.

We also used the SUS to assess CareVirtue usability and the
Behavioral Intention Scale and Perceived Usefulness Scale to
assess usefulness. Multimedia Appendix 6 displays histograms
for the Behavioral Intention Scale score, SUS score, and the
perceived usefulness score for primary caregivers. The average
(SD) was 3.3 (1.2) for the Behavioral Intention Scale and 72%
(26/36) of primary caregivers reported an average score of at
least 3, indicating an above average intention to use. The average

(SD) was 81.8 (12.8) for the SUS score, indicating “good”
usability and 3.4 (1.0) for perceived usefulness, suggesting
above average perceived usefulness. For secondary caregivers
the average (SD) was 2.9 (1.1) for the Behavioral Intention
Scale (6/11, 55%, had an average score of at least 3), 77.9 (13.7)
for the SUS, and 3.4 (0.8) for perceived usefulness (Multimedia
Appendix 7).
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Through analysis of the qualitative interviews, we identified 10
categories related to usefulness and 4 categories related to
opportunities to improve usefulness (Table 3). Participants
described CareVirtue as facilitating connection, exploration,
and awareness. In addition, CareVirtue allowed for
documentation and tracking of daily experiences and enabled
emotional catharsis by facilitating the capture and review of
significant moments in their relationship with the person living
with ADRD. Additional facilitators of usefulness described by
participants included centralization of information, coordination

across the care network, and the privacy afforded by controlling
user permissions. Participants further explained that using
CareVirtue made them feel supported and reduced feelings of
being overwhelmed. We also identified opportunities for
improvement, which included increasing engagement such as
creating a CareVirtue user support group; adding customization
such as additional emoji options for journal posts; refining
navigation such as expanding search types; and additional
functionality such as document upload and storage.
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Table 3. Categories of usefulness and opportunities for improvement with illustrative quotations.

Illustrative quotationDescriptionCategories and subcategories

Usefulness

The biggest thing was it [CareVirtue] allowed me to bring my brother and sister,
both of whom live a thousand or more miles away, closer into the loop...at crucial

Interaction across the care networkConnection

times...there, you know, were some things going on, and they were actually
getting the email reminders, and they were actually logging in and looking at
my journal comments and responding in the journal. [P45]

It helped me in terms of measuring my spouse’s progression over those two
whole months. Because, you know, when you’re with someone every day, 24/7

View, explore, and understand
trends over time

Documentation and
Tracking

almost, you may not notice the differences other people do. So, you know, I found
that useful to go back and look at what I wrote, you know, a month ago. Because
it appears the stage of the disease is, and...that it progresses could go, slow
down and could speed up. So, it seemed like the progression was increasing and
just help me quantify it to some degree in terms of what her capabilities were.
[P50]

But the other day he said, you know, I love you. You’re my favorite. And he
hadn’t said I love you to me in like, I don’t know, a few years...but to document

Capture, share, and recollect experi-
ences and important moments in the

Emotional Catharsis

a moment like that as a way for me to kind of cathartically capture those moments
and have those to look back on. [P13]

relationship with the person living
with ADRD

[CareVirtue] also allowed me to let my kids know what was going on the same
time it was happening, as far as what, you know, when I was doing the journaling.

Real-time understanding of daily
care experiences and status of the

Awareness

It also helped my kids to be able to see probably a really good picture of all the
different aspects of what their mom is going through. [P15]

caregiver and person living with
ADRD

So, with the CareVirtue, having one spot, like if I’m going to communicate, I’m
going to put it in there, and then everybody can just go to that spot to look for

Communication, coordination, doc-
umentation, and tracking in one lo-
cation

Centralization and Orga-
nization

the information...people can log-in and just have their notifications and know
that stuff was going on. And it would be one step there versus me trying to figure
out how to get, you know, am I in the right [text message] thread, which infor-
mation needs to go to who? [P26]

But the app [CareVirtue] was really helpful, because before a person came in
for their quote, unquote, shift time, they can have advance information about
how things were before they came, so they could be kind of prepared. [P32]

Seamless, high-quality transitions
of care

Coordination

[CareVirtue] just helped me to identify, I guess, where, how I was feeling and
what my plan was for going forward. [P16]

Self-exploration of feelings, care
strategies, and goals

Introspection

[Before CareVirtue] we kind of send stuff through Messenger, which is not
necessarily a secure, you know, thing, and this one [CareVirtue] is. So, yeah, it

Customizable permissions on a se-
cure platform focused only on care

Privacy

has just created something that was specifically and exclusively for her care,
and that, you know, that was good. [P1]

[CareVirtue] was really useful in terms of keeping a journal and telling every-
body what was going on without having to call every single family member, so
they could read [in CareVirtue] what was going on. [P7]

Reduce demands associated with
communication, coordination, and
documentation

Reduce Burden

When I had a question, I just hit the little blue bubble and it sent a note. And in
absolutely no time somebody [from CareVirtue support]...answered the question

Accessible and responsive customer
support

Support

or told me how to do what I was, needed to do...It just made it really helpful,
really easy to reach out. [P23]

Opportunities for improving usefulness

It’s very personal. Even though they are family members, it’s kind of like do I
really want them to read about my inner thoughts about this, you know, because
it could frighten them. [P37]

Provide additional interactive con-
tent such as private journaling
space, a support group across Care-
Virtue users, and a daily checklist
of care activities

Engagement

The [emoji] smiley or the sad or whatever, it makes you really think about...I
would like it that you could put a couple options in there though [instead of only

Include additional customization
options such as for reminders, and
including more emoji options

Customization

one]. Because, you know, I might start the entry out in one way and then key in
another because it turned. [P44]

A filter to search, you know, for key words, or maybe not even key words, any
word search, you know, any text search, I find immensely valuable. [P12]

Expand search featureNavigation
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Illustrative quotationDescriptionCategories and subcategories

It still lacks the ability for it to be the all-inclusive kind of filing cabinet that I
personally need it to be. [P26]

Add functionality to include allow-
ing for an account with multiple
care receivers and document upload
and storage

Functionality

What Factors Were Associated With CareVirtue Use?
The following sociodemographic characteristics were associated
with the number of posts: retired (average of 59.5 posts for
retired caregivers as compared with 16.9 for nonretired
caregivers), income (13 posts for those reporting >US $100K
and 55.4 for those reporting <US $100K), relationship to care
recipient (18.7 posts for child and 56.4 for partners/spouses),
and living situation (44.7 for those who live with the care
recipient and 13.1 for those who do not). Older care recipients
were associated with fewer posts (r=–0.33, 95% CI –0.55 to
–0.06).

The following workload characteristics were associated with
the number of posts: NASA TLX score representing the
perceived workload associated with the caregiving role from
weeks 2 to 7 (r=0.37-0.46) and the total hours caregiving
(r=0.38, 95% CI 0.11-0.60). In other words, higher perceived
mental workload associated with the caregiving role and a
greater number of hours spent caregiving were associated with
more journal posts.

Regarding usability, we found that a higher SUS score (r=0.40,
95% CI 0.10-0.64) and a higher behavioral intention score
(r=0.378, 95% CI 0.11-0.59) were associated with an increased
number of posts.

We found that 3 demographic characteristics were associated
with the number of log-ins. Retired caregivers had an average
of 27.4 log-ins as compared with 11.3 for nonretired caregivers.
Both primary caregiver age (r=0.31, 95% CI 0.03-0.54) and the
total behavioral intention score (r=0.38, 95% CI 0.11-0.59)
were associated with more log-ins. We found that a higher SUS
score was associated with an increased number of secondary
caregiver invites sent (r=0.33, 95% CI 0.05-0.57).

Discussion

Principal Findings
This study establishes the acceptability and feasibility of
CareVirtue use among care networks of individuals living with
dementia. The results indicate that CareVirtue was perceived
as highly usable and useful, with caregivers indicating a range
of ways CareVirtue was useful to them, including practically,
organizationally, and emotionally. We found that retirees,
spouses/partners of the care recipient, and those who live with
the care recipient were more likely to post more frequently in
the journal. CareVirtue use was not correlated with caregiver
age or education level.

Participants were confident in using CareVirtue, with confidence
increasing over time, which aligns with their reported
perceptions of CareVirtue as highly useful and usable. The
qualitative analysis revealed that CareVirtue is useful across
multiple dimensions including reducing burden associated with

logistics and organization; providing emotional and social
support; and facilitating documentation, tracking, and awareness
across the care network.

Interestingly, participants’ perceived workload associated with
their caregiving role increased over the study period. It is
possible that this result was reflective of the burden of
participating in the study. However, we also found that higher
caregiving workload was associated with more frequent use of
the CareVirtue journal. It is also possible that this consistent
increase in perceived caregiving workload was related to the
increased burden and isolation associated with the COVID-19
pandemic during which our study took place [34,35]. A recent
survey study [33] found that caregiver burden was not associated
with caregivers’ reported intention to adopt a mobile health
(mHealth) intervention. Our finding based on the engagement
with the technology intervention, that increased caregiver
workload was associated with increased journal posts, provides
additional insight into factors that may be influencing
caregivers’ adoption and use of technology interventions. This
finding also points to specific components, such as the ability
to journal about daily experiences and emotions, that may be
more useful during times of higher workload.

We found that usage varied along 2 axes: total usage and type
of usage. There was heterogeneity in how the most engaged
care networks interacted with the platform; for example, 2 care
networks made heavy use of the calendar event feature (average
of 141 events) with few posts (average of 41), while another
care network made heavy use of the journal (257 posts) with
only 1 calendar event. These results confirm the importance of
technology interventions that can account for caregiver
heterogeneity [36,37]—that caregivers are diverse individuals
who have wide-ranging experiences, needs, and contexts. The
need for interventions responsive to caregiver heterogeneity has
been further supported by the identified importance of multiple
component interventions that are tailorable to specific caregiver
needs [5,9-11]. Our findings expand on this by providing
insights into the acceptability and feasibility of a technology
intervention at the care network level. Like studies focused on
primary caregiver technology interventions, our results highlight
the importance of designing flexible, multicomponent
interventions that allow care networks to tailor their engagement
according to their needs and what is most helpful to them.
Importantly, this could also allow for tailoring over time, in
which care networks can shift engagement as their needs change
across disease progression.

This study used a sample size that is much larger than is typical
for a feasibility study [38]. Doing so gave us the opportunity to
leverage data analytics to provide insight into how care networks
engaged with the platform and provided depth to our
understanding of what components caregivers find useful [28].
Survey studies have been useful in capturing self-reported
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perceptions related to adoption and intention to use [39,40].
Findings such as ours along with others such as Øksnebjerg et
al [41] can complement and expand upon findings from
self-report studies by exploring caregivers’ engagement
behaviors. Given caregiver and care network heterogeneity
along with the evidence demonstrating the importance of flexible
and tailorable multicomponent interventions [3,12-19], there is
a need for future research to continue to explore caregiver and
care network engagement behavior with technology
interventions to provide additional insight and begin to build
an evidence base regarding how to optimally tailor interventions
and support engagement according to individual caregiver and
care network needs. To do this, future feasibility trials could
strive to engage larger sample sizes, enabling the use of artificial
intelligence and machine learning to increase personalization.
Further, efficacy/effectiveness trials that typically enroll larger
samples could be used to explore engagement. Doing so may
allow for an increased understanding of the relationship between
engagement with the technology intervention and the health
outcomes.

Although the purpose of this study was not to determine the
effectiveness of CareVirtue on caregiver outcomes, previous
research has demonstrated the potential of technology
interventions to improve caregiver outcomes [3,12-19]. Research
suggests that the significant unmet needs associated with support
for communication and coordination among the care network
may contribute to the often-suboptimal outcomes experienced
by caregivers such as increased stress and burden [20,24,37].
Further, our findings related to caregiving workload and journal
use combined with our qualitative findings provide some initial
indication that caregivers may experience positive effects such
as reduced burden, increased social support, and increased

quality of life from using CareVirtue. Our immediate plan for
future research is to conduct a randomized clinical trial to test
the hypothesis that CareVirtue reduces caregiver stress and
burden and increases caregiver quality of life.

Limitations
Our results should be considered in light of certain limitations.
First, although our sample size was much larger than is typical
for a feasibility study [38], the sample size should be considered
when interpreting the univariate results, as it is possible that a
small group of people could be driving our findings. Second,
although we achieved enrollment of diversity in terms of income
and location within the United States, participants were primarily
White, married, college-educated women of 60 years of age
who lived with the care recipient. Future work will endeavor
to achieve a more sociodemographically diverse sample in terms
of race/ethnicity, education, age, and distance from the person
living with dementia. Third, although this study found a broad
range of care network sizes consistent with previous literature
[20], it is likely that the context of the COVID-19 pandemic
may have reduced the number of in-home supports, which may
have influenced the number of care network members using
CareVirtue.

The results of this study establish the acceptability and feasibility
of CareVirtue use among care networks of people living with
ADRD. This study also highlights the importance of designing
flexible, multicomponent interventions that allow care networks
to tailor their engagement according to their needs and what is
most useful to them. The results of this feasibility study will be
used to improve CareVirtue feasibility and acceptability in
preparation for a subsequent randomized trial to test
CareVirtue’s effectiveness in improving caregiver outcomes.
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Multimedia Appendix 4
Elbow plot for k-means clustering. Each care team is represented by an eight-dimensional vector with the following components:
the number of logins, the number of journal posts, the number of journal post replies, the number of calendar events, the number
of secondary caregiver invites sent, the number of secondary caregiver invites accepted, the number of Care Guide sections
created, and the number of resources accessed through CareVirtue. We clustered all observations using k-means clustering, with
a Euclidian distance metric and 10 random initializations. We varied k from 1 to 20 and used the elbow method (on the intra
cluster distance) to choose the final k value. Figure A1 displays the intra cluster distance for each k value.
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P values for caregiver-reported confidence using CareVirtue over the duration of the study for the 24 participants included in the
analysis (27 participants were excluded due to missingness).
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Histograms for primary caregiver responses to the behavioral intention scale, system usability scale, and perceived usefulness.
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scale.
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Abstract

Background: More than 6 million people in the United States have Alzheimer disease and related dementias, receiving help
from more than 11 million family or other informal caregivers. A range of traditional interventions has been developed to support
family caregivers; however, most of them have not been implemented in practice and remain largely inaccessible. While recent
studies have shown that family caregivers of people with dementia use Twitter to discuss their experiences, methods have not
been developed to enable the use of Twitter for interventions.

Objective: The objective of this study is to develop an annotated data set and benchmark classification models for automatically
identifying a cohort of Twitter users who have a family member with dementia.

Methods: Between May 4 and May 20, 2021, we collected 10,733 tweets, posted by 8846 users, that mention a dementia-related
keyword, a linguistic marker that potentially indicates a diagnosis, and a select familial relationship. Three annotators annotated
1 random tweet per user to distinguish those that indicate having a family member with dementia from those that do not.
Interannotator agreement was 0.82 (Fleiss kappa). We used the annotated tweets to train and evaluate support vector machine
and deep neural network classifiers. To assess the scalability of our approach, we then deployed automatic classification on
unlabeled tweets that were continuously collected between May 4, 2021, and March 9, 2022.

Results: A deep neural network classifier based on a BERT (bidirectional encoder representations from transformers) model
pretrained on tweets achieved the highest F1-score of 0.962 (precision=0.946 and recall=0.979) for the class of tweets indicating
that the user has a family member with dementia. The classifier detected 128,838 tweets that indicate having a family member
with dementia, posted by 74,290 users between May 4, 2021, and March 9, 2022—that is, approximately 7500 users per month.

Conclusions: Our annotated data set can be used to automatically identify Twitter users who have a family member with
dementia, enabling the use of Twitter on a large scale to not only explore family caregivers’ experiences but also directly target
interventions at these users.

(JMIR Aging 2022;5(3):e39547)   doi:10.2196/39547
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Introduction

More than 6 million people in the United States have Alzheimer
disease and related dementias, and the burden is projected to
double by 2060 [1]. Alzheimer disease is the sixth leading cause
of death in the United States [2], and only 8% of people with
dementia do not receive help from family members or other
informal care providers [3], amounting to more than 11 million
family or other unpaid caregivers in 2020 [4]. Caregivers of
people with dementia are impacted physically, cognitively,
socially, mentally, and financially. For instance, compared with
noncaregivers, they are more vulnerable to disease due to
chronic stress [5] and have lower durations and quality of sleep
[6]. Compared with non–dementia caregivers, they are more
likely to experience a decline in cognition [7] and social network
size [8]. They are also more likely to experience depression
compared with noncaregivers [9] and non–dementia caregivers
[10], and depressive symptoms in dementia caregivers are
associated with increased health care use and costs [11]. In
addition to the increased costs of their personal health care,
family caregivers of people with dementia pay for much of the
recipient’s total care costs, with the costs being significantly
higher for people with dementia than without dementia [12].

A range of traditional interventions has been developed to
support family caregivers of people with dementia [13];
however, most of them have not been implemented in practice
and remain largely inaccessible [14]. Recent systematic reviews
have concluded that internet-based interventions are valued by
family caregivers of people with dementia for their easy access
[15] and can have beneficial effects on caregivers’ health [16].
While recent studies [17-23] have shown that family caregivers
of people with dementia use Twitter to discuss their experiences,
to the best of our knowledge, methods have not been developed
to enable the use of Twitter as a platform for internet-based
interventions. Given that nearly 1 of every 4 adults in the United
States uses Twitter [24], Twitter may present a novel opportunity
to reach family caregivers on a large scale, such as through
user-targeted advertisements providing information about
dementia, caregiving, resources, or services. The objective of
this study was to develop an annotated data set and benchmark
classification models for automatically identifying a cohort of
Twitter users who have a family member with dementia.

Methods

Ethical Considerations
The data used in this study were collected in accordance with
the Twitter Terms of Service. The Institutional Review Board
of the University of Pennsylvania reviewed this study (protocol
number: 828972) and deemed it exempt human subjects research
under 45 CFR §46.101(b)(4) for publicly available data sources.

Data Collection and Annotation
Between May 4 and May 20, 2021, we collected 67,060 publicly
available tweets from the Twitter streaming application
programming interface (API) that are in English, are not
retweets, and include both a dementia-related keyword (eg,
dementia, youngdementia, #yod, #ftd, alzheimer’s, alz,

alzheimersdisease, mild cognitive impairment) and a linguistic
marker that potentially indicates a diagnosis (eg, diagnosed,
diagnosis, has, got, developed, with, from). The full list of API
search terms is available in Multimedia Appendix 1. We then
searched these tweets for references to select familial
relationships (Multimedia Appendix 2), identifying 10,733
(16%) of the 67,060 tweets. We randomly sampled 1 tweet per
user—8846 (82%) of the 10,733 tweets—and developed
annotation guidelines (Multimedia Appendix 3) to help 3
annotators distinguish tweets that indicate having a family
member with dementia from those that do not. Among the 8846
annotated tweets, 8346 (94%) were dual annotated, and 500
(6%) were annotated by all 3 annotators. Interannotator
agreement, based on the 500 tweets annotated by all 3
annotators, was 0.82 (Fleiss kappa). Upon resolving the
disagreements, it was determined that 5946 (67%) of the tweets
indicate that the user has a family member with dementia, and
2900 (33%) of the tweets do not.

Automatic Classification
We performed benchmark supervised machine learning
experiments to assess the utility of the annotated data set for
automatically identifying Twitter users who have a family
member with dementia. For the classifiers, we used the LibSVM
[25] implementation of support vector machine (SVM) in Weka
and SVM and 6 deep neural network classifiers based on BERT
(bidirectional encoder representations from transformers): the
BERT-Base-Uncased [26], DistilBERT-Base-Uncased [27],
RoBERTa-Large [28], BioBERT-Large-Cased [29],
Bio+ClinicalBERT [30], and BERTweet-Large [31] pretrained
models in the Flair Python library. We split the 8846 tweets
into 80% (7077 tweets) and 20% (1769 tweets) random sets as
training data (Multimedia Appendix 4) and held-out test data,
respectively, stratified based on the distribution of the binary
annotated classes. For the SVM classifier, we preprocessed the
tweets by normalizing URLs, usernames, digits, and keywords
related to dementia (Multimedia Appendix 1) and familial
relationships (Multimedia Appendix 2), removing
nonalphanumeric characters and extra spaces, and lowercasing
and stemming [32] the text. We used the Weka NGram
Tokenizer to extract n-grams (n=1-3) as features in a
bag-of-words representation. We used the radial basis function
kernel and set the cost at c=32. For the BERT-based classifiers,
we preprocessed the tweets by normalizing URLs and usernames
and lowercasing the text. For training, we used stochastic
gradient descent optimization, a batch size of 8, 15 epochs, and
a learning rate of 0.001. During training, we fine-tuned all layers
of the transformer model with our annotated tweets. To optimize
performance, the model was evaluated after each epoch on a
5% split of the training set. To assess the scalability of our
approach, we then deployed automatic classification on 198,674
unlabeled tweets, posted by 119,640 users, that were
continuously collected from the Twitter streaming API
(Multimedia Appendix 1) between May 4, 2021, and March 9,
2022, and mentioned a select familial relationship (Multimedia
Appendix 2).
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Results

Table 1 presents the precision, recall, and F1-scores of SVM
and 6 deep neural network classifiers for the class of tweets
indicating that the user has a family member with dementia,
evaluated on a held-out test set of 1769 (20%) of the 8846
manually annotated tweets. The classifier based on a model
pretrained on tweets (BERTweet-Large) achieved the highest
F1-score: 0.962 (precision=0.946 and recall=0.979). When
deployed on 198,674 unlabeled tweets, posted by 119,640 users,
between May 4, 2021, and March 9, 2022, the BERTweet
classifier detected 128,838 tweets indicating that the user has
a family member with dementia, posted by 74,290 users—that
is, approximately 7500 users per month.

Table 2 presents examples of false positives and false negatives
of the BERTweet classifier in the test set. Among the 68 false
positives, 36 (47%) refer to people with dementia who are not
or may not be select family members (Tweet 1), 8 (12%) report
that a family member has a condition other than dementia
(Tweet 2), and 5 (7%) merely speculate that a family member
has dementia (Tweet 3). Another 8 (12%) of the 68 false
positives were a result of manual annotation errors. Among the
25 false negatives, 14 (56%) use deixis or anaphora, requiring
additional context in the tweet to understand that a non–first
person determiner (eg, “their” in Tweet 4) actually refers to the
user, or that a personal pronoun (eg, “she” in Tweet 5) refers
to a select family member with dementia. Furthermore, 12 (86%)
of these 14 tweets also include references to people who are not
family members or do not have dementia. Another 4 (16%) of
the 25 false negatives were a result of manual annotation errors.

Table 1. Precision, recall, and F1-scores of classifiers for detecting tweets indicating that the user has a family member with dementia.

F1-scoreRecallPrecisionClassifier

0.9100.9390.884SVMa

0.9380.9540.924BERTb-Base-Uncased

0.9360.9420.930DistilBERT-Base-Uncased

0.9490.9820.918RoBERTa-Large

0.9410.9780.907BioBERT-Large-Cased

0.9300.9580.903Bio+ClinicalBERT

0.9620.9790.946BERTweet-Large

aSVM: support vector machine.
bBERT: bidirectional encoder representations from transformers.

Table 2. Sample false positives and false negatives of a BERTweet classifier for detecting tweets indicating that the user has a select family member
with dementia.

PredictedActualTweetTweet
number

+–Evelyn has dementia, I know. But when she asked me today how my dad was doing... it still
hurt.

1

+–We really don't have a clue about what causes Alzheimer's. We don't have a clue about
Parkinson's, which is what got my dad, either.

2

+–I just listened to the Everywhere at The End of Time, by The Caretaker, and thought about my
grandmother. The songs are about dementia, something my grandma wasn't clearly diagnosed
with, but it hit hard.

3

–+If someone tells u their parent has Alzheimer's please don’t say your grandparent or great aunt
did too. I appreciate that u can relate to the experience but it is so different. Tell me a different
time.

4

–+I have a family member who is vulnerable and two children in their late 20s. I didn’t want to
risk passing virus to her or from her to my family member. My sister made a bubble with her
and her carers. She has dementia so she probably hasn’t missed me!

5

Discussion

Principal Findings
The benchmark performance of automatic classification
demonstrates that our annotated data set has utility for accurately
identifying Twitter users who have a family member with
dementia, and deploying automatic classification on unlabeled

tweets demonstrates that a large cohort of users can be identified.
Therefore, our annotated data set enables the use of Twitter to
scale up accessible, internet-based interventions directly targeted
at family caregivers of people with dementia. Because our
approach involves identifying tweets that mention a familial
relationship, it would also enable interventions to be tailored to
the care recipient.
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Limitations
Our approach to identifying family caregivers assumes that
having “close” relatives with dementia would likely imply the
users’ involvement in caregiving; however, the users identified
in this study may not necessarily be caregivers or may have
been caregivers but are no longer. We took this approach
because we believe that limiting our identification of caregivers
to users who explicitly state that they are providing ongoing

care would underutilize the potential of Twitter for reaching
caregivers on a large scale.

Conclusions
This paper presented an annotated data set and benchmark
classification models for automatically identifying Twitter users
who have a family member with dementia, enabling the use of
Twitter on a large scale to not only explore family caregivers’
experiences among their tweets but also directly target
interventions at these users.
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Abstract

Background: Identifying caregiver availability, particularly for patients with dementia or those with a disability, is critical to
informing the appropriate care planning by the health systems, hospitals, and providers. This information is not readily available,
and there is a paucity of pragmatic approaches to automatically identifying caregiver availability and type.

Objective: Our main objective was to use medical notes to assess caregiver availability and type for hospitalized patients with
dementia. Our second objective was to identify whether the patient lived at home or resided at an institution.

Methods: In this retrospective cohort study, we used 2016-2019 telephone-encounter medical notes from a single institution to
develop a rule-based natural language processing (NLP) algorithm to identify the patient’s caregiver availability and place of
residence. Using note-level data, we compared the results of the NLP algorithm with human-conducted chart abstraction for both
training (749/976, 77%) and test sets (227/976, 23%) for a total of 223 adults aged 65 years and older diagnosed with dementia.
Our outcomes included determining whether the patients (1) reside at home or in an institution, (2) have a formal caregiver, and
(3) have an informal caregiver.

Results: Test set results indicated that our NLP algorithm had high level of accuracy and reliability for identifying whether
patients had an informal caregiver (F1=0.94, accuracy=0.95, sensitivity=0.97, and specificity=0.93), but was relatively less able
to identify whether the patient lived at an institution (F1=0.64, accuracy=0.90, sensitivity=0.51, and specificity=0.98). The most
common explanations for NLP misclassifications across all categories were (1) incomplete or misspelled facility names; (2) past,
uncertain, or undecided status; (3) uncommon abbreviations; and (4) irregular use of templates.

Conclusions: This innovative work was the first to use medical notes to pragmatically determine caregiver availability. Our
NLP algorithm identified whether hospitalized patients with dementia have a formal or informal caregiver and, to a lesser extent,
whether they lived at home or in an institutional setting. There is merit in using NLP to identify caregivers. This study serves as
a proof of concept. Future work can use other approaches and further identify caregivers and the extent of their availability.

(JMIR Aging 2022;5(3):e40241)   doi:10.2196/40241
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Introduction

Clinical practice creates a large amount of structured and
unstructured data [1,2]. Although the electronic medical record
(EMR) has allowed health care systems to collect clinical
encounter data, the collection process and reporting are still
inefficient. This inefficiency is burdensome for health care
workers and providers and may negatively impact patient care
[1,2]. Furthermore, a large portion of the data in health care is
in a free-text format. The data are entered into the system by
multiple individuals (medical students, nurses, social workers,
etc) and lack a specific template, are not easily searchable by
health care workers, and are not readily available for clinical
decision-making. Applying natural language processing (NLP)
to medical notes has shown promising results in diagnosing
certain conditions [3,4], predicting adverse health events [5,6],
and identifying social determinants of health [7].

Systematic collection of caregiver information in EMR is a
challenging task [8]. Although caregivers play an essential role
in the health and well-being of people with complex care needs,
such as those with dementia or a disability [9], health care
systems are not equipped to readily identify caregiver
availability (or lack thereof), type of care provided, time
availability, and other helpful information about caregiver
support. Despite the emergence of NLP in health care [10-14],
there is a paucity of work examining the pragmatic collection
of caregiver information [9].

Approximately 6 million older adults in the United States live
with dementia. This number is expected to double by 2050 [15].
Because of more cognitive and physical limitations, compared
with other older adults, people with dementia often have
complex care management needs, and their well-being depends
on their caregivers [16-19]. For example, postdischarge care
coordination with a patient’s caregiver may reduce readmission
or other adverse health events. It is critical for the health systems
to quickly identify and act upon caregiver availability

information for patients with complex care needs, particularly
after hospital discharge.

In this work, we aimed to provide a proof of concept that NLP
can reliably identify caregiver availability and type via medical
notes. we examined the following three outcomes: (1) whether
a patient lives at home vs in an institution, (2) whether a patient
has a formal caregiver (paid), and (3) whether a patient has an
informal caregiver (eg, a family member). We hypothesized
that using NLP, we would be able to reliably determine each
of the above outcomes.

Methods

Data Source
To examine caregiver availability and type of caregivers, if any,
for patients diagnosed with dementia, we used medical notes
from Michigan Medicine (MM)a large academic medical center
in Southeast Michigan. Our initial patient cohort was identified
using the International Classification of Disease, 10th revision
codes (Table S1 in Multimedia Appendix 1) from structured
EMRs between October 2015 and January 2020. Using a 1-year
look back period, we identified 2205 unique patients with
dementia with at least one hospitalization in MM.

There are 60 different types of medical notes in MM. We
randomly explored 10 notes from each category to identify the
most promising type of notes for this study. Moreover, we
sought expert advice from a geriatric MM nurse to identify the
most promising medical notes for information about caregivers.
Both approaches led us to use telephone encounter notes. Out
of 2205 unique patients, 2017 had at least one telephone
encounter note. We randomly selected and annotated a total of
976 telephone encounter notes (n=224 unique number of
patients), of which 749 (77%) and 227 (23%) notes were
partitioned into training (n=167 unique number of patients) and
test (n=57 unique number of patients) sets, respectively.
Furthermore, we ensured that all notes for each patient were
kept within the same set. Figure 1 presents a schematic flow
diagram of our sampling process.
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Figure 1. Schematic flow diagram (source: 2016-2019 Michigan Medicine Electronic Medical Records). ED: emergency department.

Annotations
To accomplish high interrater reliability, 2 team members, a
nurse experienced in reading and writing medical notes at MM
and a social scientist with no medical background, independently
annotated all notes. Discrepancies in annotation were resolved
with all team members’ participation. Our research questions
included the following:

1. Does the patient reside at home or in an institution?
2. Does the patient have a formal (hired) caregiver?
3. Does the patient have an informal (a family member or a

friend) caregiver?

The above research questions were chosen because the place
of residence and caregiver availability are interconnected.
Furthermore, our caregiver features were not mutually exclusive
because it is plausible that the patient has both an informal and
formal caregiver simultaneously [9]. Each criterion had the
following two levels for annotation: 0 (based on lack of
information or explicit negation) and 1 (based on implied or
explicit narration in the note). If the note had no information
about potential outcomes, we coded all features as zeros. Since
a patient’s circumstances (place of residence and caregiver
availability) may change over time, our unit of analysis was the
note (nested within individual patients). Each note was annotated
independently, relying only on information found in that note.
Using this method, we sought to identify the patient’s place of
residence and caregiver availability longitudinally at each
specific time.

Model
First, we preprocessed the data based on patterns we saw in the
training set and then used 2 lexicons to construct a rule-based
approach to characterizing each note. We measured the model’s
performance in training and test sets, separately, using the

F1-score, accuracy, sensitivity, and specificity of the model
against our gold standard—manual annotations of the notes.
F1-score summarizes the predictive power of an algorithm as
the harmonic mean of precision and recall. Accuracy measures
how many observations—positive and negative—were correctly
classified [20].

Preprocessing
Through our annotation process, we discovered multiple terms
that frequently led to false positives. For example, “family
medicine” raised a false positive for “family,” and “patient
portal” raised a false positive for “patient.” Additionally, some
notes contain template sections and subheading phrases such
as “Family History,” which would list multiple familial relations
that, in this context, would not be caregivers. These words and
phrases were removed from medical notes before applying our
algorithm (items 3 and 4 in the “Description of Rule-Based
Algorithm” below).

Lexicon
Our 2 lexicons were dictionaries of terms used to identify (1)
place of residence and (2) type of caregiver, if any. Specific
terms (eg, “home,” “atria ann arbor,” and “linden square”) were
used to determine the current place of residence. To determine
if a patient resides in an institution or at home, we used a list
of nursing homes and care facilities in Washtenaw County
(obtained from the University of Michigan) and a list of skilled
nursing facilities in the state of Michigan (obtained from the
Centers for Medicare and Medicaid Services website) [21].
Caregiver type was categorized into 2 groups—formal and
informal—using general terms for caregivers (eg, “sister,”
“husband,” or “visiting nurse”). To determine the presence and
type of caregivers, we used a list of commonly used terms for
friends and family members and formal caregivers based on our
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consultations with practitioners (nurses, physicians, and care
coordinators at MM).

Our data dictionary can be found in alphabetical order in Table
S2 in Multimedia Appendix 1. Should a term from the dictionary
be found in a medical note, we would use the corresponding
labels associated with the term to characterize the note. For
example, if a “visiting nurse” and “spouse” were both found in
a note, the algorithm would rule that the patient had both formal
(visiting nurse) and informal (spouse) caregivers.

Multiple rules were implemented to account for a more complex
logic in determining the place of residence and caregiver
presence or type. Throughout the algorithm, a 4-word window,
rather than a fewer- or more-word window, was used because
the 4-word window achieved the best accuracy in the training
set.

Patient Verb Neighborhood
A lexicon was created that included verbs such as “agreed,”
“asked,” or “reported,” suggesting that a patient resides at home
if these verbs appeared within a 4-word window of the following
terms: “pt,” “patient,” or “patient’s” (Table S3 in Multimedia
Appendix 1). This was used to determine whether the patient
had any relevant caregiver information, even if identified terms
in the dictionary were not found in the note. Since health care
workers would often discuss the “patient” in a non–caregiver
related context, we could not simply search for the previous 3
words.

Institution Negation Neighborhood
In many cases, an institution’s name appears in the note without
any relation to patient’s current place of residence or status of
caregiver support. Examples include potential plans when a
patient was discharged from the hospital or in discussion with
family members for referral to an institution or if a patient was
in an institution for subacute rehabilitation, which would not
be considered a place of residence or a caregiver. We created
a lexicon for institution negation words and searched for them
within a 4-word window of each institution’s name. If the
specified negation words were found, then the institution was
disregarded for that note.

If no terms were found, it was determined that the note had no
information available to predict the place of residence or
caregiver presence, and all fields were set to zero.

Description of the Rule-Based Algorithm
The 13 selection criteria, provided in the annotation guidelines
and coded in order in the algorithm, are described below:

1. Replace “PT” (uppercase) with “physical therapy” in the
original medical notes to avoid erroneous pickups of “pt”
as an abbreviation of “patient.”

2. Convert the original text in notes to lowercase letters.
3. Remove the following patterns in the lowercase notes to

avoid false positives: “nurse navigator,” “navigator nurse,”
“patient portal,” “patient name,” “relationship to patient”
followed by blank spaces with no answer, “e.g., visiting
nurse,” “patient & caregiver,” “patient or caregiver,”
“patient &/or caregiver,” “family medicine,” “family

practice,” “family doctor,” “family physician,” “alone with
family,” “verbalizes understanding,” and “verbalized
understanding.”

4. To avoid falsely labeling “family” as informal caregivers,
we removed each occurrence of “family history” and all
words that follow until a new line character.

5. Remove all occurrences of “aid” and “aids” in a lowercase
note when any of the following shows up: “sleeping aid,”
“sleeping aids,” “sleep aid,” “sleep aids,” “hearing aid,”
“hearing aids,” “hear aid,” and “hear aids.”

6. Substitute the following patterns with “patient” to avoid
falsely picking up “want” in the proximity of “patient” or
“pt”: “want the patient,” “wants the patient,” “wanting the
patient,” “want the pt,” “wants the pt,” “wanting the pt,”
“want pt,” “wants pt,” and “wanting pt.”

7. Substitute “pt or ot,” “pt and ot,” or “pt/ot” with “physical
therapy and ot” to avoid falsely picking up “pt” as “patient.”

8. Substitute “e-mail” with “email” before tokenization to
avoid “e-mail” being split into “e” and “mail.”

9. Substitute variants of “patient partner” (eg, “patient’s
partner,” “patients partner,” and “patient\ns partner” with
“\n” being a new line character) with itself.

10. Oftentimes, the evidence of a “visiting nurse” may present
itself as a variant (eg, “visit from a home care nurse”). To
avoid missing such cases, for each sentence containing
“nurse,” we searched for variants of “visiting” (eg, “visit”)
before the occurrence of “nurse” within the sentence or
searched for variants of “visiting” after the occurrence of
“nurse” within that sentence and the sentence that follows.

11. To avoid falsely labeling informal caregiver or home when
an institutional caregiver is present, in each lowercase
medical note, we removed all occurrences of “patient,”
“pt,” “care giver,” “caregiver,” and “guardian” in any
sentence that included an institutional n-gram.

12. If any institutional term in the dictionary showed up in the
note, there is evidence of institutional caregiver. To rule
out false positives as potential, past, or unapproved
institutional caregivers or when the service is for
rehabilitation purpose only (eg, “patient discharged from
Glacier Hills,” “returned home from Glacier Hills,” and
“on the waiting list for Glacier Hills”), we looked for
variants of “return from” (eg, “returning from” and
“returned from”), “discharged from” (eg, “discharges from”
and “discharging from”), “waiting list” (eg, “wait list” and
“waitlist”), “cancel,” “decline,” “approve,” require,”
“suggest,” “request,” and “rehabilitation” (eg, “rehab”) in
the sentence containing an institutional term. If any of the
variants shows up in the sentence, all occurrences of the
institutional term would be disregarded in the note.

13. To see whether there is evidence of home self-care
(home=1) when an institutional caregiver is absent, we
looked for patient verbs within a prespecified (n=4) word
window of “patient,” “pt,” or “patient’s.” If there is at least
one patient verb within a certain neighborhood, there is
evidence that the patient is involved in the decision-making
of their own health to some extent. In addition, the
occurrence of “relationship to patient:” followed by
“patient,” “pt,” or “self” in the note also constitutes evidence
of home self-care.
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Potential Reasons for Misclassification
The main reasons for algorithm misclassifications using
annotated medical notes as our gold standard will be discussed
and summarized.

Generalizability Using Other Medical Notes
To test the generalizability of our algorithm in other notes, we
examined what percentage of the data dictionary features can
be found in other medical notes. None of these notes were
annotated. The findings provided some preliminary data for the
next step, which is using other medical notes to make the
algorithm more generalizable.

Ethics Approval
This research is approved by Michigan Medicine’s Institutional
Review Board (HUM00129193).

Results

We used R package version 3.6.3 (The R Foundation) to develop
and test our NLP algorithm. Figure 1 presents the schematic
flow diagram of our sampling. Out of the 304,186 available
telephone encounter notes for our patient cohort, we annotated
749 notes for training and 227 notes for testing.

Table 1 displays some of the characteristics of our patient cohort
(n=223). The average age was 78 (SD 10.94) years, with the
majority being female (n=128, 57%). About 79% (n=176) were
of White and 15% (n=33) of Black racial backgrounds. The
average length of stay in the hospital was 6.78 (SD 6.54) days.
Approximately 24% (n=54) of our patient population were
readmitted or died within 30 days after discharge from the
hospital.

Table 2 shows the results of our rule-based algorithm in our
training and test sets. Among our features of interest (residing
at home, residing at an institution, having a formal caregiver,
and having an informal caregiver), identifying an informal
caregiver was the most reliable feature. The result from our test
set indicates high levels of accuracy and reliability for
identifying an informal caregiver (F1=0.942, accuracy=0.947,
sensitivity=0.970, and specificity=0.928). Identifying whether
the patient lives at an institution was the least reliable measure,
with the algorithm being prone to false positives (F1=0.638,
accuracy=0.899, sensitivity=0.512, and specificity=0.978). The
overall accuracy level for all 4 features in training and test sets
were 0.858 and 0.655, respectively.

Table 3 summarizes the potential causes of misclassification,
along with some examples and plausible explanations. The most
common errors were related to (1) incomplete or misspelled
names of the facilities; (2) past, uncertain, or undecided
situations; (3) lack of specificity; (4) use of uncommon
abbreviations; and (5) irregular use of templates.

To examine the generalizability of our algorithm using other
medical notes, we measured the percentage of the features
defined in our data dictionary in 5 different types of medical
notes (patient care conference, pharmacy, psychiatric ED
clinician, social work, and student) for our patient cohort (Table
4). The results indicate the highest level of generalizability for
the informal caregiver. For example, 83% (n=1768) and 76%
(n=595) of “patient care conference” and “social work” notes
included information about informal caregivers. On the other
hand, about 69% (n=333) of “pharmacy” notes had extractable
information about a formal caregiver. This information can be
used in future work to examine other types of medical notes.
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Table 1. Descriptive characteristics of individuals included in training and test sets (N=223a).

ValuesCharacteristics

77.96 (10.94)Age at the time of hospital admission, mean (SD)

Sex, n (%)

128 (57.4)Female

95 (42.6)Male

Race or ethnicity, n (%)

176 (78.9)White

33 (14.8)Black

3 (1.4)Hispanic

11 (4.9)Others

6.78 (6.54)Length of stay in hospital, mean (SD)

Payor, n (%)

103 (46.2)Medicare+private

34 (15.3)Medicare+Medicaid

53 (23.8)Medicare only

6 (2.7)Private only

27 (12.1)Others or missing

54 (24.2)Readmitted or died within 30 days after hospital discharge, n (%)

aNumber of unique individuals in the sample. Each person has one or more “Telephone Encounter” medical notes.

Table 2. Model performance summary for training and test sets.

Test (N=227)Training (N=749)Model

CaregiverPlace of residenceCaregiverPlace of residence

InformalFormalInstitutionHomeInformalFormalInstitutionHome

0.9420.6400.6380.8730.9510.7460.6750.942F 1
a

0.9470.8410.8990.8370.9640.9230.9640.923Accuracyb

0.9700.5710.5120.8700.9710.6800.6090.947Sensitivityc

0.9280.9300.9780.7780.9600.9710.9870.875Specificityd

aF1-score: the predictive power of an algorithm as the harmonic mean of precision and recall. F1-score ranges between 0 and 1, and the closer it is to
1, the better. F1-score=2 * (precision*recall) / (precision + recall).
bNumber of observations, both positive and negative, correctly classified. Accuracy = (true positive + true negative) / (true positive + false positive +
true negative + false negative).
cAbility of the model to predict a true positive of each category.
dAbility of the model to predict a true negative of each category.
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Table 3. Potential causes of misclassification with explanation and examples.

ExplanationExampleCause of error

Incomplete or mis-
spelled names

•• Residential is short for “Residential Home Health.” If we
add only “Residential” to our data dictionary, the false pos-
itive would increase.

“Pt stated that the nurse from Residential had difficulty
drawing her blood.”

• “Medications are managed by staff at Gilbert House.”
• Gilbert House is not in the dictionary. Formal name is

Gilbert Residence.
• “Hartland of Ann Arbor”

• Hartland is not in the dictionary. Formal name is Heartland
Health Care Center.

Past, uncertain, or
undecided situations

•• “Home care” picked up by NLP as formal=1.Will also need “in Home Care” order.
• •“He shares that he has explored home health agencies

(found them to be not suitable to what he is seeking).”
Falsely picked up “home health” as formal=1.

• Falsely picked up institution=1 and formal=1.
• “I love that her long-term goal is already established,

and Glacier Hills is her final choice.”
• Falsely picked up visiting nurse as formal=1.

• “Will have a visit nurse in the near future (will be at
sister’s house).”

Lack of specificity •• It is not clear whether “Donna” is a formal or informal
caregiver. The algorithm picked up formal=1.

“Spoke with Donna who was caring for Mr. xxx.”
• “Ellen manages medications using monthly organizer.”

• Algorithm missed Ellen as a formal caregiver (formal=0).• “Calling from rehab facility and has some questions
regarding wound care.” • In some cases, patient stays in the rehab facilities (institu-

tion=1 and formal=1), and in some cases, patient stays at
home and goes to the rehab facility (institution=0 and for-
mal=0). Due to this ambiguity, we did not include rehab
facility in the dictionary.

Uncommon abbrevi-
ations

•• dtr and dau are short for daughter. They were not listed in
the dictionary.

“pt’s dtr”
• “her dau is working during the day.”

Table 4. Results of the natural language processing caregiver algorithm in other medical notes (the results show what percentage of the data dictionary
features can be found in other medical notes).

Informal caregiver,
n (%)

Formal caregiver, n
(%)

Resides in an institution, n
(%)

Resides at home, n
(%)

Overall, n (%)aCount, nNote type

1612 (80.6)704 (35.2)426 (21.3)1326 (66.3)1744 (87.2)2000Telephone encounter

1768 (83.0)688 (32.3)481 (22.6)1442 (67.7)1825 (85.7)2130Patient care confer-
ence

140 (29.0)333 (68.9)320 (66.2)128 (26.4)411 (85.0)483Pharmacy

345 (70.7)55 (11.3)41 (8.4)394 (80.7)351 (71.9)488Psychiatric EDb

clinician

593 (75.7)212 (27.1)147 (18.8)612 (78.2)621 (79.3)783Social work

852 (70.9)240 (20.0)160 (13.3)873 (72.7)921 (76.7)1201Student

aThe overall percentage represents the proportion that at least one of the features in our data dictionary was used in the listed medical notes, while the
feature-specific percentage indicates the proportion of notes containing information regarding the specific outcome. This was done to test the generalizability
of the algorithm in other medical notes for future work.
bED: emergency department.

Discussion

Principal Findings
This project was the first to assess whether medical notes can
be used to identify caregiver availability and place of residence.
We used a rule-based NLP algorithm on a subset of telephone
encounter notes recorded between 2016 and 2019 for patients
diagnosed with dementia to determine caregiver availability
(formal and informal) and place of residence (home or
institution). Our algorithm reliably identified the availability of
an informal caregiver (F1-score=0.94), moderately identified

home as a place of residence (F1-score=0.87), and poorly
identified if the patient lives in an institution (F1-score=0.64)
or has a formal caregiver (F1-score=0.64).

Comparison With Prior Work
Hospitals and health systems have made, and continue to make,
substantial investments in their EMR systems. Although a
systematic collection of salient medical and social data remains
a work in progress, successful efforts using NLP algorithm have
enabled efficient mining of rich free-text medical notes for
various risk assessment or decision-making tools aimed at
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reducing the occurrences of adverse health events and wasteful
spending [22-24]. Our study aligns with this work to identify
caregiver availability for patients whose well-being depends on
caregivers.

For many older patients, especially people with cognitive decline
or disability, information on caregiver availability has numerous
applications. For instance, a recent work by Choi et al [9] reveals
that among people with dementia or disability, those with a
greater number of informal caregivers (ie, family members or
close friends) are less likely to be institutionalized. Availability
of caregiver information in medical settings may inform a better
care transition (ie, discharge planning from the hospital), care
use (ie, institution vs home), and care costs [25-29]. Through
care coordination with caregivers, patients may experience better
adherence to follow-up appointments and more effectively
follow a prescribed diet and medication regimen. Moreover,
patients who need a caregiver but have little or no family support
can be identified by social workers or care coordinators to
proactively navigate the use of formal care (ie, nursing home
or paid home care) [29-32].

For this study, we used telephone encounter notes, initiated
based on phone conversations with patients or their caregivers.
Most of these notes are written by nurses based on their
conversations with patients or family members of the patient at
different time points. Perhaps because telephone encounter notes
were based on direct conversations with patients or family
members (or other informal caregivers), the algorithm was
highly accurate in identifying informal caregivers. Furthermore,
since usually informal caregivers are close family members, we
had a better data dictionary to identify them in text. On the
contrary, considering the vast number of places that offer a
range of services from adult day care centers to independent
living, perhaps we overfitted the model in training set. Hence,
there was a drop in accuracy for the other 3 variables in the test
set. More work is needed to detect short- and long-term
residential places or paid caregiver organizations or agencies.

Furthermore, in many cases, it was hard to manually—through
human interpretation—decipher the notes. Medical notes either
have no standard template or the existing templates were not
standardized or used irregularly. Various health care
professionals (residents, physicians, nurses, social workers, etc)
with limited resources and under time pressure write these notes.
Hence, nonstandardized abbreviations (ie, “dau” for “daughter”),
spelling errors, and incorrect and uncommon names are used
regularly. Many of these issues cannot be addressed using
off-the-shelf packages or programs. By contrast, although not
generalizable, the rule-based NLP algorithm served as a proof
of concept for addressing many institution-specific
terminologies. we plan to address many of the following
limitations in our future work.

Limitations, Strengths, and Future Work
Our study had a few noteworthy limitations. First, medical notes
are based on unstructured text. We found large variations in the
amount and type of information provided [31,32]. We used
telephone encounter notes because, based on our examination
of more than 60 different medical notes created within our
institution, they provided the most relevant information
regarding caregivers. We had, however, reasonable results
detecting at least some elements of our data dictionary in other
notes. In the future, we plan to make our algorithm generalizable
by training and validating it using other medical notes and data
from other health care centers. Second, manual annotation of
the notes is resource intensive. Thus, our sample size was
relatively small, which we plan to expand in the future. We will
also explore the use of more sophisticated and unsupervised
machine learning algorithms. Third, to make the algorithm more
straightforward, we did not distinguish between a lack of
objective and negative evidence. Thus, if there was no evidence
about a caregiver or place of residence, we marked that outcome
as zero. In our future work, we plan to make the algorithm more
granular by identifying how many of the notes had (1) a positive
indicator, (2) a negative indicator, and (3) no indicator. Further,
to identify whether the patient lived in an institution, we used
a list of skilled nursing facilities provided by the Centers for
Medicare and Medicaid Services. There are, however, many
unlisted independent living centers, adult day care centers, and
other facilities designed to provide various services (residential
and otherwise). It is challenging to include a comprehensive
list of these facilities and their services. Having a reliable
national directory of these facilities would help improve the
model’s accuracy in determining whether a patient lives in a
facility or is the recipient of paid or formal services. Finally, in
this exploratory work, we only examined the binary availability
of caregivers. Our future work will be focused on more critical
information such as the caregiver’s proximity to the patient, the
days and times of availability, the caregiver’s relation with the
patient, and their capacity to help.

Conclusion
In this study, we used a rule-based approach to train, test, and
develop an NLP algorithm using telephone encounter notes
from our institution to identify whether a patient has a formal
and informal caregiver and whether the patient resides at home
or in an institution at each point in time. Our validated test
results show high levels of accuracy and reliability, particularly
in identifying whether a patient has an informal caregiver. This
information is critical for vulnerable patient populations such
as those with dementia. Our algorithm can be used as a
stand-alone module or in conjunction with other tools to identify
caregiver availability among high-risk patient populations.
Future work will focus on making the algorithm more granular
and generalizable so it can be used at other institutions.
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Abstract

Background: Racial/ethnic minority and immigrant caregivers of persons with dementia experience high rates of psychosocial
stress and adverse health outcomes. Few culturally tailored mobile health (mHealth) programs were designed for these vulnerable
populations.

Objective: This study reports the development of a culturally tailored mHealth program called Wellness Enhancement for
Caregivers (WECARE) to improve caregiving skills, reduce distress, and improve the psychosocial well-being of Chinese
American family caregivers of persons with dementia.

Methods: Community-based user-centered design principles were applied in the program development. First, the structure and
curriculum of the WECARE program were crafted based on existing evidence-based interventions for caregivers with input from
4 experts. Second, through working closely with 8 stakeholders, we culturally adapted evidence-based programs into multimedia
program components. Lastly, 5 target users tested the initial WECARE program; their experience and feedback were used to
further refine the program.

Results: The resulting WECARE is a 7-week mHealth program delivered via WeChat, a social media app highly popular in
Chinese Americans. By subscribing to the official WECARE account, users can receive 6 interactive multimedia articles pushed
to their WeChat accounts each week for 7 weeks. The 7 major themes include (1) facts of dementia and caregiving; (2) the
enhancement of caregiving skills; (3) effective communication with health care providers, care partners, and family members;
(4) problem-solving skills for caregiving stress management; (5) stress reduction and depression prevention; (6) the practice of
self-care and health behaviors; and (7) social support and available resources. Users also have the option of joining group chats
for peer support. The WECARE program also includes a back-end database that manages intervention delivery and tracks user
engagement.

Conclusions: The WECARE program represents one of the first culturally tailored social media–based interventions for Chinese
American caregivers of persons with dementia. It demonstrates the use of community-based user-centered design principles in
developing an mHealth intervention program in underserved communities. We call for more cultural adaptation and development
of mHealth interventions for immigrant and racial/ethnic minority caregivers of persons with dementia.

(JMIR Aging 2022;5(3):e40171)   doi:10.2196/40171
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Introduction

Currently, more than 6 million Americans aged ≥65 years are
living with Alzheimer disease or related dementias (ADRD)
[1]. More than 11 million family caregivers of persons with
dementia provide an estimated 15.3 billion hours of unpaid care
valued at US $255.7 billion a year [1]. Family caregivers of
people with dementia have high rates of emotional distress and
negative health outcomes [2]. For example, 59% of caregivers
of persons with dementia reported high rates of emotional stress
[3], 40% reported depression, and 44% reported anxiety [4-6].
Family caregivers of persons with dementia also reported higher
levels of physical stress [3,7], lower quality of sleep [8-10], and
lower quality of life [11-13]. Some caregivers developed chronic
conditions including impaired immune functions, hypertension,
and coronary health diseases [14]. As the US population is aging
and the number of persons with dementia is expected to reach
13 million by 2050, the burden on family caregivers and their
psychosocial well-being requires more public health attention
[1].

Asian Americans represent the fastest-growing racial group in
the United States; they accounted for 7% of the total US
population in 2020 and are projected to reach 12% in 2050.
Chinese Americans represent nearly a quarter (23%) of the
Asian American population [15]. The literature on Chinese
American caregivers of persons with dementia is limited and
mostly descriptive. Available literature indicates that cultural
values of family harmony and the practice of filial piety
permeate all aspects of the Chinese American caregiving
process, including their appraisal of stress and coping strategies
[16]. Caring for older family members is not only a sign of love
and pride but also a moral obligation [17,18]. Compared to their
White counterparts, Chinese Americans are more likely to live
in multigenerational households [19]. Chinese caregivers are
often providers of young children and older adults while also
being engaged in the formal labor force themselves [19,20].
Although caregiving can strengthen attachment and emotional
bonds, it also leads to tensions and feelings of being neglected
[18]. These frustrations are amplified in immigrant families
where cultural differences often clash with generational gaps
[20].

Most of dementia care is received at home where family
caregivers play a central role but often lack the knowledge and
skills to perform caregiving duties to meet the needs of persons
with dementia. Chinese caregivers tend to keep problems within
the family and do not seek external help because of the stigma
associated with dementia or cognitive impairment [17]. The
isolation and challenge are exacerbated by their minority and
immigrant status, and those without English proficiency are
further marginalized [21]. Most Chinese caregivers have limited
knowledge and use of formal care and support services; they
are also disconnected from “mainstream” dementia support
groups due to language and cultural barriers [22]. Therefore,
they endure higher levels of stress, mental disorders, and chronic
conditions [23,24].

To date, few interventions have been conducted to serve the
needs of Chinese American caregivers of persons with dementia.
Specifically, in a recent systematic review, only 2 interventions
targeting Chinese American caregivers were identified [25].
One was a home-based in-person behavioral management
program [26], and the other was a DVD-based psychoeducation
skills training program [27]. Both interventions, developed by
Gallagher-Thompson and colleagues in early 2000s, cannot
meet needs of a large population of Chinese persons with
dementia, as face-to-face intervention is resource-intensive, and
DVDs are not commonly present in most American households
anymore. The need for accessible and scalable mobile health
(mHealth) interventions has become more salient during the
COVID-19 pandemic, when in-home visits or in-person services
are prohibitive, and many people adopted telehealth or mHealth
programs. However, the existing mHealth interventions for
caregivers of persons with dementia were mainly designed for
people of higher socioeconomic status with limited programs
for racial/ethnic minority or immigrant populations. Adapting
evidence-based interventions for digital delivery in underserved
communities remains a critical literature gap. As racial/ethnic
minority and low-income populations are more likely to be
smartphone-dependent for internet access (without a computer
or other mobile devices) and rely on social media as a primary
source of health information [28], an mHealth intervention
delivered via a social media app used by the target population
is a logic solution. Nevertheless, evidence or research in this
regard is rather limited. For example, in a recent systematic
review of mHealth interventions for dementia caregivers, none
was delivered via a social media app [29].

Out of nearly 4 million Chinese Americans, more than 70% are
foreign-born [30]. Over 3 million Americans speak Chinese,
the third most spoken language, only after English and Spanish.
As the Asian American population continues to grow, a
culturally tailored and linguistically appropriate mHealth
intervention has a tremendous potential to reach a large number
of Chinese American caregivers of persons with dementia.

More than 95% of Chinese Americans own a smartphone [31].
Similar to other immigrants whose first language is not English,
many Chinese Americans use a social media app of their native
language. For example, WeChat, a highly popular social media
app, has a 97% penetration rate in smartphone users in China
and a 90% penetration rate in Chinese-speaking Chinese
Americans [32]. As a social media app, WeChat has the
functions of “moments” (sharing photos and stories with friends
and receiving “likes” and feedback), texting, voice call, video
call, private chat, group chat, location sharing, file transfer, and
making/receiving payment. These built-in functions allow
intervention developers to focus on the content, thus saving
time and cost. It also enables easy adoption and long-term use,
especially in low-income communities [33]. Thus, WeChat
would be an efficient delivery channel for an mHealth
intervention for Chinese Americans caregivers.
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To address the literature gap and public health needs, our team
developed a WeChat-based intervention called “Wellness
Enhancement for Caregivers” (WECARE) for Chinese American
family caregivers of persons with dementia. This paper reports
the process of developing the WECARE program and the design
features of this social media–based intervention.

Methods

Overview of Study Design
The study was conducted from September 2021 to April 2022
with the goal of developing a culturally tailored WeChat-based
intervention to improve the psychosocial well-being of Chinese
American family caregivers of persons with dementia. The
development of the WECARE program consisted of 3 steps.
First, with experts’ input, we designed the structure and
curriculum of the WECARE program based on existing
evidence-based behavioral interventions for persons with
dementia. Second, using a community-engaged user-centered
design, we developed the multimedia components of the
WECARE program that used the built-in functions of the
WeChat app; we also developed a back-end database to manage
intervention delivery and track user engagement. Finally, the
complete WECARE program was refined after a beta test in
target users.

Ethics Approval
The study protocol was approved by the Institutional Review
Board of the George Mason University (IRB1849712). Informed
consent was obtained from all participants prior to data
collection. Given that this study was focused on protocol
development, we did not collect participants’ personal
information including their demographic data.

Step 1: Structural Design Based on Experts’ Input and
Evidence-Based Programs
We first conducted interviews with 4 experts in the fields of
ADRD, caregiving, cultural adaption, and mHealth intervention
development, with 1 expert from each field. We sought input
from the experts on (1) how to apply existing theories and
evidence to enhance caregiving skills and reduce psychosocial
stress among underserved family caregivers, (2) how to adapt
evidence-based caregiving interventions for Chinese American
caregivers, and (3) how to identify and prepare for potential
barriers and facilitators during the intervention delivery.

The experts also suggested that the curriculum design be based
on evidence-based interventions proven to be effective in
minority and underserved caregivers of persons with dementia.
Specifically, we used the Resources for Enhancing Alzheimer’s
Caregiver Health II for its major domains of the intervention
[34], Building Better Care for its short courses and training
materials [35], and the DVD program of Gallagher-Thompson
and colleagues [27] for culturally relevant problems and
solutions for Chinese American caregivers of persons with
dementia [27].

Step 2: Iterative Design With Key Stakeholders
Following the principles of community-engaged user-centered
design [36] while developing the program components, we
worked closely with 8 stakeholders, including Chinese American
family caregivers of persons with dementia (n=3), health care
providers (n=3), and community leaders (n=2). Weekly meetings
were organized to seek immediate input from stakeholders in
terms of cultural appropriateness, ease of use, user engagement,
and error reduction. The program components underwent the
iterative process of being developed, reviewed, revised, tested,
and refined. We also hired a software engineer to develop a
back-end database to manage the WECARE delivery and user
profiles. The database reflects the required functions identified
in Step 1, including prescheduled automatic intervention
delivery, user profile management, and user engagement
tracking.

Step 3: Testing and Refinement
When the complete WECARE program was ready, we tested
it among 5 target users. Of these 5 Chinese American family
caregiver participants—1 man and 4 women—all had limited
English proficiency and were recruited by our community
partner. Participants were invited to a conference room and
received the WECARE program on their WeChat accounts to
test its navigation and the functions of the back-end database.
During the test, participants were encouraged to “think out loud”
and share their feedback while going through the program
components. Participants were asked to check if all program
components were delivered at prescheduled times and if all
program components could be opened without problem.
Meanwhile, research staff monitored all user activities on
WECARE’s back-end database. All interviews were conducted
in Chinese or Mandarin and audio recorded, and detailed notes
were taken while observing users’ navigation behaviors. The
research team discussed users’ feedback, addressed the glitches
reported in the test, and further refined the program.

Results

Program Curriculum and Components
WECARE is a 7-week program with each week focused on a
theme and the final week for summary and additional resources.
These themes include (1) facts of ADRD and caregiving; (2)
enhancement of caregiving skills; (3) effective communication
with providers, care partners, and family members; (4)
problem-solving skills for caregiving stress management; (5)
stress reduction and depression prevention; (6) practice of
self-care and health behaviors; and (7) social support and
available resources. The 7 major themes were derived from the
evidence-based programs (see Step 2). The curriculum schedule
is detailed in Multimedia Appendix 1. The sample screenshots
of WECARE are illustrated in Figure 1. By subscribing to the
official WECARE account on their own WeChat accounts,
participants could receive interactive multimedia programs on
their smartphone or tablet once a day, 6 times a week, for 7
weeks. Participants who did not open the program components
within a week would be reminded to do.
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Figure 1. Wellness Enhancement for Caregivers (WECARE) screenshots: (A) a multimedia article with audio recording on how to deal with the angry
behaviors of persons with dementia; (B) a short video clip as a case study to explain angry behaviors of persons with dementia; and (C) push notifications
and progress summary.

Cultural Adaptation
The content of the WECARE program was adapted for Chinese
American culture based on input from our stakeholders, and the
following changes were made. First, we ensured that the
language translation reflected Chinese values and tradition. For
example, following the tradition of respecting seniority, Chinese
participants did not like the literal translation of “care recipient”
or “care partner”; instead, they preferred to use “the elder” (“Lao
Ren” in Chinese) to refer to the care partner, which we adopted
in the WECARE program. Second, program components specific
for our target users were added. For example, given that many
Chinese caregivers have limited English proficiency, we added
a section on how to communicate with health care providers
with a practical checklist as well as a list of terminologies
commonly used in medical encounters and dementia care.
Additionally, as many Chinese caregivers have limited
knowledge and use of formal care and support services [22],
we added a section on local resources specific to the
participant’s location, including health insurance, dementia care
support, transportation assistance for medical care, and
translation services. Third, we modified components to meet
users’ demand and characteristics. For example, many
stakeholders demanded “useful skill-building” content; we
included videos demonstrating caregiving skills such as how to
transfer, bath, feed, and clean the care partner. We also included
many real-life cases to illustrate how to deal with difficult
situations such as when a care partner has problematic behaviors
in the public. Fourth, we adapted components to reflect cultural
practice. For example, many Chinese caregivers live in
multigenerational households and value “filial piety”; thus, we
modified the component on how to communicate between family
members, including communication on how to share
responsibilities and how to discuss sensitive topics such as death.
Additionally, as stress and depression are not commonly

discussed in Chinese culture, we included a section to explain
the importance of stress reduction and depression prevention
from the perspective of family and love, citing real-life stories
and demonstrating practical stress-reduction techniques.

Multimedia Features
The WECARE program consists of multimedia components to
engage users and enhance understanding. Considering that many
caregivers are older adults and many have lower levels of health
literacy, each article is accompanied by an audio recording, so
participants with vision impairment can listen to audio
recordings for most of the WECARE content. We also included
many short videos (3-5 minutes) adapted from other caregiver
interventions with subtitles for illustration. Culturally relevant
characters, storylines, and background music are embedded in
all program components.

Social Networking and Social Support
As WECARE is delivered via the popular WeChat social media
app, the built-in functions of social networking in WeChat were
used to enhance social support among participants. For example,
participants were invited to attend staff-moderated group
meetings scheduled at week 3, week 5, and week 7 and welcome
to share their personal experiences during the course of
WECARE. Participants could also initiate their own “group
chat”; in a group chat, they could “friend” any fellow caregiver
participant for a private chat. Prior to the group meetings,
participants agreed to the protocol that all participants in the
group meetings address each other by first names only and that
no personal information discussed in the meetings be shared
with other people outside the group.

Back-end Database
Along with developing the front-end program components of
WECARE, we also created an interactive web-based application
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to serve as the back-end database to manage intervention
delivery and monitor user engagement. This interactive website
has 3 core functions: (1) storing information on every participant
enrolled, including characteristic and user preferences; (2)
pushing the program components based on user preferences and
response (eg, if a participant does not open the WECARE
program component within a week, a reminder message will
be sent); and (3) tracking program receipt and responses. User

engagement indicators tracked in the database include whether
a program component is opened, how many times the program
is opened or played, and how much time is spent on each
component. Figure 2 illustrates the scheduled delivery system
through which the components of the WECARE program can
be sent to users at prescheduled time. Figure 3 illustrates the
user management system that stores user information and tracks
user activities.

Figure 2. Back-end database: scheduled delivery system.
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Figure 3. Back-end database: user management system.

Discussion

Principal Findings
This study reports the process of developing WECARE, a
culturally tailored social media–based intervention to enhance
caregiving skills and reduce psychosocial distress in Chinese
American caregivers of persons with dementia, and its key
features. Community-based user-centered design principles
were applied in the intervention development. We first crafted
the structure of the WECARE curriculum based on existing
evidence-based interventions and input from experts. Second,
working closely with key stakeholders and through an iterative
design-discuss-revise process, we developed culturally tailored
multimedia program components at the frontend and an
interactive database for intervention delivery and user profile
management at the backend. Finally, we conducted a beta test
of the complete WECARE program in target users and further
refined it. The resulting WECARE is a 7-week mHealth
program. Through subscribing to the official WECARE account,
users could receive 6 multimedia articles pushed to their WeChat
account each week for 7 weeks. Users could also use the built-in
functions of WeChat for social networking. The back-end
database automatically pushes program components with a
preset schedule and tracks user activities on WECARE.

Strengths

The First mHealth Intervention for Chinese American
Caregivers of Persons With Dementia
The WECARE program represents one of the first culturally
tailored mHealth programs for Chinese American caregivers of
persons with dementia. The health disparities experienced by

minority and immigrant caregivers of persons with dementia
have been exacerbated during the COVID-19 pandemic. There
is an urgent need to adapt evidence-based interventions for
wider dissemination in underserved populations. The cultural
adaptation and digitalization of evidence-based interventions,
such as developing the WECARE program as described in this
paper, could be an effective approach to address the literature
gap and public health needs.

Capitalizing on a Popular Social Media App for
Intervention Delivery
When adapting and developing mHealth interventions, we need
to consider the mobile use behaviors of the target population.
The popular social media apps used by minority populations
can serve as an efficient channel for intervention delivery [37].
The WECARE program is delivered via WeChat, a social media
app with a high penetration rate in Chinese Americans. This
program is the first time a social media app popularly used by
minority populations is being used to deliver an intervention
for minority caregivers of persons with dementia. Delivering
mHealth interventions via such apps can save costs, increase
accessibility, and enhance sustainability [38].

Cultural Adaptation for Target Users
Cultural sensitivity is critical for developing interventions for
minority populations. A community-engaged user-centered
design is an effective approach for the cultural adaptation of
evidence-based programs. Using this approach, we made
substantial changes in the WECARE program components in
response to the input of our stakeholders and target users. The
resulting program reflects the values, needs, and practices of
Chinese American caregivers of persons with dementia.
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Multimedia Features
The WECARE program features multimedia components of
audio recording, short video clips, pictorial messages as well
as automatic and interactive delivery based on user preferences
and responses. The built-in functions in WeChat such as “private
chat,” “group chat,” and “video chats” facilitate social
networking and enhance social support. Literature suggests that
mHealth programs with multimedia features and social
networking functions are likely to engage target users, especially
those with lower levels of health literacy [39]. The design and
innovative features of WECARE will inform future designs of
mHealth interventions for caregivers.

Back-end Database
The back-end database has the functions of user profile
management, the automatic delivery of program components,
and user activity tracking. These functions are similar to another
WeChat-based intervention and enable potential scale-up and
long-term follow-up [40]. The user activity tracking function
also allows a future study to examine the relationship between
user engagement and intervention effect [41].

Limitations
First, the beta test of the WECARE program was based on a
small sample of 5 target users. The development was a rigorous
process following community-engaged user-centered design
principles [36] with input from experts and iterative discussion

with key stakeholder. Further, according to Nielsen [42], 5 users
are sufficient to elaborate usability. Second, the back-end
database was designed specifically for WECARE delivery and
requires a software engineer. We are seeking open-sourced
solutions to lower costs and increase the potential of WECARE’s
adoption and scale-up. Third, the biggest limitation of the study
is that we do not have data on the feasibility and effectiveness
of WECARE as a complete program as well as user feedback
on its innovative features and functions. A pilot study is
ongoing, and the results will be available once the trial is
complete.

Future Directions
In conclusion, this paper reports the development process and
key features of the WECARE program—a culturally tailored,
linguistically appropriate, and interactive social media–based
interventions to improve caregiving skills and reduce
psychosocial distress among Chinese American caregivers of
persons with dementia. As the US population becomes older
and more diverse, an urgent need exists for more culturally
sensitive mHealth interventions for minority and immigrant
caregivers of persons with dementia. We advocate for more
research and practice of the cultural adaptation of
evidence-based program for digital delivery, capitalizing on the
widespread use of smartphones and highly popular social media
apps, to meet the needs of racial/ethnic minority and immigrant
patients with dementia and their caregivers.
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Abstract

Background: Falls and the risk of falling in older people pose a high risk for losing independence. As the risk of falling progresses
over time, it is often not adequately diagnosed due to the long intervals between contacts with health care professionals. This
leads to the risk of falling being not properly detected until the first fall. App-based software able to screen fall risks of older
adults and to monitor the progress and presence of fall risk factors could detect a developing fall risk at an early stage prior to
the first fall. As smartphones become more common in the elderly population, this approach is easily available and feasible.

Objective: The aim of the study is to evaluate the app Lindera Mobility Analysis (LIN). The reference standards determined
the risk of falling and validated functional assessments of mobility.

Methods: The LIN app was utilized in home- and community-dwelling older adults aged 65 years or more. The Berg Balance
Scale (BBS), the Tinetti Test (TIN), and the Timed Up & Go Test (TUG) were used as reference standards. In addition to
descriptive statistics, data correlation and the comparison of the mean difference of analog measures (reference standards) and
digital measures were tested. Spearman rank correlation analysis was performed and Bland-Altman (B-A) plots drawn.

Results: Data of 42 participants could be obtained (n=25, 59.5%, women). There was a significant correlation between the LIN
app and the BBS (r=–0.587, P<.001), TUG (r=0.474, P=.002), and TIN (r=–0.464, P=.002). B-A plots showed only few data
points outside the predefined limits of agreement (LOA) when combining functional tests and results of LIN.

Conclusions: The digital app LIN has the potential to detect the risk of falling in older people. Further steps in establishing the
validity of the LIN app should include its clinical applicability.

Trial Registration: German Clinical Trials Register DRKS00025352; https://tinyurl.com/65awrd6a

(JMIR Aging 2022;5(3):e36872)   doi:10.2196/36872
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Introduction

As part of the aging process, older adults are affected by an
increasing risk of falling as well as accidental falls [1]. In
Europe, this development leads to fall incidence rates for older

adults aged 70 years or more between 7500 and nearly 20,000
falls per 100,000 inhabitants and a death rate of up to 153.2 per
100,000 inhabitants [2]. In a study by Choi et al [3], observed
fall-related injury locations in older adults (≥60 years, n=1840)
included lower and upper extremities (32.06% and 23.12%,
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respectively) but also 15.26% of falls resulting in head injuries,
while 30.9% suffered 1 or more fractures. Additionally, falls
and the risk of falling have a variety of effects on older adults’
attitudes and behavior. Falls and even the risk of falling can
pose a high risk of losing independence [4]. The risk of falls in
older people changes over time as health status [5] or medication
[6], either prescribed by a doctor or self-medication, changes.
Often, the risk of falls increases with age-related decline in body
musculature [7] and overall decrease in functional performance
[8]. The risk of falling develops over time, and it is often
underdiagnosed [9]. Therefore, the risk of falling is often not
properly detected until the first fall. One possible solution to
this dilemma is a more frequent self-assessment that should
start before the first fall. Technology-based assessments of fall
risk can assist an older adult in assessing their own fall risk. In
this area, analyzing gait patterns is a widely used strategy to
track the progress of functional abilities and to assess the risk
of falling. However, gait analysis systems, such as GAITRite
or SensFloor, cannot be applied at home with minimal effort.
In contrast, as mobile phones become more widespread in the
elderly population [10], an app-based fall risk assessment would
be easily available and feasible. Mobile applicable apps, such
as FallSA (a fall risk–screening app) [11] and Lindera Mobility
Analysis (LIN; Lindera GmbH, Berlin, Germany) [12], 2
commercially available apps, are location independent and
applicable at home.

As scientific evidence on the validity of such apps is limited,
the aim of this explorative study was to evaluate the app LIN
in comparison to established and validated functional
assessments of mobility as a reference standard.

Methods

Study Design and Ethical Considerations
In 2021, this explorative validation study was conducted in
Germany by the Geriatrics Research Group of Charité –
Universitätsmedizin Berlin. The study was approved by the
Ethics Committee of Charité – Universitätsmedizin Berlin
(#EA1/363/20; date of approval: April 4, 2021). A sample size
calculation was not performed as the study was exploratory in
nature.

Recruitment
Participants were recruited from 3 sources: (1) the Geriatrics
Research Group database, comprising older people who gave
their consent to be contacted for participation in research
projects; (2) older people who were staying in a geriatric hospital
or day-care facility; and (3) a group of nursing home residents.
Contact was made by mail, telephone, or a personal interview
on-site. Inclusion criteria were age 65 years or older, being able
to walk, and getting up from a chair and sitting down again.
Participants were allowed to use walking aids, such as a wheeled
walker or crutches. Exclusion criteria were defined as any fall
events in the week before recruitment, more than 3 fall events
during the past 6 months, and incapability of giving consent.

Data Collection
Data collection was conducted in the laboratory of the Geriatrics
Research Group as well as in a nursing home and 2 day-care

facilities. In addition to sociodemographic data, such as age and
gender, the care level, degree of disability, data of mobility, and
fall risk of the participants were recorded. The official care level
within the German health care system ranges from level 0 (no
need for care) to level 5 (maximum need for care)—§61b (1)
German Social Code (SGB) XII, where SGB refers to the
German Social Code. The official level of disability is
characterized by level 20 (low disability) to level 100 (maximum
disability)—§2 SGB IX. In addition, 4 mobility tests were
performed, 3 reference assessments and LIN. In all
measurements, LIN was used first. For this, participants filled
out the app’s questionnaire independently or, if preferred,
together with the researcher. A video of the patient’s gait was
recorded using LIN on a smartphone. In a second step, 3
reference assessments were used to test the participants’ fall
risk and mobility restrictions. Between assessments, the
participants could rest by answering the questionnaire on
sociodemographic data. All data were collected within 1 session.

Lindera Mobility Analysis
LIN version 10.3.0 was used to determine the fall risk by
computing a fall risk score. Input parameters to compute the
fall risk score included (1) video analysis of each participant’s
gait through an artificial intelligence–based algorithm [13] and
(2)a standardized questionnaire on further fall risk factors.

The assessment was conducted with a mobile app using a
smartphone with an integrated camera. The fall risk score is the
weighted sum of 14 fall risk factors, as defined by the German
National Expert Standard Fall Prevention [14], a guideline
developed and published by German Network for Quality
Development in Nursing (DNQP) [15]. The standardized
questionnaire addresses both person-related risk factors, such
as polypharmacy, diseases, or alcohol consumption (“How often
do you consume alcoholic beverages during the week: not at
all, 1x-2x/week, 3x-5x/week, or 6x-7x/week?”) and incontinence
(“How often do you feel a sudden and urgent need to visit the
toilet: never, rarely, sometimes, often, or always?”, as can be
seen in Figure 1), and environmental risk factors, such as floor
coverings or door sills, as stated in the German National Expert
Standard Fall Prevention.

The results of the gait analysis and the questionnaire were
computed into a score of 0-100 points, with a higher scoring
indicating a higher fall risk.

The technical validity of LIN has been described elsewhere in
several publications [12]. Thus, here, we provide a short
summary.

The scientific approach underlying the app is based on a modular
algorithm consisting of a video tester, a skeleton estimator
(skeleton estimator 2D, skeleton estimator 3D, skeleton
optimization 3D), and an analysis of mobility parameters. The
skeleton estimator plays a central role. Both the validity of the
mobility parameters and the validity of the analysis substantially
depend on the spatial and temporal precision of the skeleton
estimator [12].
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Figure 1. Questionnaire: example of a person-related risk factor.

Reference Standards
Clinical guidelines recommend the evaluation of gait or balance
disturbances to detect fall risk, but there is no gold standard for
assessing the risk of falling in older adults measuring functional
abilities [16]. However, there are several functional assessments
available that have demonstrated good validity for identifying
older people with a risk of falling. Three of the most widely
used mobility assessments performed in therapeutic and nursing
contexts are the Berg Balance Scale (BBS) [17], the Tinetti Test
(TIN) [18], and the Timed Up & Go Test (TUG) [19]. In this
study, these assessments were used as reference standards to
evaluate functional mobility and balance.

TUG is a short-duration simple test on mobility [19], with a
wide variety in clinical use. At the beginning of TUG, the
participant sits on a chair, with arms placed on the armrests. On
a command, the participant stands up, walks 3 m to a mark on
the floor, turns around, and walks back to sit on the chair. TUG
measures the time needed to complete the task in seconds. TUG
is recommended as a routine screening test for falls in guidelines
published by the American Geriatric Society and the British
Geriatric Society [20] and has moderate-to-good sensitivity for
predicting falls in older adults [16].

The BBS and TIN are scored based on a person’s ability to
perform specific tasks. The BBS was developed in 1989 to
determine balance stability among older adults [17]. Today, it
is commonly used to measure balance in people with various
disabilities and health conditions. The BBS consists of 14 items
assessing static and dynamic components of mobility and
balance ability on multiple levels, including standing,
transitional movement, and a narrowed base of support. Each
item is scored on a 5-point Likert scale from 0 to 4, with 0
indicating the lowest level of function and 4 the highest. The
maximum score is 56, with higher scores indicating higher levels
of functional mobility and lower risk of falling [21].

A score below 45 points indicates a higher risk of falls [22].
Based on a systematic review [23], the BBS has high interrater
reliability with a pooled estimate of 0.97 (95% CI 0.96-0.98)
and high intrarater reliability with a pooled estimate of 0.98

(95% CI 0.97-to 0.99). The BBS can differentiate between
fallers and nonfallers in community-dwelling older people [23].

TIN, also called Performance-Oriented Mobility Assessment
(POMA), is a clinical balance assessment tool originally
developed for use with institutionalized patients. It measures
both balance and gait performance. Several versions of TIN are
available, with varying numbers of items and score ranges [24].
In the version used in our study, mobility is assessed with 8
items each for balance and gait performance. The items are
scored on a 2-4-point Likert scale, with a maximum score of
28 points. A score below 19 points indicates a high risk of falls
[18]. TIN showed good-to-excellent interrater and intrarater
reliability (intraclass correlation coefficient [ICC]>0.80) in a
cohort of 30 participants with Parkinson disease [25].

Statistical Analysis
Baseline and sociodemographic data were collected, and
Spearman rank correlation analysis was conducted.

Additionally limits of agreement (LOA) between LIN and TIN,
the BBS, and TUG were evaluated using Bland-Altman (B-A)
plots [26]. For plots with TIN and the BBS, we reversed the
scale of LIN to adjust the direction of the scale to those of the
reference scales. Next, we transformed results from TIN and
the BBS into a ratio scale (0-100). As TUG and LIN both had
the same direction of results (a higher score indicating a higher
fall risk) and a transformation of TUG was not feasible, we
performed all further steps with the original results obtained.
Differences between each of the assessments and the results of
LIN, as well as the mean of both respective measurements, and
normal distributions of the differences of both observations
were calculated. For this, we used the Shapiro-Wilk tests due
to the relatively low number of participants, as well as visual
inspection.

As the Shapiro-Wilk tests revealed mostly nonnormal
distributions for the calculated differences between the
measurements, we used the median and defined the upper and
lower 95% of the sorted results as the threshold instead of the
±1.96 SD used for B-A plots with normal-distributed data. This
approach was recommended by Bland and Altman [26] in their
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original publication on drawing B-A plots for
nonnormal-distributed data sets.

Baseline and sociodemographic data as well as all correlation
analyses were calculated using SPSS Statistics version 28 (IBM
Corporation, Armonk, NY, USA). All B-A plots were drawn
using Microsoft Excel 2016.

Results

Participant Characteristics
Data of 42 participants, with a mean age of 77.6 (SD 7.3) years
were analyzed. As can be seen in Table 1, there was a higher
percentage of female participants (n=25, 59.5%). In addition,
25 (59.5%) of the participants did not have a care level, and 26
(65%) of 40 participants did not have a level of disability based
on the grading within the German health care system.

One participant was not able to perform TUG due to difficulty
in rising from the chair. Additionally, in 3 cases, data from LIN
could not be interpreted and had to be discarded. Therefore, all
correlation analyses were performed and B-A plots drawn with
39 and 38 data sets, respectively.

As can be seen in Table 2, low scores for TUG indicated a high
degree of functional mobility, while for the BBS and TIN, high
scores indicated a high degree of mobility, and low scores for
LIN indicated a low level of fall risk.

In Table 3, the correlations of the analogous fall risk and
mobility assessments and LIN are presented.

Low scores for TUG indicated a high degree of functional
mobility, while for the BBS and TIN, high scores indicated a
high degree of mobility, and low scores for LIN indicated a low
level of fall risk.

The results of LIN demonstrated a high correlation with the
BBS (rs=–0.611) and a moderate-to-high correlation with TUG
(rs=0.583) and TIN (rs=–0.563).

As can be seen in Figures 2-4, the results of the nonparametric
B-A plots revealed a median of differences of –8.71 (TIN), 5.64
(BBS), and 3.3 (TUG). Most data pairs were within the
predefined LOA. Only 2 data pairs (5.1%) outside the LOA
could be found for the BBS, while for TIN, 3 outliers could be
observed (7.7%) and only 1 for TUG (2.6%). However, a
proportional bias could be observed in all 3 plots based on a
significant linear regression coefficient (0.014 for TIN and
<0.001 for the BBS and TUG). Visual inspection of the 3 plots
revealed a tendency for higher differences between
measurements for all comparisons. Additionally, as can be seen
in Figure 4, the B-A plot comparing LIN and TUG showed a
visible trend of a negative difference between the 2
measurements for lower means, while demonstrating positive
differences for higher means.

Table 1. Baseline data.

ParticipantsCharacteristics

77.6 (7.3)Age (years; N=42), mean (SD)

25 (59.5)Female gender (N=42), n (%)

Level of disability (N=40)a, n (%)

26 (65)No level

1 (2.5)<30

8 (20.0)31-60

5 (12.5)61-80

0>80

Care level (N=42), n (%)

25 (59.5)0

2 (4.7)1

7 (16.7)2

7 (16.7)3

1 (2.4)4

05

aThe official level of disability is characterized by level 20 (low disability) up to level 100 (maximum disability)—§2 German Social Code (SGB) IX.
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Table 2. Mobility data.

MaximumMinimumMean (SD)Assessment

366.913.7 (5.8)TUGa (N=40)

28823.9 (5.3)TINb (N=42)

56744.7 (13.0)BBSc (N=42)

68519.8 (12.4)LINd (N=39)

aTUG: Timed Up & Go Test.
bTIN: Tinetti Test.
cBBS: Berg Balance Scale.
dLIN: Lindera Mobility Analysis.

Table 3. Spearman rank correlation of analog and digital fall risk and mobility assessment.

LINcTINbTUGaAssessment

NP valuer sNP valuer sNP valuer s

39.001–0.611e42.001.730e40.001–0.770eBBSd

38.001.583e40.001–0.526eN/AN/AN/AfTUG

39.001–0.563eN/AN/AN/AN/AN/AN/ATIN

aTUG: Timed Up & Go Test.
bTIN: Tinetti Test.
cLIN: Lindera Mobility Analysis.
dBBS: Berg Balance Scale.
eThe correlation was significant at the level of .01.
fN/A: not applicable.

Figure 2. B-A plot of LIN and the BBS. B-A: Bland-Altman; BBS: Berg Balance Scale; LIN: Lindera Mobility Analysis.
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Figure 3. B-A plot of TIN and LIN. B-A: Bland-Altman; LIN: Lindera Mobility Analysis; TIN: Tinetti Test.

Figure 4. B-A plot of TUG and LIN. B-A: Bland-Altman; LIN: Lindera Mobility Analysis; TUG: Timed Up & Go Test.
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Discussion

Principal Findings
The aim of this study was to evaluate the accuracy of LIN
compared to reference standards for analog objective measures
of older people’s fall risk. As our study shows, a
moderate-to-high correlation according to Cohen [27] was found
for LIN and the BBS, TIN and TUG. In this, the lowest
correlation for the 3 reference assessments could be observed
for LIN and TUG.

The results of our correlation analyses were verified by the B-A
plots drawn. The B-A plots showed only a minority of the data
pairs outside the predefined 95% limits. However, we observed
a low-to-moderate proportional bias of the differences between
results of LIN and the respective reference standards, indicating
that both respective measurements might not be depicting the
same construct. Moreover, we observed a skew in all plots,
validating the observation of the correlation analyses. Due to
the range and direction of the scales indicating a higher fall risk,
we needed to transform our data for 2 plots in order to be able
to obtain interpretable results. Additionally, as the differences
between measurements were not normally distributed, we had
to draw our B-A plots based on a nonparametric version.

This might have contributed to the results of the drawn plots.
However, results from both correlation analyses and B-A plots
could be interpreted as a sign that LIN can actually be superior
in detecting older people at risk of falling compared to the 3
reference standards.

All 3 assessments are established tools for predicting falls in
older people; however, none of them can be labeled as a gold
standard. Although there might be different reasons for this, all
of them have known flaws that have to be considered when
planning to use any of them. As mentioned before, there are
several versions available for TIN, making comparison between
studies difficult. Additionally, both TIN and the BBS
demonstrate only good but not high sensitivity and specificity
for fall prediction in older adults living in care residence
facilities [28]. The authors recommended using a combination
of the BBS and a gait speed test in order to obtain more
dependable results in this population. For TUG, Haines et al
[29] found comparable problems in a population of older adults
in a geriatric ward.

This merits some consideration. In contrast to TUG, LIN, TIN,
and the BBS record complex movement sequences and thus
evaluate balance, postural control, and gait symmetry.

In contrast, TUG merges all these functional requirements into
1 single information piece, the time needed to complete TUG.
As a consequence, a lot of technology-based research aims at
increasing the information value gathered through the relative
easy-to-administer TUG, where TUG performance is often used
to gather not only the TUG time but also the TUG stride length,
as well as the forward und lateral tilt of the trunk and gait
symmetry. Although TUG’s ability to predict falls in older
adults has been established [19], several attempts have been
made to increase the level of obtainable information while
performing TUG, using video data and different sensor arrays

[30-32]. All these studies have been, at least partly, successful
in gathering information about gait and balance while
performing TUG, but it still makes direct comparison between
the original TUG and the expanded, technology-based versions
difficult. In our study, LIN, in addition to information from a
questionnaire and the time to complete TUG, measured other
factors, such as stride length and the forward and lateral tilt of
the trunk and gait symmetry. As stated before, TIN and the BBS
evaluate complex movement sequences that resemble a wide
variety of everyday activities and thus test a participant’s
balance, postural control, and gait symmetry. Therefore, the
gathered data seem to be more comparable to more complex
(and time-demanding) assessments, such as the BBS and TIN.
This is, in our opinion, reflected in the high correlation
coefficients between LIN and the BBS and TIN in contrast to
the more modest correlation with TUG.

Additionally, LIN uses an additional questionnaire based on
the German National Expert Standard Fall Prevention and as
such provides a guideline for the prevention of falls [14]. The
questionnaire encompasses items about not only intrinsic factors,
such as comorbidities, incontinence, fear of falling, and prior
falls, but also extrinsic factors, such as mobility aids, barriers
in the living environment, shoes used at home, and several other
factors that have been identified as contributors to the risk of
falling. Therefore, LIN includes, in comparison to the functional
assessments of gait and balance that are recommended in
geriatrics and were used in this study, more dimensions of the
phenomenon of falls in older adults and is, thus, in our opinion,
more comprehensive that a purely functional assessment for
identifying patients with fall risk. Whether this leads to any
potential superiority of LIN cannot be answered based on the
available data. For this, additional research is necessary that
includes the prospective establishment of diagnostic criteria as
well as its ability to prevent falls. We conclude therefore that
for gaining deeper insight into the potential of technology-based
mobility and fall risk assessments, more detailed comparators
are needed.

Despite these limitations, we deem our results satisfactory. The
low number of data pairs outside the LOA indicate, in our
estimation, a satisfactory level of comparability of the results
of LIN with our reference standards. The observable bias in all
3 plots is, in our estimation, acceptable. Due to the reason stated
before insofar, a complete agreement between the measurements
cannot be expected. However, we are aware of the fact that the
results presented here have to be interpreted with caution and
have to be verified in further studies.

Compared to other apps for fall risk analysis, such as FallSA
[33], LIN showed a slightly higher significant correlation with
the established BBS. FallSA was significant moderately
correlated (r=0.518, P<.001) with the Physical Profile
Assessment [11]. In 2021, iPhone manufacturer Apple Inc.
offered a function in the current version of its iOS (iOS 15) that
is supposed to prevent falls. As the manufacturer stated,
“Walking Steadiness on iPhone is a first-of-its-kind health
metric that can give you insight into your risk of falling. It uses
custom algorithms that assess your balance, strength, and gait”
[34]. Based on calculated gait stability, the software is supposed
to predict the risk of falling. Both FallSA and iOS 15 measure
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functional ability. In contrast, LIN is based on the measurement
of functional ability and surveying intrinsic factors of its users.
Furthermore, the FallSA app as well as iOS 15 are not
specifically labeled as medical devices in the sense of the
European Medical Device Regulation—Regulation (EU)
2017/745 of the European Parliament and of the Council of 5
April 2017 on Medical Devices. In contrast, LIN is a class 1
medical device. Being a medical device allows professionals
involved in care, such as nurses, physical therapists, and
physicians, to use the results of the app to assist their nursing
appraisals or diagnoses.

Using LIN or other medical devices with the ability to identify
fall risks in older people while involving health professionals
offers great potential. In 2021, Meekes et al [35] studied the
level of information general practitioners (GPs) had available
for any of their patients with frailty about their fall history as
well as the occurrence of fear of falling. In their study, GPs had

no information about fall history in 668 (48%) of the affected
patients [35].

Additionally, as several studies have demonstrated that a
significant portion of patients tend to underestimate their own
fall risk [36,37], the LIN app offers high potential for
determining one’s own fall risk as a nonprofessional. This gives
older people an opportunity to self-assess their own fall risk
and, with repeated measurements, any changes in their fall risk
status over time.

Conclusion
Using LIN has the potential to enable older people to be more
independent of the initial determination of a fall risk by GPs or
other health care professionals and also enables them to identify
and respond to positive or negative changes in their own fall
risk. This provides older adults with the ability to manage their
own fall risk in an effective and adequate manner. Using LIN
can help reduce fall events in people aged 65 years or more.
Further study is indicated to verify validity.
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Abstract

Background: Sensor-based remote health monitoring can be used for the timely detection of health deterioration in people
living with dementia with minimal impact on their day-to-day living. Anomaly detection approaches have been widely applied
in various domains, including remote health monitoring. However, current approaches are challenged by noisy, multivariate data
and low generalizability.

Objective: This study aims to develop an online, lightweight unsupervised learning–based approach to detect anomalies
representing adverse health conditions using activity changes in people living with dementia. We demonstrated its effectiveness
over state-of-the-art methods on a real-world data set of 9363 days collected from 15 participant households by the UK Dementia
Research Institute between August 2019 and July 2021. Our approach was applied to household movement data to detect urinary
tract infections (UTIs) and hospitalizations.

Methods: We propose and evaluate a solution based on Contextual Matrix Profile (CMP), an exact, ultrafast distance-based
anomaly detection algorithm. Using daily aggregated household movement data collected via passive infrared sensors, we generated
CMPs for location-wise sensor counts, duration, and change in hourly movement patterns for each patient. We computed a
normalized anomaly score in 2 ways: by combining univariate CMPs and by developing a multidimensional CMP. The performance
of our method was evaluated relative to Angle-Based Outlier Detection, Copula-Based Outlier Detection, and Lightweight Online
Detector of Anomalies. We used the multidimensional CMP to discover and present the important features associated with adverse
health conditions in people living with dementia.

Results: The multidimensional CMP yielded, on average, 84.3% recall with 32.1 alerts, or a 5.1% alert rate, offering the best
balance of recall and relative precision compared with Copula-Based and Angle-Based Outlier Detection and Lightweight Online
Detector of Anomalies when evaluated for UTI and hospitalization. Midnight to 6 AM bathroom activity was shown to be the
most important cross-patient digital biomarker of anomalies indicative of UTI, contributing approximately 30% to the anomaly
score. We also demonstrated how CMP-based anomaly scoring can be used for a cross-patient view of anomaly patterns.

Conclusions: To the best of our knowledge, this is the first real-world study to adapt the CMP to continuous anomaly detection
in a health care scenario. The CMP inherits the speed, accuracy, and simplicity of the Matrix Profile, providing configurability,
the ability to denoise and detect patterns, and explainability to clinical practitioners. We addressed the need for anomaly scoring
in multivariate time series health care data by developing the multidimensional CMP. With high sensitivity, a low alert rate, better
overall performance than state-of-the-art methods, and the ability to discover digital biomarkers of anomalies, the CMP is a
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clinically meaningful unsupervised anomaly detection technique extensible to multimodal data for dementia and other health care
scenarios.

(JMIR Aging 2022;5(3):e38211)   doi:10.2196/38211

KEYWORDS

contextual matrix profile; multidimensional anomaly detection; outlier detection; sensor-based remote health monitoring; dementia;
unsupervised learning

Introduction

Background
Dementia is a progressive and irreversible decline in a wide
range of brain activities, including impaired memory, thinking,
orientation, comprehension, calculation, learning capacity,
language, and judgment, beyond what might be expected from
natural biological aging. The World Health Organization
estimates that approximately 55 million people have dementia
worldwide, which is set to rise to 78 million in 2030 and 139
million in 2050 [1]. Managing the care of this growing
population incurs significant costs. The Alzheimer’s Society
puts the cost of care for people with dementia in the United
Kingdom at GBP 34.7 billion (US $40 billion), rising sharply
to GBP 94.1 billion (US $108.6 billion) by 2040 [2]. The
hospitalization of people living with dementia because of
potentially preventable conditions such as fall injuries, sepsis,
pneumonia, and urinary tract infection (UTI) puts huge pressure
on health systems. To minimize preventable hospitalizations,
there is a significant investment in artificial intelligence–driven
technologies that enable the health of people living with
dementia to be remotely monitored and assisted while they live
in the comfort of their own homes.

The UK Dementia Research Institute Care Research and
Technology Centre has made a significant effort in this direction
with its vision to “use patient-centered technology to help people
affected by dementia to live better and longer in their own
homes” [3]. The team at the UK Dementia Research Institute
Care Research and Technology Centre has developed a
sensor-based remote health monitoring platform that enables
clinicians to intervene early and allows researchers to improve
their understanding of dementia onset and progression [4]. The
cohort currently covers 102 people with dementia living with
their caregivers in their own homes. Data collection commenced
in 2019 and will continue until at least 2025, with more
participants being onboarded each year, making it one of the
largest, longest-running, and most diverse and unique dementia
data collection programs worldwide. The sensors, framework,
models, clinical monitoring workflows, app for participants,
and monitoring dashboard together form a digital platform called
Minder (please see the website of the UK Dementia Research
Institute [4] for more information).

Occasionally, people with dementia present with behavioral
and psychological symptoms such as agitation, aggression, sleep
disturbances, urinary system disorders, dehydration, and falls.
UTI is the most diagnosed infection in older adults, and early
identification is key to preventing further complications [5,6].
The diagnosis of UTI remains problematic because of the
presence of a range of nonspecific symptoms, a high prevalence

of asymptomatic bacteriuria, and reduced help-seeking behavior
[7-9].

An “anomaly” in the context of home health monitoring can be
simply understood as an unexpected but significant irregularity
in otherwise normal data, which is indicative of an adverse
condition. Anomalies are difficult to detect within overwhelming
volumes of normal data. The cost of missing or misclassifying
anomalies can be high (eg, failing to detect a UTI could be
catastrophic). Current methods for health care anomaly detection
are challenged by one or more real-world issues:
high-dimensional and multivariate data; little to no information
on the distinction between normal and abnormal data; time
course data and the need to make predictions with low latency;
patient-to-patient variability; noise and lack of periodicity
because of social visits, pets, sensor issues, and noisy labels;
high false alert rate; high tuning needs; and low explainability
to clinical monitoring teams and caregivers [10].

The aim of our work was to develop a clinically useful,
domain-agnostic, fast, lightweight, unsupervised anomaly
detection approach for real-world noisy health care data. We
accounted for individual variability, generalizability across
individuals and domains, and explainability to clinicians and
carers in the form of digital biomarker discovery. Our work
makes the following contributions: (1) it offers the first use case
for the Contextual Matrix Profile (CMP) for adaptive anomaly
detection in health care, specifically in a real-world remote
health monitoring scenario; (2) it develops the multidimensional
CMP and uses it to identify and score anomalous patient days;
(3) it demonstrates the effectiveness of CMP-based anomaly
scoring over state-of-the-art methods; and (4) it uses the CMP
to discover biomarkers of anomalies using household movement
data.

Prior Work

Overview
Approaches to anomaly detection can be broadly categorized
as statistical, distance-based, reconstruction-based, domain-
based or decision boundary–based, information-theoretic, and
graph-based [11]. Many approaches in the literature use
combinations of techniques such as visual, knowledge-based,
and machine learning approaches. We highlight how some of
these techniques have been applied to anomaly detection in
remote health monitoring scenarios.

Statistical Methods
Statistical thresholding is a popular approach to finding point
anomalies. A National Institutes of Health–funded pilot study
used statistical thresholding to generate alerts for UTI and
offered early interventions for 37 older adult participants, some
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with Alzheimer disease, residing in apartments equipped with
motion, pressure, and temperature sensors [12]. Clustering-based
techniques were used in the study by Mori et al [13] to detect
anomalies in the timing and duration of different activities.
Statistical methods typically ignore the multivariate nature of
anomalous events and can generate numerous false positives
[14].

Machine Learning Approaches
Using early data from our Minder study, Enshaeifar et al [15]
used a Markov chain to model activity sequences along with
an entropy rate to quantify the regularity of an individual’s
patterns in their day-to-day life. They used a training set to
construct the Markov model and a verification set to define a
confidence threshold for deviations [15]. Novák et al [16]
detected anomalies such as long periods of inactivity, unusual
presence, and changes in daily activity patterns using a
combination of self-organizing maps for activity classification
followed by a Markov model for next activity prediction. The
limitations of the Markov approach include the inability to
address parallel activities, activities that involve the same event
with different probabilities, and scalability issues [17,18].

Arifoglu and Bouchachia [5] explored convolutional neural
networks to capture temporal and spatial representations of
activity and detect abnormal behavior related to repeating
activities, sleep disruption, and confusion. Sensor data were
sliced into time windows, and activities were labeled via
sequence labeling to train convolutional neural networks that
could detect deviations from normal daily life sequences.
Supervised learning and interpretability are some limitations of
this approach.

Akl et al [19] used signal processing with machine learning
algorithms to detect mild cognitive impairments in older adults.
They used sensors to extract the average, probability density,
and trajectory of measures over sliding windows of sensor data
as input to support vector machines and random forest classifiers
to assess cognitive status. This approach requires training data
annotations for cognitive status and has missing data issues in
time windows.

Jakkula et al [20] considered the problem of anomaly detection
based on temporal relationships. They expressed relationships
between temporal events based on temporal logic, such as
before, after, meets, overlaps, and contains, and used these to
identify frequently occurring relationships between them.
Adopting a probability-based model based on prior evidence
from an inhabitant’s history, they reported low-probability
events as anomalies. The study acknowledges that hundreds of
sensors must be used to identify temporal relations at a granular
level. It also requires a large training data set that must be
updated to capture changing patterns.

Using data from our own remote monitoring study, Palermo et
al [21] developed a supervised long short-term memory network
to analyze the risk of agitation episodes in people with dementia
using environmental, physiological, and sleep data. They used
weak learning and label augmentation to address noise and class
imbalance. In another Minder study, Li et al [22] adopted a
semisupervised machine learning approach to predict the risk

of UTI in people with dementia using environmental and
physiological data. A convolutional autoencoder was used to
learn a representation of the unlabeled sensor data. The encoder
was used to extract the corresponding features from a smaller
set of positively labeled data, which were then used to train a
supervised classifier—a probabilistic neural network with a
fully connected layer. Although this model is robust and learns
continually, it approximates sensor data using Lagrangian
approximation, requires interpretability, and takes a generalized
versus patient-specific approach to detecting UTIs.

In the study by Paudel et al [23], the authors used unsupervised
graph-based anomaly detection to identify cognitive health
decline in older adult residents living in smart homes. They
transformed motion sensor data from raw sensor log files into
individual activity graphs and performed anomaly detection
based on the normative pattern derived from the minimum data
length principle [24]. This study used cohort-wide thresholds
instead of the users’ own thresholds.

Visual Approaches
Visualization of activity density is another intuitive way of
detecting anomalies in movement data. The study by Gupta et
al [25] describes how unsupervised learning can be used to
discover activity patterns in unlabeled data from passive infrared
(PIR) sensors. In this work, user activity data were visualized
and tracked through Uniform Manifold Approximation and
Projection, whereas kernel density estimation was used for
automatically extracting periods of dense sensor activity.
Although Uniform Manifold Approximation and Projection
plots are useful in informing daily patient-carer interactions,
they are not readily interpretable, and this approach does not
provide an anomaly score. Heat maps have also been used in
conjunction with deep learning techniques to determine the
probability of agitation- or UTI-related anomalies. In the study
by Li et al [26], hourly heat maps based on raw sensor data were
encoded via positional encoding to extract relevant time steps
that were then passed into a long short-term memory model to
extract relevant data and into an attention-based model to make
predictions. This method uses supervised learning and, as is
common with deep learning models, is computationally
expensive and requires sufficient training data for accurate risk
analysis and predictions.

Matrix Profile for Anomaly Detection
Research on real-world applications of Matrix Profile
(MP)–based anomaly detection is scarce. Lin et al [27] used an
early version of the MP to detect discords in electrocardiogram
time series. More recently, researchers have used MP for
web-based anomaly detection in IT operation time series [28].
In the study by Steenwinckel et al [29], researchers used an MP
with knowledge-driven algorithms to create an interpretable
system for sensor monitoring in the railway domain. Nieves
Avendano et al [30] used MP with clustering for web-based
anomaly detection and event prediction based on acoustic
emission sensors that relay information about the mechanical
conditions of a cold-forming manufacturing line. This method
is robust to noise, missing values, and irregular sampling.
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The CMP has been shown to be more flexible and effective than
the MP in 2 curated non–health care web-based data sets where
the authors showed how the CMP can be used to detect more
subtle anomalies in addition to those detected by the MP [31].

In Figure 1 [11,32], we summarize the effectiveness of each
technique framed in the context of remote health monitoring
by evaluating the pros and cons of each technique presented in
the survey literature. The CMP overcomes many of the
drawbacks identified for distance-based methods and is well
suited to remote health monitoring scenarios.

Figure 1. Suitability of anomaly detection techniques for remote health monitoring [11,32]. CMP: Contextual Matrix Profile.

Methods

MP and CMP Preliminaries

MP Overview
The MP, detailed in the study by Yeh et al [33], is an
unsupervised, state-of-the-art time series analysis technique that
can be used for pattern detection, anomaly detection, time series
segmentation, and change point detection. Its fast performance
stems from the use of the fast Fourier transform for the
z-normalized Euclidean distance computation. The algorithm
is useful for both static data and incremental modeling of
streaming values with limited slowdown on even very large and
multivariate time series. In this section, we define the MP
preliminaries relevant to anomaly detection in our smart home
context.

MP Description
An MP P of time series t is a vector of the z-normalized
Euclidean distances between each subsequence in an
all-subsequence set A with its corresponding nearest neighbor

or closest match within A (trivial matches excluded). Trivial
matches are the set of subsequences around the query
subsequence, which are likely to have a very small Euclidean
distance from the query subsequence. This boundary is typically
set to m/2, where m is the length of the subsequence.

Multidimensional MP
A k-dimensional MP of a multidimensional time series t with
dimensionality d is a meta–time series that stores the
z-normalized Euclidean distance between each subsequence
and its nearest neighbor (the distance is computed using the
k-dimensional distance function) [34]. In simple terms, the
algorithm works as follows: (1) it stores the MP for each
dimension (time series channel) in the subsequent rows of a 2D
matrix, (2) the k-dimensional MP is computed by taking the
average of the k lowest values in the columns of the matrix, and
(3) the multidimensional MP is created such that row k (0≤ k<
m) contains the k-dimensional MP. For implementation, we
refer the reader to the STUMPY library tutorial [35].

The issues with the direct application of the MP are outlined in
Textbox 1.

Textbox 1. Issues with the direct application of the Matrix Profile (MP).

Direct application issues related to the MP

• The raw MP is noisy and does not give a clear indication of which discords are true anomalies.

• It is insensitive to amplitude variations and low in localization accuracy [28].

• The MP considers every subsequence for comparison with every other, which implies that the length of subsequence equals the level of granularity
at which an anomaly may be identified. The two must be decoupled.

• An anomaly could be masked when its subsequence is close to another anomalous subsequence [28].

• The MP is hardwired to compute Euclidean distance. Although this has great advantages—complexity linear to the length of the time series, easy
to implement, indexable, and parameter-free—it can also be sensitive to noise and exhibit misalignments in time [36].
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CMP Overview
The CMP is a new flexible time series analysis technique based
on the MP [31]. The CMP derives its motivation from the
distance matrix calculations that are used to compute the MP.
This section provides details on the CMP.

Context Window
It is the number of subsequences in a single time segment or
region of interest. Given a patient data set, using a context
window of 3 and a subsequence length of 3 (with no
subsequences omitted), the patient data will be grouped into the
time segments shown in Figure 2.

Figure 2. Contextual Matrix Profile contexts or time segments are blocks of time comprising a set of subsequences. Each context shown here is made
up of 3 subsequences (context window=3), each subsequence being 3 days in length. We assigned anomaly scores to contexts instead of days.

Context (or Time Segment)
It is a single time segment with a size equal to the context
window and containing subsequences of length defined by the
user. One cell in the CMP represents 1 “context” or time
segment.

CMP Description
It is a configurable, 2D version of the MP that tracks the
minimum distance between each context of subsequences in
user-defined regions of the time series. First, the user
(optionally) defines regions of interest for a given time series.
They then determine the subsequence length and context
window size. For instance, for a subsequence length of 3 days
and a context window size of 3 days, the time series is divided

into contexts, as shown in Figure 2. The CMP is formed by
comparing the z-normalized Euclidean distance between each
subsequence in one context and every subsequence in another
context and selecting the minimum distance, which forms 1 cell
in the CMP. Figure 3 highlights the difference between the MP
and CMP. The MP comprises the column-wise minimum values
in the distance matrix, whereas the CMP is created by taking
the minimum over rectangular areas.

The application of the MP idea to blocks of data instead of
individual subsequences serves to aggregate and denoise the
distance computation and extract useful patterns. Figure 4 shows
the CMP for the late-evening daily bathroom activity for one
of our patients. It serves as a visual overview of the consistency
of activity and any break points.

Figure 3. Matrix Profile versus Contextual Matrix Profile.
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Figure 4. Each cell color codes the minimum distance between the time segments on the x- and y-axes. Green bands indicate anomalous activity or
consistently large minimum distance from other time segments. The Contextual Matrix Profile is symmetric around the diagonal line.

Multidimensional CMP
We developed the multidimensional CMP based on the principle
of a multidimensional MP. A k-dimensional CMP of a
multidimensional time series t with dimensionality d is a
meta–time series that stores the minimum z-normalized
Euclidean distance between any subsequence in one context
and any subsequence in another context, with the distance
computed using the k-dimensional distance function, which is
explained in the study by Yeh et al [34]. The algorithm works
as follows. First, we stack the feature-specific 2D CMPs to
obtain a 3D array. We then sort the array in ascending order
using this feature dimension. This gives, for each context, the
minimum distance values sorted in increasing order by feature.
Now, we apply the method in the study by Yeh et al [34] to

obtain the k-dimensional CMP. For k=0 (ie, 1D CMP), we query
the first row of the k-dimensional CMP. This provides the lowest
nearest-neighbor distance for each context based on a single
feature. The lowest-scoring feature for a context may be
different from the lowest-scoring feature for a different context.
Similarly, for k=1 (or 2D CMP), we query the second row of
the k-dimensional CMP, which, for each context, provides the
lowest average distance based on 2 features. Again, the 2
lowest-scoring features for one context may be different from
those for another context. The maximum value of k is the
number of features minus 1 (k is zero-based).

The multidimensional CMP (Figure 5) is key to anomaly
detection in our multidimensional data. The CMP offers
advantages over the original MP (Textbox 2).
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Figure 5. Multidimensional Contextual Matrix Profile (CMP) formation involves stacking feature-specific CMPs and then arranging each cell (time
segment) in order of distance. The final multidimensional CMP is formed so that each cell in row i contains the average of the i+1 lowest distances for
the cell.

Textbox 2. Advantages of the Contextual Matrix Profile (CMP).

CMP advantages

• It compares distance over a context instead of at a subsequence level, which is important for denoising the time series.

• The context size is configurable. In addition, the CMP allows for specific regions to be defined to detect patterns and anomalies, and the distance
matrix need not be covered in its entirety.

• Other distance measures in addition to Euclidean distance can be used.

• The CMP offers an intuitive way of visualizing time series window regions and detecting anomalies.

• Anomalies cannot be easily masked, even if another similar anomaly has occurred elsewhere in the time series.

Anomaly Scoring With the CMP
We used the anomaly detection pipeline (Figure 6) described
in Textbox 3.

Figure 6. Contextual Matrix Profile (CMP)–based anomaly detection pipeline. UTI: urinary tract infection.
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Textbox 3. Anomaly detection pipeline.

Pipeline for anomaly detection

1. We decided on a suitable context window. We used a context size of 3 and a subsequence length of 3 days taking into consideration the need for
maximum granularity, denoising, explainability, and time taken for the onset of an anomaly.

2. For each patient time series, we generated the z-normed Euclidean distance matrix for a self-join and then the Contextual Matrix Profile (MP)
based on our context window setting.

3. We used the CMPs directly or adapted them for visualization and monitoring purposes.

4. We computed the anomaly score for each context. This is the average distance between the current context and contexts in the past. This step
was repeated for every time series to obtain feature-specific anomaly scores.

5. The anomaly scores were used as inputs in different machine learning models trained for specific health events. This will be explored in future
work.

6. The models were prepared to obtain a single-valued score for each time segment. We evaluated the following methods:

• Combining feature-specific anomaly scores based on the sum of scores, median of scores, mean of scores, maximum of scores, and
entropy-based weighting (the scores were combined based on the entropy of the underlying time series using inverse weighting; greater
entropy implies lower weighting of the anomaly score obtained from using that time series). Two types of entropy measures were used:

• Approximate Entropy (ApEn): ApEn approximates the exact regularity statistic Kolmogorov-Sinai entropy and reflects the predictability
of a time series by exploring repetitive patterns in the data. It is applicable to noisy data sets [37]. It relies on the Heaviside function
to define the similarity between 2 patterns. ApEn generates a unitless number from 0 (perfectly periodic) to 2 (noisy) [38].

• Fuzzy Entropy (FuzzyEn): This also uses the Heaviside function, although similarity is evaluated by a fuzzy function that computes a
membership coefficient ranging from 0 to 1. Consequently, in addition to the selection of N (length over which to compute entropy),
m (subsequence length), and r (tolerance in terms of the number of SDs), FuzzyEn requires a fourth parameter, n, the gradient of the
boundary of the exponential function used to assess similarity [39]. FuzzyEn provides a graded similarity instead of binary similarity
between parts of the time series [37].

• Multidimensional CMP-based scoring: We used the multidimensional CMP to generate the multivariate anomaly score for each context
using 2 different settings for k:

• k=auto: Here, we considered the optimal value of k when predicting true likely anomalies for a patient (Figure 7). To do this, we used
the elbow method on each patient’s multidimensional CMP. Specifically, we computed the median distance in each of the k-dimensional
CMPs for the patient and used the “kneedle” algorithm to automatically find the optimal value of k at which the inflection point occurred
[40]. We then chose this optimal k row from the overall k-dimensional CMP to use this to extract the single-valued patient anomaly
scores for each context. Once the “optimal” CMP was obtained, we scored each context in 2 ways:

• Distance-weighted multidimensional CMP scoring: The anomaly score for a context was calculated as the inverse-weighted
average of its nearest-neighbor distance from previous contexts. Thus, if a context is 3 hops in the past from the current context
being scored, its distance is given one-third weight when calculating the anomaly score for the current context.

• Equal-weighted multidimensional CMP: The anomaly score for a context was calculated as the simple average of its nearest-neighbor
distance from previous contexts.

• k=1: We took the CMP that is based on the top 2 features for each context.

• We performed sliding window thresholding (7-, 14-, 21-, 30-, 60-, and 90-day windows) on the single context score using robust z, IQR,
and quantile-based methods to predict true likely anomalies and report the best results.

• The predicted anomalies were then “soft” validated against the anomaly labels available in the data set to compute recall.
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Figure 7. Multivariate anomaly scoring. Starting with the multidimensional Contextual Matrix Profile (CMP), we chose the optimal dimension for
each patient by taking the median of their scores in each dimension and then selected the dimension at the inflection point. This optimal dimensional
CMP was then used for distance-based anomaly scoring.

Data Set Description and Preprocessing

Data Set
The data for our study came from an ongoing real-world remote
health care monitoring study (the “Minder” study mentioned in
the Introduction section) of 102 people living with dementia at
home and supported by their carers in England, United
Kingdom. This includes 51% (52/102) men (mean age 81.94,
SD 6.34 years) and 49% (50/102) women (mean age 80.80, SD
15.76 years). Movement data are captured via PIR sensors
installed in different parts of the home—hallway, bathroom,
bedroom, lounge, and kitchen—that are triggered passively
based on movement throughout the day. There are door sensors,
smart plugs for appliances, light and temperature sensors, a
sleep mat, and physiological data recorders as well. We
considered only PIR data in this study as they are the least
missing, most reliable, and available with the finest granularity
across the cohort. Physiological data are currently self-reported
by the person living with dementia or their carer once or twice
a day and with greater missingness, which would require
imputation. Sleep data are sparse for this cohort.

In our study, we focused on the 15 patients with dementia who
had had at least one clinically validated incidence of UTI. This
included 53% (8/15) men (mean age 85.13, SD 5.57 years) and
47% (7/15) women (mean age 82.86, SD 6.79 years). Of these
15 patients, 7 (47%) had also experienced ≥1 hospitalization
event. Altogether, we had 31 UTI and 10 hospitalization labels
across a total of 9363 patient days, making up approximately
0.44% (41/9363) of the overall data set. The UTI labels were

manually annotated after validation by the clinical monitoring
team using urine samples from patients. However, it is worth
noting that older adult patients often present with atypical
symptoms, making the differentiation of asymptomatic
bacteriuria from symptomatic UTI challenging [6]. Moreover,
the start time of UTI and the duration of symptoms are not
clearly defined. The list of hospitalization events was collated
based on information from general practitioners. It included the
date of hospitalization and, in some but not all cases, the cause
of hospitalization.

Preprocessing

Daily Aggregation

Household movement data captured via PIR motion sensors
were first aggregated daily to reduce noise, as hourly counts
can vary widely from one day to the next, and the high
granularity and variation make anomalies less discernible. We
ignored consecutive firing events from the same sensor,
considering the first firing event to compute the duration at the
previous location and the last firing event to compute the
duration at the current location. Any consecutive sensor firings
from the same sensor between the first and last firing were
ignored, thus reducing redundancy and noise.

Feature Engineering

To capture different types of movement-related information,
we calculated the features outlined in Textbox 4 for the daily
activity data across the various locations—bathroom, bedroom,
kitchen, lounge, and hallway.
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Textbox 4. Movement-related features.

Feature and description

• Location count: this is the daily count of sensor firings for each location.

• Location early-morning count: this is the count of sensor firings between midnight and 6 AM on the current day.

• Location late-evening count: this is the count of sensor firings between 6 PM and midnight on the previous day.

• Location duration: this is the daily total number of minutes spent at each location.

• Location hourly movement change: this is the Wasserstein distance between the hourly sensor distribution at a location on the previous day with
that on the current day; a larger Wasserstein distance implies a greater change in hourly pattern from one day to the next; this measure is robust
to different motion densities across patient households. The Wasserstein distance or “earth mover” distance is a single explainable metric that
measures the approximate minimal work required to move between 2 probability distributions, where “work” can be loosely defined as the product
of how much of the distribution’s mass moves and the distance by which it must be moved [41]. Unlike other measurements such as L2,
Kullback-Leibler divergence, and Jensen-Shannon divergence, the Wasserstein distance is sensitive to geometry [42].

Feature Selection

Similar to the study by Skubic et al [43], we applied the methods
outlined in Textbox 5 to select the features for anomaly
detection.

The simplified list of features included bathroom Wasserstein
distance, hallway Wasserstein distance, lounge Wasserstein
distance, bathroom early-morning and late-evening activity,
kitchen early-morning and late-evening activity, bedroom
early-morning and late-evening activity, bedroom activity
duration, and bathroom activity duration.

Textbox 5. Methods for selecting features for anomaly detection.

Anomaly detection feature selection methods

• Domain knowledge: the study by Pevný [44] showed that detectors using only features that explain anomalies had equal or better performance
than detectors using all features. Erratic bathroom activity can strongly suggest urinary tract infection [45], and therefore, we captured daily
changes in bathroom activity. Similarly, disturbed sleep, agitation, and wandering are common characteristics in patients with dementia [46,47].
Hence, we included daily changes in the hourly distribution of bedroom, hallway, kitchen, and lounge activity. These features help capture unusual
daytime and night-time activity across locations and follow recommendations by clinical researchers in a similar study supporting the modeling
of health decline with behavioral biomarkers [43].

• The significant online discords technique was used to find the common features that are associated with the highest median recall value for
urinary tract infection and hospitalization using cross-validated data from our patient cohort [48].

• We eliminated redundant variables based on the correlation between the features.

• We also eliminated duration-related features for communal spaces such as hallways, living rooms, and kitchens, where distinguishing between
patient and carer activity is difficult as of yet.

• The variables that were robust to differences in activity levels across households were retained.

Experiments
We conducted our experiments on the household movement
data of 15 patients selected from the ongoing Minder study,
which had 31 UTI and 10 hospitalization labels across a total
of 9363 patient days. All experiments were run on a 64-bit Intel

i7-8700K central processing unit, 3.7 GHz Windows 10 machine
with 32 GB of RAM.

Our experimental settings are listed in Table 1. For each
anomaly-scoring model, we experimented with every
combination of window size, IQR threshold, robust z threshold,
and quantile threshold and reported the best results obtained.
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Table 1. Experimental parameters considered in this study.

ValuesSetting

3Context window

3Subsequence length (days)

7, 14, 21, 30, 60, and 90Window sizes for sliding window thresholding (days)

1.0 and 1.2IQR threshold

1.65, 1.8, 3, and 4Robust z threshold

0.95, 0.96, 0.97, and 0.98Quantile threshold

Entropy-based methods

500N (data size)

0.2r (SD tolerance)

7m (subsequence length)

−10 to +7Soft buffer for label validation (days around actual label)

Model Evaluation
We used the data from our 15 patients to evaluate
multidimensional CMP-based anomaly scoring relative to
univariate methods and 3 other popular modern, parameter-free,
and interpretable methods in the literature: Angle-Based Outlier
Detection (ABOD), Copula-Based Outlier Detection (COPOD),
and Lightweight Online Detector of Anomalies (LODA). To
be suitable for use in an unsupervised, streaming scenario, we
used only historical data at each time point.

ABOD measures the variance of the angle (cosine) spectrum
of the data points weighted by the corresponding distances.
ABOD works on the principle that if the spectrum of the
observed angles for a point is small, other points will be
positioned only in certain directions. This means that the point
is positioned outside of some sets of points that are grouped
together, implying that the point is an outlier [49]. COPOD is
inspired by copulas for modeling multivariate data distributions.
COPOD first constructs an empirical copula and then uses it to
predict the tail probabilities of each given data point to
determine its level of “extremeness.” The outlier scores
produced by COPOD measure the likelihood of a point relative
to the other points in the data set. The method outputs a
“dimensional outlier graph” that provides insights into outlier

subspaces or features for a given outlier point [50]. LODA
comprises a collection of k 1D histograms, each approximating
the probability density of the input data projected onto a single
projection vector. Projection vectors act to diversify individual
histograms, which enables the ensemble system to improve the
performance of a single detector. The complexity of LODA is
linear with respect to the number of training samples and the
dimension of the input space [44].

We used 3 thresholding criteria for scores (Textbox 6).

To determine how competitive CMP-based anomaly scoring is
in identifying anomalies in real-world remote monitoring data
for patients with dementia, we report the measures shown in
Textbox 7 for each model.

An anomaly is assumed to be correctly identified if the predicted
date is within the soft buffer of the labeled date of anomaly. For
transparency, we report both the average recall and patient-wise
recall. From a clinical perspective, this measure is a direct
indication of a model’s effectiveness.

When choosing between models, a clinician will likely choose
a model with a higher average recall, as the cost and
inconvenience of false alerts in our scenario are considerably
less than the cost of missing a real anomaly.

Textbox 6. Thresholding criteria for scores.

Criteria for thresholding of scores

• The robust z thresholding or Median Absolute Deviation method is less influenced by outliers and is used to calculate a modified z score that
quantifies the anomaly score in terms of SD units away from the median [51].

• Tukey or IQR thresholding uses the IQR of anomaly scores in the sliding window as the basis for thresholding. Any value greater than the third
quartile+ x times IQR is deemed anomalous, where x is the IQR threshold from Table 1.

• Quantile-based thresholding uses a fixed percentile of anomaly scores as the basis for thresholding taken from Table 1.
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Textbox 7. Model evaluation.

Model evaluation measures

• Number of patients with >33% recall: given that the average patient had only 3 validated anomalies, we ranked the models based on how many
patients had greater than one-third of their anomalies correctly identified. This makes it transparent whether the model is just effective for a small
proportion of patients or across the cohort.

• Average recall: this is the average percentage recall across the 15 patients, where recall=true positives or all known anomalies in the data set.

• Average number of anomalies detected: to minimize false alerts made to the clinical monitoring team, lower is better.

• Average recall percentage versus anomalies raised: according to the study by Pimentel et al [11], effectiveness in novelty detection is based on
the detection rate and the false alarm rate. The best model will demonstrate high recall together with a low number of anomalies raised.

• Precision: here, precision has little meaning, as outliers may result from different types of health indicators, sensor failures, visitors, pet activity,
or rare unusual activities by the patient or carer, which are not labeled in our data set. Although we still report this metric, relative precision
across methods is more meaningful.

Digital Biomarkers
Digital biomarkers are consumer-generated physiological and
behavioral measures collected through connected digital tools
that can be used to explain, influence, or predict health outcomes
[52]. The Food and Drug Administration-National Institutes of
Health “Biomarkers, EndpointS, and other Tools” classification
for traditional biomarkers classifies their use into the following
categories: susceptibility or risk determination, diagnostic use
to detect and confirm the presence of a condition of interest,
monitoring of the status of a condition, prognostic use to identify
likelihood, recurrence or progression of a condition, predictive
use, and measurement of response through exposure to a medical
product or agent [53]. We envisage these biomarkers of
anomalies to be used for susceptibility determination and
assistance with diagnosis, prognosis, and prediction of UTI or
another adverse clinical event.

The creation of the multidimensional CMP involves the
intermediate step of combining feature-specific CMPs such that
each context is arranged in ascending order of the feature-wise
nearest-neighbor distance. This implies that if we simply keep
track of the ordered set of features for each context in the
ordered stacked CMP, we can discover the most common
contributing feature in each of its dimensions. The modal feature
in the 0th dimension will be the most important biomarker
associated with the patient’s anomaly score. The modal feature
in the first dimension will be the second most important
biomarker and so on. Subsequently, by looking across the
ordered stacked CMPs for the entire cohort, we can determine
the generalized top k important biomarkers.

Ethics Approval
This study received ethics approval from South East Coast
Surrey National Health Service Research Ethics Committee
(Health Research Authority); Technology Integrated Health
Management Research Ethics Committee Reference:
16/LO/1802; Integrated Research Application System ID:
211318.

Results

Model Evaluation
We report the best results for each type of univariate and
multivariate model (Table 2).

All models could correctly identify more than one-third of the
known anomalies for two-thirds of the patients in the study. Of
these, the multidimensional CMP with equal-weighted context
(at window size=7 days, robust z=1.65, and k=1) yielded >33%
recall for 100% (15/15) of the patients. Other CMP-based
methods showed similar recall for up to 93% (14/15) of the
patients. This highlights the strong support for multidimensional
CMP as an anomaly detection tool for this cohort.

We also measured how many anomalies were raised by each of
the models across the 624 average patient days in our study. As
shown, the maximum number of alerts raised by any of the
CMP-based models was only approximately 34 or 5.4% (34/624)
of patient days. Our best-performing CMP model raised
approximately 32 alerts, which is, on average, 5.1% (32/624)
of patient days. Note that there were, on average, 3 labeled
anomalies in our data set per patient; however, as emphasized
previously, the annotated anomalies covered only UTI and
hospitalization, and our models were designed to pick up on
any anomalous activity.

The average recall, when viewed together with the total detected
anomalies, provides a holistic view of performance, as it is
easily possible to obtain a top-performing model by identifying
an extraordinarily high number of anomalies. The overall best
model is one that demonstrates high recall but a low number of
raised anomalies. It is clear that the multidimensional CMP with
equal-weighted contexts at window size=7 days, robust z=1.65,
and k=1 offers the best-balanced performance, raising only 32
alerts over a 624-day patient journey on average. ABOD yields
relatively low recall, whereas LODA and COPOD yield high
recall but with a higher number of alerts raised than our
best-performing model.
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Table 2. Model performance (N=15).

Precision,

%a
Recall (%),
mean

Anomalies raised,
mean

Patients with >33%
recall, n (%)

Model

6.285.737.814 (93)LODAb (w=7; IQR 1.2)

7.084.733.114 (93)Sum of CMPc scores (w=7; quantile 0.97)

7.084.733.114 (93)Mean of CMP scores (w=7; quantile 0.97)

7.284.332.115 (100)Equal-weighted multidimensional CMP (w=7; k=1; robust z=1.65)

5.979.136.813 (87)COPODd (w=7; quantile 0.95)

7.177.730.013 (87)ABODe (w=21; quantile 0.95)

6.276.733.714 (93)Distance-weighted multidimensional CMP (w=14; k=0; robust z=1.65)

6.869.929.112 (80)ApEnf-weighted CMP scores (w=7; quantile 0.97)

6.168.430.812 (80)Median of CMP scores (w=7; quantile 0.97)

6.565.527.710 (67)Fuzzy entropy–weighted CMP scores (w=7; quantile 0.97)

6.457.924.810 (67)Maximum of CMP scores (w=7; quantile 0.97)

aWe have mentioned previously that it is more meaningful in this context to look at relative precision across methods and not at absolute precision.
bLODA: Lightweight Online Detector of Anomalies.
cCMP: Contextual Matrix Profile.
dCOPOD: Copula-Based Outlier Detection.
eABOD: Angle-Based Outlier Detection.
fApEn: Approximate Entropy.

Digital Biomarkers
As seen previously, the multidimensional CMP for a patient
can be used to discover the important digital biomarkers of
anomalies. In Figure 8, we show the magnitude of the
contribution of significant features toward the anomaly score
across the cohort.

We discovered that early-morning (midnight to 6 AM) bathroom
activity was the single largest contributor to the anomaly score
by a wide margin, with a median value of approximately 30%
for this cohort. This validates the findings in the literature that
unusual bathroom activity is a clinically significant feature of
UTIs [12,54], which comprises three-quarters of the anomalies
in our labeled data set. Patient-level investigation showed this
to be the top biomarker for 60% (9/15) of the patients.
Late-evening (6 PM to midnight) bathroom activity also had a
contribution of 12%. Both factors correlate with sleep disruption,
which is commonly seen in people living with dementia.
Unusual bedroom and kitchen activity in the early hours of the
morning are also among the significant contributors to anomaly
scores, pointing to wandering and disturbed sleep seen in
dementia.

The multidimensional CMP also provides intuitive insights into
patient-specific anomalies. Figure 9 shows the anomaly scores
associated with 2 patients, ordered by the median anomaly score.

For patient JYN9, unusual early-morning kitchen activity was
the prime biomarker of anomalous activity, where we also see
the largest variance in anomaly scores. For patient SFAV,
unusual bedroom activity was the largest contributor to their
anomaly score. These figures indicate different anomaly patterns
in the 2 patients, presumably agitation and wandering in the
first patient and sleep disruption and shifting bedroom activity
over time in the second patient. We can envisage an anomaly
detection dashboard to provide such insight to clinicians to
enable them to target interventions as needed.

We can also use the standardized anomaly scores to look at a
cross-patient view (Figure 10), where we see the cross-cohort
variation in multivariate anomaly scores using the patients’own
optimal k-dimensional scores. It would be interesting to
investigate patient differences in relation to their cognitive
scores.
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Figure 8. Top contributing digital biomarkers of anomalies. Early-morning bathroom activity had the largest median contribution of approximately
30% to the overall anomaly score.

Figure 9. Univariate anomaly score distribution for 2 patients.
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Figure 10. Multivariate anomaly score distribution for all patients.

Discussion

Principal Findings
Early identification of anomalies in patients living with dementia
provides a window of opportunity for early intervention before
a major health event occurs. This implies improved health
outcomes, reduced health care costs, continued independence,
and better quality of life [43]. In this study, we developed an
MP-driven approach for anomaly detection and evaluated its
use in a real-world study of sensor-based remote monitoring of
people with dementia. We developed the multidimensional CMP
to model patient household activity from sensor data and used
the average Euclidean distance between activities in time
segments as the basis for generating a single anomaly score.
The CMP-based approach overcomes the issues with traditional
distance-based anomaly detection techniques, namely,
degradation because of noise, high alert rate, and identification
of local novelty. Our experiments show that multidimensional
CMP-based anomaly detection performs better than other
comparable fast, modern, exact, and parameter-free unsupervised
techniques for anomaly detection. It is well suited to real-world
remote monitoring data characterized by noise and incomplete
labeling and is additionally useful as a visual tool for operational
monitoring, also lending itself to the discovery of personalized
and cohort-wide digital biomarkers. The personalized model
for each resident comes uniquely from their own sensor data
patterns [43]. These aspects make CMP-based anomaly detection
clinically significant, interpretable, and immediately usable,
freeing up clinicians’ valuable time from having to annotate
patient activity. The CMP is domain agnostic and can be easily
extended to different types of health care data and domains. To
the best of our knowledge, our work is the first real-world use
case of CMP in health care anomaly detection.

Our experimental parameters were selected to be clinically
relevant. A context window of 3 and a subsequence length of

3 were selected for maximum granularity, noise resistance, and
suitability for anomalies such as UTI, where a 3-day pattern is
more likely to throw up anomalous behavior than a more
granular daily analysis; it typically takes 3 to 8 days for a UTI
to present [55]. The context window and subsequence length
can be easily configured to investigate anomalies at different
levels of granularity, such as 7 days, 2 weeks, or 1 month.
Similarly, we used 7-, 14-, 21-, 30-, 60-, and 90-day windows
to threshold anomaly scores. Time segments such as these follow
typical human patterns of behavior and are easily understood
by clinicians. Threshold values for IQR, robust z and
quantile-based thresholding, and entropy parameters were
chosen to mirror values widely used in the literature. The soft
buffer for label validation (−10 days to +7 days of actual
anomaly label) reflects the issue of weak labeling because of
noise and inaccuracy because of manual labeling, the time it
takes for a UTI to develop and be clinically diagnosed, and the
need to catch anomalies early. Dau and Keogh [56] used a
similar evaluation technique for weakly labeled data. We chose
ABOD, COPOD, and LODA for comparison with CMP-based
methods as they are similarly high-performing, parameter-free,
interpretable, unsupervised anomaly detection techniques
relevant to a streaming data scenario such as remote health
monitoring.

Our evaluation methods were also designed to be simple,
transparent, and clinically meaningful. A good method must
demonstrate high cross-cohort average sensitivity but also high
sensitivity for individual patients while raising minimal alerts.
Therefore, we report the overall sensitivity, patient-wise
sensitivity, average number of anomalies raised, and recall
versus anomalies raised, which provides a rounded measure of
performance. Although we report the precision for each model,
it must be noted that we only considered 2 types of labels—UTI
and hospitalization—whereas our models identify all types of
anomalies in household movement data, many of which cannot
be validated using existing labeled data. For this reason, a low
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absolute precision is to be expected, and the relative precision
offers a better indication of the cross-model performance in our
study. Moreover, the 5% alert rate is an acceptably low rate as
these alerts may have critical implications for the health of
people with dementia. This was also the approach taken by
Rantz et al [12], and our clinical care teams already conduct
weekly check-ins with the patients.

Our results show that for our top-performing models, the optimal
sliding window size for thresholding is 7 to 14 days (ie, 1-2
weeks). This makes intuitive sense as an “anomaly” regarding
human behavior can be perceived as a break in their recent
routine. This was also clinically validated in the study by Skubic
et al [43], where clinicians recommended a 2-week moving
baseline for sensor data comparison and thresholding to balance
capturing sudden and gradual health changes. A short sliding
window has the added advantage of being robust to variations
in patient characteristics and environmental conditions.
However, the ABOD technique is highly sensitive, requires
sufficient data to capture true outliers, and performs best with
a minimum look-back of 21 days. This behavior of increasing
the sample for better performance of ABOD was also validated
in the study by Domingues et al [57].

We make 3 striking observations. First, the top-performing
model in terms of balancing cohort-wide sensitivity and raised
anomalies was based on k=1 (ie, it considers only the top 2
contributing features for a patient). This implies that a reliable
anomaly detection model based on patient activity can be simple,
lightweight, easily interpretable, and generalizable. Second,
univariate models derived from combining feature-specific
CMPs via simple aggregation (ie, sum and mean of
feature-specific anomaly scores) achieve both high recall and
low volume of alerts. They are, in fact, closer in performance
to the best-performing multivariate CMP model than more
established high-performing models such as LODA, ABOD,
and COPOD and other complex ways of combining univariate
scores such as entropy-weighted scores. This shows once again
that simple, interpretable models can generalize and perform
competitively. Third, it is surprising that an equal-weighted
time segment–scoring approach achieves considerably better
recall than distance-weighted time segment scoring. We would
expect that by emphasizing more recent time segments over
past time segments, we might obtain an anomaly score that is
reflective of a true anomaly in the current time segment.
However, this appears to not be the case in this study. We aim
to explore different ways of weighting previous time segments
to confirm whether this behavior was because of the specific
distance-weighting logic used or a more general finding.

Digital biomarkers are an incredibly useful artifact of our
method. They tell us what kind of household activity was
responsible for the anomaly at a specific period. Furthermore,
looking across a patient’s timeline, we can find the single most
common activity or feature that contributed most frequently to
the anomaly score in the time segments overall (ie, a digital
biomarker of their anomalous behavior). We discovered that
cohort-wide, early-morning (midnight to 6 AM) bathroom
activity was the most common digital biomarker of anomalous
behavior (9/15, 60% of the patients), followed by late-evening
bathroom activity and early-morning bedroom and kitchen

activity. These findings quantitatively validate observational
studies of patients with dementia, where agitation, wandering
at unusual hours, and unusual bathroom activity, particularly
early-morning and late-night bathroom activity, were observed,
especially in patients with dementia experiencing a UTI
[14,20,45,46]. Finally, our method can provide a ranking of
digital biomarkers for anomalies at the time segment, patient,
and cohort levels. This outcome makes CMP-based anomaly
scoring independently useful for clinical monitoring and for
querying and validating digital biomarkers.

There are a few notable differences between this work and
existing published research based on the Minder study. First,
published works have used a variety of supervised and
semisupervised machine learning methods to detect or predict
targeted health conditions such as agitation and UTI (one study
used unsupervised learning to isolate anomalous movement
patterns via clustering). As such, the models were trained with
data from the subset of patients clinically validated to have the
specific health condition in their trajectory. In contrast, our work
evaluated a lightweight, unsupervised, and parameter-free
approach to detect general anomalies based on household
activity data. It requires no training data but is validated on data
from patients who have experienced one or more UTIs and
hospitalization events. Second, existing studies incorporate
patient physiological data and household appliance use in
addition to household activity. We currently use only household
movement data. Third, existing studies rely on either fixed
training data or periodically refreshed training data, whereas
our approach was designed to work in a streaming environment,
implying that our daily detection and alerting algorithm uses
the information in the patient timeline up to the current day.
Fourth, our algorithm is patient data driven rather than cohort
data driven. This means that we evaluate the average recall by
considering the algorithm’s performance on individual patient
data. In contrast, published work takes a cohort-wide or
patient-blind approach to assess algorithm performance. These
factors should be collectively considered when comparing our
work with other Minder-based research.

The CMP-based approach is ideally suited to anomaly detection
applications where data and labels are characterized by
real-world noise and annotated training data required for
supervised learning may not be available because of resource
constraints or in a streaming data scenario, as well as where the
distinction between normal and anomalous data is not clear-cut.
This includes sensor-based remote health monitoring in a variety
of industrial, urban, and health care settings. The CMP-based
approach excels at zooming out and focusing on temporal
patterns at configurable time scales. It is also designed with
personalization in mind, which makes it especially relevant for
health care, where patterns of similar anomalies or the same
disease can present differently in different individuals. It is ideal
for situations in which explainability is key for operational
monitoring teams.

The CMP-based approach may not be ideal for applications that
prioritize sensitivity over interpretability. It is also not the best
tool for data that have a well-defined, well-understood pattern,
such as electrocardiogram data, or where noise levels are low
or the distinction between normal and abnormal data is clearly
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understood. Finally, the CMP pipeline would need to be
augmented with feature reduction methods for it to scale to
high-dimensional data.

Limitations
A limitation of the anomaly detection method presented in this
paper is that cross-sensor correlations were not considered. This
will be investigated in future studies using interpretable machine
learning. Second, our study ignored sensor data from the front
and back doors. This omission was intentional as we were
interested in detecting anomalies arising from significant
changes in indoor household activity instead of those arising
from out-of-home situations. In addition, front door and back
door opening and closing are as of yet difficult to attribute to
the person with dementia. Third, a system to distinguish the
patient from other household members is needed to improve
the robustness of anomaly detection models based on passive
sensing. Fourth, to achieve finer granularity and lower latency
than 1 “context,” the CMP-based anomaly detection model
should be configured to ingest data hourly or at a higher
resolution than 1 day. Fifth, we assume that an anomaly in a
single time window can be deterministic of a complex health
event. However, the presence of pets and visitors could also
contribute to anomalies. To address this, we require not only a
distinction between patient and carer but also a way of
monitoring anomalies in subsequent time windows to correlate
anomalies with health changes with high confidence. Finally,
we will require a larger sample size to further validate our
approach.

Conclusions and Future Work
In this study, we developed a novel lightweight unsupervised
anomaly detection pipeline based on the CMP and evaluated it
in sensor-based remote health monitoring of patients with

dementia. We combined univariate CMP scores in novel ways,
developed the multivariate CMP, and tested it for identifying
anomalous patient days via thresholding in sliding windows.
We demonstrated CMP-based anomaly scoring to be more
effective and generalizable than other comparable methods for
unsupervised anomaly detection. Specifically, the
multidimensional CMP based on a 7-day sliding window and
using the top 2 contributing patient-specific features exhibits
84.3% recall with only 32 alerts over the average patient timeline
of 624 days. In addition, we showed how the CMP can be used
to uncover and explain digital biomarkers of anomalies at the
time segment, patient, and cohort levels. Our study of 9363 days
collected from 15 people living with dementia who had UTI
and hospitalization events in their timeline showed that unusual
bathroom activity in the early and late hours of the day is a
prominent biomarker of anomalies across our cohort. This helps
quantitatively validate observational studies of similar behavior
in patients with dementia.

Our future work will focus on the following areas: adding
physiological data to the anomaly-scoring pipeline, developing
the CMP as a tool for effective visual monitoring of patterns
and anomalies in data and accommodating other distance metrics
in addition to Euclidean distance, validating the CMP on a larger
patient cohort and different kinds of anomalies, and using
machine learning methods to use CMP-based scores to classify
different types of anomalies. We will also investigate seasonal
effects and compare our method with other relevant anomaly
detection methods. We plan to integrate our model into the
Minder platform to raise alerts when anomalies are detected to
enable the monitoring team to investigate the underlying sensor
data and offer timely intervention to patients. Alerts that are
validated as true will be recorded in the patient timeline and
used to monitor the operational accuracy of our model.
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Abstract

Background: Geriatric care professionals were forced to rapidly adopt the use of telemedicine technologies to ensure the
continuity of care for their older patients in response to the COVID-19 pandemic. However, there is little current literature that
describes how telemedicine technologies can best be used to meet the needs of geriatric care professionals in providing care to
frail older patients, their caregivers, and their families.

Objective: This study aims to identify the benefits and challenges geriatric care professionals face when using telemedicine
technologies with frail older patients, their caregivers, and their families and how to maximize the benefits of this method of
providing care.

Methods: This was a mixed methods study that recruited geriatric care professionals to complete an online survey regarding
their personal demographics and experiences with using telemedicine technologies and participate in a semistructured interview.
Interview responses were analyzed using the Consolidated Framework for Implementation Research (CFIR).

Results: Quantitative and qualitative data were obtained from 30 practicing geriatric care professionals (22, 73%, geriatricians,
5, 17%, geriatric psychiatrists, and 3, 10%, geriatric nurse practitioners) recruited from across the Greater Toronto Area. Analysis
of interview data identified 5 CFIR contextual barriers (complexity, design quality and packaging, patient needs and resources,
readiness for implementation, and culture) and 13 CFIR contextual facilitators (relative advantage, adaptability, tension for
change, available resources, access to knowledge, networks and communications, compatibility, knowledge and beliefs, self-efficacy,
champions, external agents, executing, and reflecting and evaluating). The CFIR concept of external policy and incentives was
found to be a neutral construct.

Conclusions: This is the first known study to use the CFIR to develop a comprehensive narrative to characterize the experiences
of Ontario geriatric care professionals using telemedicine technologies in providing care. Overall, telemedicine can significantly
enable most of the geriatric care that is traditionally provided in person but is less useful in providing specific aspects of geriatric
care to frail older patients, their caregivers, and their families.

(JMIR Aging 2022;5(3):e34952)   doi:10.2196/34952
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Introduction

Canada’s older population remains at the greatest risk of dying
from COVID-19, caused by the novel SARS-COV-2 virus [1].
Yet, the same public health measures being imposed to protect
this population have also posed an ongoing challenge for older
persons in accessing in-person care in a timely manner since
the beginning of the COVID-19 pandemic. In response, the
Government of Ontario’s health care system, like several others,
rapidly supported the early and widespread adoption and use
of its existing and other telemedicine technologies, including
the telephone or popular videoconferencing platforms, such as
Zoom and Skype, for health care professionals to deliver safe
and effective remote or virtual care throughout the COVID-19
pandemic [2].

For older persons, previously noted beneficial outcomes of
Ontario’s telemedicine services have included a decrease in
wait times for access to specialists [3] and a significant reduction
in emergency department (ED) admissions [4]. However, until
the beginning of the COVID-19 pandemic, there remained major
challenges that hindered the widespread adoption of
telemedicine technologies by health care professionals across
Ontario. For example, a main barrier was that prior to the
COVID-19 pandemic, Ontario physicians could only be
reimbursed for providing telemedicine services if they and their
patients were able to use the Government of Ontario’s Ontario
Telemedicine Network (OTN) secure videoconferencing
technologies to conduct patient visits [5]. Telephone-based
consultations or follow-up were not reimbursable in general for
Ontario physicians, except for geriatricians when providing
caregiver advice and support to one of their established patients.
Furthermore, another main barrier was that acquiring the
required communication technologies to enable secure
videoconferencing via telemedicine could be expensive for both
patients, their caregivers and families, health care professionals,
and their organizations, although this was becoming less of an
issue in recent years with the greater availability of secure
web-based communication technologies using standard computer
equipment. Indeed, many older persons, their caregivers, and
their families might also not be able to access the technology
needed to use telemedicine services [6]. In addition, many older
persons with cognitive and sensory impairments need to rely
on health care professionals or unpaid caregivers and family
members to assist with or manage the technology [6]. This is a
particular concern for those who are homebound or live in
isolation, as they may not readily have access to the level of
health care professionals or caregiver support necessary for
accessing telemedicine technology-enabled supports [7].
Nevertheless, evaluations of Ontario telemedicine programs,
prior to the COVID-19 pandemic, have demonstrated high
satisfaction among older patient users [3,6,8-11].

Despite positive reported patient outcomes, there remain gaps
in the current literature on whether the use of telemedicine
technologies can adequately meet the needs of Ontario geriatric
care professionals to facilitate the delivery of the range of care
they provide. Many observed findings from previous evaluations
of Ontario telemedicine programs have reflected the needs of
patients and program stakeholders specific to individual

conditions, such as telehomecare for older patients with chronic
obstructive pulmonary disease (COPD) and heart failure [6], or
more specific geographical needs, such as the provision of
geriatric medicine and psychiatry outreach clinics to rural and
remote communities [9]. Meanwhile, the complexities that
geriatric care professionals in Ontario typically manage using
a holistic in-person approach that assesses the complex and
often interrelated health and social issues experienced by their
older patients have not been addressed through prior studies
examining the use of telemedicine technologies.

Another issue is that many of the existing Ontario telemedicine
programs have tended to target older persons who were more
able-bodied, and have often excluded the more vulnerable, older
persons with complex conditions [6,12,13]. In particular, health
care professionals did not see the benefit of using telemedicine
technologies with older persons with physical and cognitive
impairments, as they were concerned that this older subgroup
of patients could not keep up with the unique demands a remote
consultation requires [6,14,15]. However, the exclusion of this
subgroup in prior studies has only served to pose a greater
challenge for geriatric care professionals in assessing their
ability to transition to using telemedicine, particularly with their
older patients with complex conditions [16].

At the outset of the COVID-19 pandemic, Ontario geriatric care
professionals could not be as selective with their older patients
regarding how best to care for them under existing public health
measures, including when lockdowns and other restricted
visiting orders were enacted and there was a general fear of the
possible consequences that could befall older patients with
complex conditions seeking nonemergent health care services.
Ironically, all these factors could further promote physical and
social isolation that increase the risk of worsening functional
decline and mental health issues that could actually result in
more ED visits and acute hospital admissions [15,17].

Existing telemedicine research also has not addressed how best
to facilitate and support the level of care that Ontario geriatric
care professionals aim to provide. The current literature indicates
that virtual care visits require various ongoing background
coordination supports, such as patient data management, patient
care monitoring, and facilitation of communications between
health care staff involved in care planning [6,15,18]. In addition,
telemedicine technologies have often been associated with a
limited ability to perform a physical exam [19,20] and a
difficulty in observing verbal and nonverbal cues that could
impact establishing reliable diagnoses [19,21]. Therefore, the
consulting health care professional has often needed to rely on
a health care facilitator, whenever possible, who would be on
the premises with the patient (eg, a local physician or nurse),
as their support, which has been seen as crucial for an effective
remote visit [15]. However, in the current COVID-19 pandemic
paradigm, consulting health care professionals have also had
to serve as facilitators, managing all aspects of the telemedicine
visit unless there was a family member, caregiver, or health
care professional present to assist with a visit.

Therefore, this study aims to determine the benefits and
challenges Ontario geriatric care professionals have faced in
using telemedicine technologies to provide routine consultations
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and follow-up care to their older patients with complex needs,
their families, and their caregivers, as well as the conditions
under which this method proves to be or not be an effective way
to provide care. Moreover, identifying frontline benefits and
challenges would also provide new learning opportunities for
geriatric care professionals across different health care settings
and regions in the use of telemedicine technologies [22], which
is still a novel approach in the practice of geriatric medicine
[13].

Methods

Study Design
This was a mixed methods study that included the following:
(1) a survey that inquired about the demographic information
of participating geriatric care professionals, their experience,
and current satisfaction with the use of telemedicine
technologies to provide care to their older patients and their
caregivers and (2) a semistructured interview that reflected the
objective of the study but also allowed participants to freely
express their additional perspectives about the use of
telemedicine technologies to provide care. Please see the
Multimedia Appendix 1 for the semistructured interview guide.

The Consolidated Framework for Implementation Research
(CFIR) was used to assess the barriers and facilitators toward
providing care with telemedicine technologies identified in the
semistructured interviews. The CFIR was identified as an
appropriate methodological framework for providing a
comprehensive evaluation of the barriers and facilitators in the
implementation of health care technologies across multiple
contexts [16,23,24]. The CFIR consists of 5 domains:
intervention characteristics, outer setting, inner setting,
individual characteristics, and the process of implementation
[24]. Within each domain, there are various constructs that guide
users to identify barriers and facilitators that impact
implementation [24].

Participants
This study targeted geriatric care professionals who use
telemedicine technologies with older patients, their caregivers,
and their family members in an outpatient setting to provide
routine consultations and follow-up care. The geriatric care

professionals were recruited through the Divisions of Geriatric
Medicine and Geriatric Psychiatry at the University of Toronto,
Canada, and the local Regional Geriatric Program of Toronto
between January and April 2021.

A total of 30 geriatric care professionals representing the fields
of geriatric medicine, geriatric psychiatry, and geriatric nursing
were invited to the survey and participated in a semistructured
interview. These geriatric care professionals work in geriatric
outpatient clinics that often do not use allied health care workers.

Ethical Considerations
Participants provided either written informed consent or
audio-recorded oral consent. The study protocol was approved
by the Toronto Metropolitan University Research Ethics Board
(#2020-513-1).

Data Analysis
The Statistical Package for the Social Sciences (SPSS; IBM
Corporation) was used to analyze the survey responses and
determine participant characteristics. A deductive thematic
approach to analysis was used to analyze the semistructured
interviews. Authors WC and AF independently coded the
transcripts using the codebook based on the CFIR constructs
[24], which was modified to reflect the local geriatric care
professionals’ practice. NVivo (March 2020 release; QSR
International) was used to facilitate the coding process.
Following a codebook helped to minimize coding differences,
and weekly discussions were held to resolve coding differences.

Results

Participant Characteristics
Of the 30 participants, 22 (73%) were geriatric medicine
specialists or geriatricians, 5 (17%) were geriatric psychiatrists,
and 3 (10%) were geriatric nurse practitioners. In addition, 28
(93%) participants completed both the survey and the
semistructured interview. The survey results of 2 (7%)
participants were not collected due to personal choice or
technical difficulties. Tables 1 and 2 provide a detailed overview
of the participant characteristics and satisfaction with
telemedicine use, respectively, from the 28 completed surveys.
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Table 1. Participant characteristics (N=28).

ParticipantsaParticipant characteristics

44 (30-74)Age (years), mean (range)

Genderb, n (%)

15 (54)Woman

12 (43)Man

Clinical profession, n (%)

26 (93)Doctor of medicine (MD)

2 (7)Nurse practitioner (NP)c

Medical discipline, n (%)

23 (82)Geriatrics

5 (18)Geriatric psychiatry

Years of professional experience, n (%)

6 (21)Less than 3 years

10 (36)4-10 years

12 (43)More than 10 years

Patient setting, n (%)

25 (89)Outpatient

3 (11)Otherd

Used telemedicine prior to COVID-19, n (%)

13 (46)Yes

15 (54)No

Experience with telemedicine, n (%)

2 (7)3-6 months

15 (54)6 months-1 year

11 (39)More than 1 year

Frequency of telemedicine use, n (%)

1 (4)Rarely

5 (18)Sometimes

20 (71)Often

2 (7)Always

Types of telemedicine platforms, n (%)

5 (18)OTNe videoconferencing

4 (14)Zoom/Skype/Google Hangouts/Facetime

19 (68)Combination of telemedicine platformsf

aThe survey results of 2 participants were not collected, 1 participant declined to complete the survey, and 1 participant’s survey was not collected due
to technical difficulties.
bOne participant did not provide gender information.
cBoth nurse practitioners practiced in a geriatric medicine setting.
dThe “Other” setting included a combination of an outpatient setting, long-term care homes, and supportive housing.
eOTN: Ontario Telemedicine Network.
fThe combination of telemedicine platforms included Zoom, the OTN, email, telephone WebEx, Facebook Messenger, Microsoft Teams, electronic
medical record (EMR)-based applications, WhatsApp, and Facetime.
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Table 2. Geriatric care professional telemedicine satisfaction survey (N=28).

Strongly agree, n
(%)

Agree, n (%)Neutral, n (%)Disagree, n (%)Strongly disagree, n
(%)

Questions

9 (32)10 (36)5 (18)4 (14)01. Telemedicine can increase my productivity in de-
livering patient care.

4 (14)16 (57)4 (14)3 (11)1 (4)2. My patients provide me with sufficient information
about their comorbidities using telemedicine.

3 (11)16 (57)1 (4)8 (29)03. I can conduct a comprehensive geriatric assessment

using telemedicinea.

1 (4)12 (43)4 (14)10 (36)1 (4)4. Telemedicine services do not require a lot of

training to usea.

4 (14)17 (61)2 (7)4 (14)1 (4)5. Telemedicine services are compatible with the
existing clinical workflow.

08 (29)5 (18)12 (43)3 (11)6. Teleconsultation is as effective as an in-person

consultationa.

05 (21)10 (36)10 (36)2 (7)7. My older patients can easily communicate with
me using telemedicine.

4 (14)18 (64)5 (18)1 (4)08. I can engage with my patients, their families, and
their caregivers about treatment plans using
telemedicine.

9 (36)14 (50)2 (7)2 (7)09. I would continue to use telemedicine to care for
my older patients beyond the pandemic.

3 (11)17 (61)6 (21)2 (7)010. Overall, I am satisfied with using telemedicine
with older patients.

aThe percentages do not add up to 100% due to rounding.

Barriers to and Facilitators of Telemedicine Use
Table 3 details the barriers and facilitators associated with the
implementation of telemedicine in geriatric care practice. Only

relevant key constructs identified within the 5 CFIR domains
are discussed herein.
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Table 3. Adapted CFIRa operational codes.

Facilitator/barrierOperational definitionbDomains and constructs

I. Intervention characteristics

FacilitatorPerception of geriatric care professionals seeing virtual care visits as an ad-
vantage versus in-person consultations

Relative advantage

FacilitatorThe degree to which the virtual care visit was tailored to meet the needs of
geriatric care professionals

Adaptability

BarrierPerceived complexity of how virtual care assessments compared to in-person
assessments

Complexity

BarrierPerceived quality of telemedicine platforms and how the innovation is bundled
and presented

Design quality and packaging

II. Outer setting

NeutralBroad constructs on government policies, such as confidentiality issues/con-
sent with older patients, as well as discussions about how to bill for virtual
care visits (consults via telephone, text messages, or videoconferencing)

External policy and incentives

BarrierThe degree to which the needs of older patients with complex needs, their
caregivers, and their families are accurately known and prioritized during
virtual care visits

Patient needs and resources

III. Inner setting

FacilitatorThe quality of information derived from fellow colleagues, caregivers, fami-

lies, and local EMRc systems to develop collateral history regarding older
patients with complex needs

Networks and communications

BarrierNorms, values, and basic assumptions of geriatric care professionals toward
telemedicine use prior to the COVID-19 pandemic

Culture

FacilitatorThe degree of willingness to transition to telemedicine useImplementation climate: tension for change

FacilitatorThe degree of tangible fit between meaning and values attached to virtual
care visits, how those align with the geriatric care professionals’ own norms,
values, and perceived risks and needs, and how virtual care visits fit into the
existing workflow and systems

Implementation climate: compatibility

BarrierGeriatric care professionals’ readiness to implement virtual care visitsReadiness for implementation

FacilitatorEase of access to training and support provided on how to conduct virtual
visits

Readiness for implementation: access to
knowledge and information

FacilitatorThe level of resources provided for telemedicine use, including technological
infrastructure, dedicated clinic space to conduct virtual care visits, and edu-
cational guidance

Readiness for implementation: available re-
sources

IV. Individual characteristics

FacilitatorGeriatric care professionals' attitudes toward the values placed on virtual
care, as well as familiarity with facts, truths, and principles related to
telemedicine technologies

Knowledge and beliefs about the intervention

FacilitatorGeriatric care professionals' beliefs in their own capabilities in using
telemedicine technologies with older patients, their caregivers, and their
families

Self-efficacy

V. Implementation process

FacilitatorIndividuals who drove the implementation of virtual care visits forwardEngaging: champions

FacilitatorOutside individuals who formally influenced or facilitated virtual care visit
decisions in a desirable direction

Engaging: external change agents

FacilitatorCarrying out and accomplishing tasks during care visitsExecuting

FacilitatorQuantitative and qualitative feedback on progress and quality to enhance
virtual care visits

Reflecting and evaluating

aCFIR: Consolidated Framework for Implementation Research.
bThe operational definitions of the constructs are adapted to reflect the geriatric care professionals’ experiences.
cEMR: electronic medical record.
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Domain I: Intervention Characteristics

Relative Advantage
Using telemedicine technologies increased access to older
patients who were homebound, were reluctant to come in due
to COVID-19, or lived in remote areas. Many geriatric care
professionals perceived that virtual care visits allowed older
patients the convenience to receive care in their own homes
without the hassle of traveling. Older patients who were
previously “no shows” for their appointments were also more
likely to be reached. Virtual care visits also provided greater
schedule flexibility for geriatric care professionals to
accommodate the schedules of their older patients, their
caregivers, and their families more easily.

I started with this idea that there are certain patients,
maybe like homebound people, who would be very
difficult for them to come into clinic. And so, these
kinds of people, I can provide service to who I
wouldn't have been able to otherwise. Patients who
are [reticent] to be in person because of the pandemic
would feel comfortable that way. You know…there
are some people who I would not have been able to
evaluate if it were not for virtual meet means.
[Geriatric care professional 1]

I think one thing is because it works so well for their
schedule, for their lives. Now that they can call, they
can maybe work in the morning, and then they have
a break from like, say, 10 to 11…So, we've had a lot
more people just working the same day, but they had
a break, or they took an hour off work, and they were
able to just do the Zoom or the virtual, and then it
worked out quite well. So yeah, I think for families
and for caregivers, it was definitely a convenience.
[Geriatric care professional 26]

Adaptability
Many statements revealed that geriatric care professionals found
ways to adapt their assessments virtually. Adapted methods
included having the family members or caregivers assist patients
in conducting tests, developing different backup communication
plans, using modified clinical assessment tools, or collecting
more information that was presently available.

Often what I was doing with the family members’
assistance was just asking them to test strength. So,
asking the [patient to] put their hands up, and then
having the family member just press down and tell
me is there resistance there, or do they just collapse?
And oftentimes, I can see that over the video if they
just collapse. So those are kind of the things that we
would collect over video. [Geriatric care professional
15]

I surprised myself that you can actually do geriatric
psychiatry for the most part, on a video, and/or a
telephone, which is about half my patients who do
not have a computer. And maybe another 10% who
don't know how to use it when they own it, and so, I
conduct at least half of my interviews by telephone
rather than video. [Geriatric psychiatrist 17]

And then when we come to the physical exam, then…I
would mute the OTN, so there's no feedback, and I
would talk to [the patient] on the phone and watch
them on the video. So, there's a lot of creativity that
needs to happen in order to make these things go
smoothly when, and not all the elderly people have a
younger person, like a family member, who can
physically go and help them get online. [Geriatric
care professional 20]

The cognitive piece, we have several tools, which can
be administered virtually, like [the] MoCA [Montreal
Cognitive Assessment], sharing the screen on Zoom,
and you can guide people through the virtual exam.
Even on the telephone, there are there are ways of
doing certain [parts] of the mental status exams…you
can certainly assess for depression because you ask
people questions about that. [Geriatric care
professional 13]

So, what I've been doing is even more detailed
functional history, particularly focusing on what can
you do, but how has it changed over the last 6 months
and things like that to see if there's a progressive
nature, which I think is sort of a…you know, that's
what we're worried about with cognitive decline is
that there's going to be functional decline. So, I have
substituted in the virtual platform [a] more detailed,
functional history instead of doing [a] detailed
cognitive history. [Geriatric care professional 5]

Complexity
The complexities of using telemedicine technologies with older
patients, their caregivers, and their families was an evident
barrier. Geriatric care professionals discussed the following
challenges: (1) navigating the transition from in-person
consultations to virtual care; (2) establishing interpersonal
connections with their patients for new consults; (3) difficulty
conducting comprehensive geriatric assessments (CGAs),
especially the physical exam component; (4) engaging with
older patients with sensory or cognitive impairments or
behavioral issues; and (5) gathering sufficient collateral
information from caregivers, families, or information systems.

So initially, our nurses and even our admin, in terms
of booking, there have been concerns about, well,
who are we supposed to be emailing? Who are we
calling? And trying to make sure we have all the right
players in place because we can't see Power of
Attorney documents. We need to be making decisions
regarding the [institutional] hierarchy. We don't know
all of that stuff up front. [Geriatric care professional
1]

Part of medicine is the patient interaction, the
physical exam, seeing how the person walks and
moves and talks. That is one element that is missing
is you cannot examine the patient beyond the very,
very basic exam. Even the cognitive paper exams are
limited. So, all of that needs to be taken very much
into account. Certain assessments are just not going
to be possible...are not going to be as accurate
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because of that absence. [Geriatric care professional
4]

The problem of course is not all doctors’ files are
available there. And none of the family doctors that
I know of have any of their notes available on
Connecting Ontario. So, you miss that real
background importance that family doctors have.
[Geriatric care professional 5]

The other kind of major area or barrier is that sensory
impairments like hearing impairment or visual
impairments certainly were barriers. And patients
with cognitive impairment…it’s already, like, it's an
unfamiliar person, potentially, especially for a new
consult. And it's a sort of disembodied head, like over
the screen, and they sort of don't necessarily know
what's going on. And so that was a little bit more
difficult to establish rapport. [Geriatric care
professional 8]

Again, if patients are very cognitively impaired, they
tend not to understand what's happening. I had one
lady who, like, was literally running away from the
staff member with the camera because she was quite
paranoid, and she thought she was being filmed and
she was kind of covering her face. [Geriatric
psychiatrist 25]

The biggest challenge is actually building a human
connection with the patient. So, that's been very
difficult; especially we have a lot of new consults,
and we're trying to bring as few people into the
hospital as possible. So, they hear my voice. They will
sometimes see me on video, and then same with our
nurse practitioners and our occupational therapist
in [the] clinic. But, it's not the same. So, they don't
get that same kind of connection. You don't build those
same bonds. [Geriatric care professional 19]

Design Quality and Packaging
Geriatric care professionals used a variety of videoconferencing
platforms and the telephone to conduct virtual care. However,
many statements revealed that connectivity issues were often
still a barrier for both geriatric care professionals and their older
patients in using videoconferencing platforms.

Regarding the types of telemedicine technologies, many
statements indicated a preference for videoconferencing over
telephone communications as the geriatric care professionals
could see their older patients and their living environments.
Many statements also revealed that geriatric care professionals
would like videoconferencing platforms to have the ability to
facilitate more interactions with their older patients. However,
some indicated their older patients preferred telephone
communications. In addition, some found that their older
patients with hearing impairments could hear better since there
was the ability to adjust volume. Few geriatric care professionals
indicated they used email communications or text messages
with their older patients.

So, I think the connectivity has been a major issue.
So oftentimes, you'll lose audio or things are so

delayed, that it's really a barrier to communicating
with the individual on the other side. [Geriatric care
professional 1]

Like it would be actually, really nice to have some
sort of digital interface where I could write something
on the screen, and they could like circle it, or I can
show them the cognitive testing on the screen, and
they could like draw it on the screen. So, there's a bit
more interaction. [Geriatric care professional 15]

The only thing we can do with them is telephone, okay
with this, which is quite suboptimal because you can't
actually see how they're doing. And they will just tell
you whatever. And the patients don't know to report
certain symptoms that may be concerning on the
telephone, whereas, like, if you have a visual of the
patient, you're more likely to not miss something, for
example. [Geriatric care professional 20]

So, to meet somebody new and to be spilling out your
guts when you don't see the person, I think it is very
hard. I think that is why in those cases, the video is
really, really important. [Geriatric psychiatrist 17]

Domain II: Outer Setting

External Policy and Incentives
Confidentiality and the security of networks were not a major
concern for geriatric care professionals. Several geriatric care
professionals questioned the future payment model and
discussed the need for more guidance on the billing process for
virtual visits.

So, there is a statement that we use from OMA
[Ontario Medical Association]. So, we read that out
to [the patient], or I usually send it to [the patient]
by email. And I then document that in my consult note
that your consent was reviewed and accepted.
[Geriatric care professional 7]

And unless the government is prepared to pay a hell
of a lot more for the geriatricians’ time, or, and can
continue with these billing codes that they have
suddenly sprung up. [Geriatric care professional 13]

I do think that if you're going to have a certain
service, and meet a certain standard, then be
reimbursed at a certain level because there are
medical legal implications as well as providing
appropriate service. We have to be very clear on what
we can and cannot provide, and what we should [and]
should not be reimbursed for. [Geriatric care
professional 28]

Patient Needs and Resources
Many statements revealed that telemedicine visits are more
effective if the patient has their own monitoring devices that
could provide clinical health information, such as vital signs,
and a caregiver, family member, or health professional to assist
the patient during the visit. However, many expressed concerns
about the support and available resources for their older patients
to use telemedicine. Several also expressed concerns about the
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health and technology literacy of their older patients and
caregivers.

So, blood pressure, usually I can get by because most
families will have a blood pressure machine at home,
which I recommend they bring with them so that
they're able to do that for me virtually. [Geriatric care
professional 3]

I think a huge portion of the people I saw had
caregivers who were helping navigate this, and, and
the few that didn't, like some of them were able to,
but those were the less impaired. The more impaired
who weren't able to, if we didn't have nurses who
were able to go there to support them to get onto the
video call, there'd be no way. [Geriatric care
professional 15]

The big thing is that you are missing a lot of people
that you don't even know, like all those who don't have
technology, or all the people that may live in public
housing, that are poor…those are individuals who
probably would have come to the hospital, but who
don't have the web; who don't have the iPhones, or
iPads or, or, high technology, and we're missing them.
[Geriatric care professional 13]

People who are more health literate, and more
technology literate, and have reasonable education,
of course, those are moderately correlated with each
other, are probably the best ones to be able to do the
televisits with ideally…if they don't have a caregiver
and they live alone and they are cognitively impaired
or they don't speak English fluently…they are [the]
ones that I think would be less well served by
telemedicine. [Geriatric care professional 28]

Domain III: Inner Setting

Networks and Communications
Many statements revealed geriatric care professionals relied on
quality collateral information (eg, patient medical history)
derived from their older patients’ caregivers, families, referring
physicians, local team members, and electronic medical record
(EMR) systems.

I think that in the nature of how geriatrics sort of
works in general, you can get a lot of information just
from, sort of, descriptive, you know, scenarios and,
sort of, gaining that information, enough to make
significant changes and significant improvements.
And even though it would not be perfect, I find that
that there is still a lot of good work that can be done.
[Geriatric care professional 10]

Then, you mentioned the medication compliance. So
that's where collateral is really important. So, we
really rely on family and caregivers to tell us that,
you know, the blister pack…they're pretty reliable
with it…or I came by the other day, and there's three
days of missing meds. So, we can't physically see the
blister pack but except for video. Actually, if they have
video, sometimes we do have them show it to us. But
usually, the collateral there can help verify that, I

think, almost just as well as if we were there in
person. [Geriatric care professional 19]

Culture
Prior to the COVID-19 pandemic, using telemedicine
technologies was not the norm for geriatric care professionals.
Geriatric care professionals preferred to be on-site with their
patients and fellow colleagues.

I had historically rejected participating in the Ontario
Telemedicine Network. I just wasn't interested. It was
a variation on home visits from my viewpoint. And I
prefer to sit and do what I did, which was see the
person with their family, have that direct interaction,
and proceed from there. [Geriatric care professional
11]

Implementation Climate
This construct was broken into two subconstructs: tension for
change and compatibility.

Tension for Change

The rapid implementation of telemedicine technologies by
geriatric care professionals across Ontario was due to the
COVID-19 pandemic.

Now when COVID hit, I had no choice, and we all
went virtually. [Geriatric care professional 10]

Compatibility

Many geriatric care professionals perceived that telemedicine
technologies are highly compatible for addressing polypharmacy
issues, effectively conducting follow-up care, and inquiring
about patient medical histories. Geriatric psychiatrists found
telemedicine technologies to be compatible with their clinical
practice.

And so often, I think it's good for maybe follow-ups
where, especially if it's a complex case, good to see
the person in person. But then, if you just want to
follow up and see how the pain is, see how they're
doing cognitively, then you can do that very
comfortably virtually. [Geriatric care professional 4]

So, one of the big issues that older adults often face
is polypharmacy, and with, like, video chatting, audio
chatting, we were still able to review their
medications, review the indications, side effects, what
issues they were having, whether it was timing, being
in bottles, it's not blister-packed. That was a big piece
of a lot of the assessments or is still a big piece of a
lot of the assessments. So, that was very, very helpful
to still be able to do that part of the assessment.
[Geriatric care professional 15]

And I think it might be very different if you're geriatric
physician, who [deals] with a physical problem, as
opposed to a psychiatrist, where most of the
[problems] we deal with are mental or psychological
and, therefore, can be assessed by questions.
[Geriatric psychiatrist 14]
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Readiness for Implementation
Many geriatric care professionals found the transition to virtual
care visits was unexpected and sudden. However, a few
statements also revealed that those who had previous experience
with telemedicine use found the transition to be smooth.

I've already started using that in my training at
[Medical Institution] before transitioning into
practice. So, it wasn't a big transition for me, and I
find it pretty easy to use. [Geriatric care professional
3]

The training and my comfort in terms of making
assessments in person that had been honed, both
consciously and subconsciously, over 20 years, [have]
now been abruptly changed to filter through a screen.
[Geriatric care professional 12]

This construct was also broken down into two subconstructs:
available resources and access to knowledge.

Access to Knowledge

Several geriatric care professionals indicated they could adopt
the training on telemedicine into their clinical practice, but there
was still a learning curve.

Most of the session was talking about how challenging
it is, which we all knew, it was very
challenging…Some of the cognitive assessment ideas
we got from that part of the workshop and
incorporated them and just kind of adopted it from
there. [Geriatric care professional 6]

I think there were opportunities by OMA. There were
webinars. And so yes, if somebody really needed to
learn it or had questions, I think there were
opportunities available for them. But of course, you
had to do your work. There was a learning curve. You
need to get used to it. [Geriatric care professional 7]

Available Resources

Many geriatric care professionals had available resources and
support for using communication infrastructure, standardized
clinical assessment tools, and training on virtual care. A few
did not initially have infrastructure available to them.

We did have the appropriate support in our hospital
for OTN connections. We did have appropriate
support in the hospital to provide the technical
support to be able to do all of this, telemedicine from
home actually, from my office, which currently is at
home. And this was very helpful. [Geriatric care
professional 2]

Domain IV: Individual Characteristics

Knowledge and Beliefs About the Intervention
Many geriatric care professionals perceived that virtual care
visits will be incorporated into their clinical practice in the future
due to their benefits in reaching their older patients.

I think that there's definitely some of the benefits that
I think are helpful…is that we have more options now.
I think that it'll sort of carry over. I think,

post–COVID, of having sort of the options to have
different pathways to see our patients. If for whatever
reason people can't come in, then our options were
home-visiting teams, or things like that, that may have
[been much] more limited in the sense of [a] longer
waitlist. So, I think that that benefited that
accessibility. [Geriatric care professional 10]

Self-Efficacy
Many geriatric care professionals were confident in using
telemedicine technologies to meet the care needs of their older
patients with complex conditions, their caregivers, and their
families. However, some were still apprehensive about their
ability to conduct care virtually.

But like, I'd say, like 90% of the encounters, I was
pretty satisfied with that I had achieved kind of the
same level of assessment that I would have
otherwise.[Geriatric care professional 8]

And so aside from accuracy of diagnosis, I wonder if
my therapeutic presence, which can be hard to
quantify, is lost over a virtual platform? Or does the
individual feel the same degree of therapeutic
presence with an office virtual assessment? [Geriatric
care professional 12]

Domain V: Implementation Process

Engaging
This construct was broken down into two subconstructs:
champions and external change agents.

Champions and External Change Agents

Several statements indicated that having a champion in the team
or an external role model helped facilitate the implementation
of telemedicine technologies.

We, as a clinic, were very lucky to have a clinician,
which was just on top of all of these new changes,
and [were] able to switch from seeing patients in
person to telemedicine. [Geriatric care professional
2]

Executing
Several geriatric care professionals found that they were more
efficient with time during the virtual care visit, but it did not
increase their patient capacity. Some statements revealed that
there was additional follow-up work required with telemedicine
use, especially if the older patient needed to be followed up in
person.

When you're in [an in-person] clinic situation, the
nurse or someone is going pop their head in and say,
“[Doctor], the next patient is waiting.” In a virtual,
I've no one managing my time aside from me. So, I
am much more efficient. If I have a 30-minute
telephone assessment, I'm out at 30…because
historically, I would gauge my time, and it was just
about it. [Geriatric care professional 11]

But, I guess the biggest increase to workload is that
if I determine that we need to, I need to, see them,
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then it's another visit soon afterwards. And oftentimes,
it's a home visit. And yeah, that adds time. [Geriatric
care professional 6]

Reflecting and Evaluating
Several statements revealed that geriatric care professionals
would frequently reconvene with their clinical teams or peers
to evaluate their experiences with telemedicine use.

And we would also meet with the RGP, which is the
Regional Geriatric Program. And it was weekly
meetings to kind of discuss what's working, what's
not working. How are you guys using your referral
forms? How are you generating email addresses? So,
it was a lot of communication within the city,
interestingly enough, to actually get these programs
up and going. And it was cool because it was great
to get those perspectives from interdisciplinary teams.
I think that was the most important piece, that it was
all members, so physician, administrative assistant,
nurse practitioner, OT, PT, everybody was feeling it.
So, we all had to sort of pitch in and collaborate.
[Geriatric care professional 23]

Discussion

Principal Findings
In this study, the CFIR was used to develop a comprehensive
narrative of the current experiences of geriatric care
professionals in routinely using telemedicine technologies in
Ontario in the light of the COVID-19 pandemic. Although 5
barriers and 1 neutral construct were identified, so too were 13
facilitators.

This mixed methods study adds to the growing literature on the
use of telemedicine to provide geriatric care before and during
the COVID-19 pandemic, and we found similar findings to
other recent studies that also explored geriatric care professional
experiences with the use of telemedicine during the COVID-19
pandemic [22,25-29]. The ubiquitous transition to using
telemedicine in the provision of geriatric care was uniformly
driven by the COVID-19 pandemic. Geriatric care professionals
faced an initial learning curve as they learned to incorporate
telemedicine technologies into their routine clinical practices.
However, for geriatric psychiatrists specifically, there was a
more seamless transition to virtual care due to the nature of their
clinical practice that has always been more amenable to the use
of telemedicine technologies, which differs from geriatricians
and geriatric nurse practitioners. For example, the physical
examination is usually not necessary to complete a psychiatric
assessment [30,31]. Meanwhile, the main challenge for geriatric
psychiatrists was using telemedicine technologies with older
patients with severe cognitive impairment. In a systematic
review on telemedicine and dementia, Sekhon et al [15] had
identified that in-person consultations are more appropriate for
this subset of older patients with complex conditions.

Our study findings also raised additional unique insights being
experienced by Ontario geriatric care professionals. Notably,
our study was able to explore the range of strategies adopted
by Ontario geriatric care professionals to complete their clinical

assessments virtually, whereas other recent studies have largely
focused on navigating the technological aspect of telemedicine
use to overcome barriers [22,26]. As noted in Adaptability,
Ontario geriatric care professionals quickly adopted the use of
validated clinical tools that could enable them to virtually
conduct their assessments or better prioritize assessment
components when certain aspects were hindered by the
challenges in using telemedicine technologies. Thus, with regard
to improving telemedicine technologies to facilitate the more
effective provision of geriatric care, Ontario geriatric care
professionals would like videoconferencing platforms to have
the ability to facilitate more interactions with their older patients,
such as the capability to see how their older patients complete
the actual written exercises in the validated clinical tools they
use. Observing how their older patients actually complete these
exercises, such as drawing a picture or connecting dots, provides
important insights for the geriatric care professionals regarding
the physical and cognitive abilities of their older patients.
Another notable finding to support overcoming identified
barriers was around the role of collateral information derived
from caregivers, friends, family members, referring colleagues,
and EMR systems. The responses of our study participants
illuminated the importance of collateral information, as
discussed in the Networks and Communications construct which
played a crucial role across the whole implementation process
in the virtual delivery of care. However, gathering sufficient
collateral information was a complexity for our study
participants, while Watt et al [28], in a recent study, had found
that the persistent need to collect collateral information is a
complexity for virtual care. Nevertheless, collateral information
helps provide a comprehensive overview of the patient’s medical
and social history for geriatric care professionals without
needing to see the patient in person to derive this. Furthermore,
linkable EMR data were associated with more opportunities for
understanding the patient journey through the care continuum
[32]. Hence, geriatric care professionals were often still able to
make effective clinical decisions virtually for their older patients
when given sufficient collateral information that helped
compensate for the other factors that can limit the usefulness
of telemedicine. Watt et al [28] had also indicated that geriatric
care professionals found collateral history to be particularly
useful for telephone assessments in which visual assessment
was not possible.

Due to the inherent challenges that exist in using telemedicine
technologies, the Compatibility construct revealed a consensus
from the responses of study participants that the role of
telemedicine technology for Ontario geriatric care professionals
was more appropriate for follow-up visits. Participants reasoned
that follow-up visits do not require as comprehensive
assessments as an initial consultation that would likely have
components that benefit from an in-person assessment, such as
a physical examination or certain cognitive tests. This aligns
with findings by Watt et al [28] and studies that have evaluated
physicians’ experiences in telehealth visits with older patients
in the context of US practice [26,29].

Regarding the observed perceptions of patient needs and
resources, the responses of this study’s participants echoed
concerns around the “digital divide,” which continues to be a
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major barrier for older persons to using telemedicine
technologies in Ontario [8,25,26,33]. In particular, their
responses revealed important necessary aspects for an effective
virtual care visit to take place without the assistance of a health
care facilitator present with their older patients. Many of our
study participants had indicated that their older patients often
relied on the presence of a caregiver or a family member to
access the communication technology and to manage the virtual
care visit. This is also supported in recent studies in which
primary care physicians found the assistance of family members
and caregivers to be helpful in the facilitation of the telehealth
visit for their older patients [22,29]. Additionally, our study
found that the visits were even more effective for older patients
who had monitoring devices that could provide basic health
information, but not all older patients owned these devices.
However, the varied level of health and technology literacy of
their older patients and their caregivers or family members posed
challenges for the ability of geriatric care professionals to collect
information for their clinical assessments virtually.

The responses of our study participants suggest that there exist
three necessary aspects to achieve an effective virtual care visit
for both geriatric care professionals and their older patients: (1)
access to the telemedicine visit–enabling technology
(smartphones, tablets, computers, or telephone); (2) access to
health-monitoring equipment to provide basic health
information, such as blood pressure monitors; and (3)
appropriate health and technology literacy amongst older
patients and their caregivers or family members. Essentially,
older patients or their caregiver or family member would need
to assume the traditional role of the on-site health care facilitator.
The reality, however, is that only a certain portion of older
Ontarians have the means and ability to support the effective
use of telemedicine services. It is less likely for older persons
to use telemedicine technologies if they lack confidence with
using related technologies [11,22,26] or to receive virtual care
visits via videoconferencing if their caregivers could not be
present [34]. Recent studies also indicate that older persons at
the lower end of the socioeconomic spectrum are often
overlooked as they lack equitable access to the appropriate
resources and support to facilitate virtual care visits [25,26,35],
and geriatric care professionals have observed worsening of
this disparity during the COVID-19 pandemic [25]. This is
important to note since a main purpose of telemedicine
technologies is to bridge the gap in care accessibility for older
persons who live in low-resource settings [36].

Lastly, an important consideration is how evolving policies and
incentives could fundamentally change the landscape for
providing virtual care visits in Ontario. As discussed in the
External Policy and Incentives section, our study’s geriatric
care professionals raised concerns, including around the
ambiguity about future billing processes for the provision of
virtual care visits. Although the Government of Ontario quickly
implemented temporary billing codes and guidelines to facilitate
the provision of virtual care visits at the start of the COVID-19
pandemic [37], the future funding model for virtual care visits
in Ontario will largely reflect the recent impact on the use of
telemedicine technologies due to the COVID-19 pandemic
[2,26]. If Ontario geriatric care professionals continue to

embrace the use of virtual care visits, future funding policies
will need to determine how to broadly support the appropriate
use of telemedicine to provide high-quality geriatric care, while
recognizing there still exist socioeconomic barriers to accessing
it and trade-offs related to its use [28].

Strengths and Limitations
This is the largest known study pertinent to the real-world
experience of geriatric care professionals using a wide range of
telemedicine technologies in the light of and during the first
year and a half of the COVID-19 pandemic. This study further
used the CFIR to provide a comprehensive overview of the
various strategies geriatric care professionals have used to
overcome the complexities surrounding the provision of
outpatient virtual care with older persons, their caregivers, and
their families. Another strength is that this study included a
wide-ranging age group of geriatric care professionals. In
addition, this study primarily focused on the experiences of
geriatric care professionals and did not evaluate older patients’
and their caregivers’ perspectives. Yet, despite the lack of these
perspectives, responses across all the constructs were effective
in revealing the various practice changes and strategies used to
address the diverse needs of older patients with complex
conditions in the virtual care setting.

There are several limitations to the study. First, the findings are
limited to the experiences of geriatric care professionals in
Canada’s Greater Toronto Area. In addition, the experience of
nonmedical or nursing allied health professionals, who are also
integral members of some geriatric care teams, was not included.
Nevertheless, the majority of Ontario’s geriatric care
professionals work in the Greater Toronto Area, with the vast
majority being geriatricians, geriatric psychiatrists, and nursing
care professionals who were included in this study. In addition,
this study’s CFIR construct Reflecting and Evaluating indicated
that geriatric care professionals are continuously evaluating
their own experiences that shape their knowledge and beliefs
about the use of telemedicine in their practices. Hence, the
findings presented herein should represent a snapshot of the
current needs of geriatric care professionals that will likely
evolve as we continue to navigate the opportunities to using
telemedicine technologies to deliver geriatric care.

Recommendations
Based on the findings of this study, we offer the following four
recommendations to support the continued and enhanced use
of telemedicine technologies by geriatric care professionals in
providing care to older patients, their caregivers, and their
families:

1. Continuing training and education for geriatric care
professionals in the use of telemedicine technologies is
needed: Prior training on telemedicine use had helped
facilitate a smoother transition for geriatric care
professionals during the rapid transition to predominantly
providing virtual care visits at the outset of the COVID-19
pandemic. In addition, the use of telehealth interventions
relies on the experiences of clinicians in using the
technology as intended [16]. Hence, continuing education
can provide new learning opportunities for the best use of
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telemedicine technologies for geriatric care professionals
[22].

2. Training in the use of telemedicine technologies is needed
for older patients, their caregivers, and their families, as
well as on how to collect basic health information that may
facilitate a telemedicine assessment. This could help
alleviate some of the challenges in obtaining clinical
information and further enhance the feasibility of virtual
care visits without the presence of a health care facilitator
with the patient. As McLean et al [11] noted, providing
basic training for older patients, their caregivers, and their
families could help them better navigate and feel more
comfortable in using various telemedicine technologies.

3. Health care systems should maintain virtual care visits as
an option available to older patients, their caregivers, and
their families, with geriatric care professionals when this
option may represent an equally or better way to facilitate
care. This recognizes that virtual care visits give older
patients, their caregivers, and their families and geriatric
care professionals more flexibility to both provide and
receive care. It should represent a mechanism through which
to provide older patients, their families, and caregivers with
the appropriate community infrastructure supports that
could help reduce barriers for older patients, their
caregivers, and their families in accessing telemedicine
technologies.

4. Ensure that future reimbursement models to enable
telemedicine or virtual care visits are financially sustainable
for geriatric care professionals. Virtual care visits will likely
be incorporated into the future provision of geriatric care

in Ontario. Hence, temporary payment models will likely
transition into long-term ones, and policy makers will need
to ensure that the long-term methods of funding the
provision of telemedicine-based care are financially
sustainable, while ensuring the needs of geriatric care
professionals and older persons can also be met.

Conclusion
The sudden need to find alternative ways to provide care in safe
and effective ways at the outset of the COVID-19 pandemic
forced health care systems worldwide to enable the rapid and
widespread adoption and use of telemedicine technologies by
geriatric care and other health care professionals. Overall, this
study found that Ontario geriatric care professionals could adapt
the use of telemedicine technologies to provide virtual care to
meet the complex needs of their older patients, but there also
exists a threshold in their ability to effectively provide geriatric
care using telemedicine technologies. Indeed, geriatric care
professionals have been found to perceive telemedicine
technologies or virtual care methods to be more appropriate in
the provision of follow-up visits that do not usually require
specific assessments that are better done in-person. However,
this study also noted that there are also various additional issues
that will prohibit the greater widespread and permanent adoption
of telemedicine technologies in Ontario, especially in the
provision of geriatric care, unless specifically addressed. Further
research on addressing older patient equity and inclusion,
medical information infrastructure, and economic policies will
be beneficial for understanding the best practices for supporting
the use of telemedicine technologies to provide both more
effective and equitable geriatric care.
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Abstract

Background: The COVID-19 pandemic caused widespread societal disruption, with governmental stay-at-home orders resulting
in people connecting more via technology rather than in person. This shift had major impacts on older adult residents staying in
retirement homes and residential care facilities, where they may lack the technology literacy needed to stay connected. The
enTECH Computer Club from the University of Waterloo in Ontario, Canada created a knowledge translation toolkit to support
organizations interested in starting technology literacy programs (TLPs) by providing guidance and practical tips.

Objective: This paper aimed to present a framework for implementing TLPs in retirement homes and residential care facilities
through expanding on the knowledge translation toolkit and the framework for person-centered care.

Methods: Major concepts relating to the creation of a TLP in retirement homes and residential care facilities were extracted
from the enTECH knowledge translation toolkit. The domains from the framework for person-centered care were modified to fit
a TLP context. The concepts identified from the toolkit were sorted into the three framework categories: “structure,” “process,”
and “outcome.” Information from the knowledge translation toolkit were extracted into the three categories and synthesized to
form foundational principles and potential actions.

Results: All 13 domains from the framework for person-centered care were redefined to shift the focus on TLP implementation,
with 7 domains under “structure,” 4 domains under “process,” and 2 domains under “outcome.” Domains in the “structure”
category focus on developing an organizational infrastructure to deliver a successful TLP; 10 foundational principles and 25
potential actions were identified for this category. Domains in the “process” category focus on outlining procedures taken by
stakeholders involved to ensure a smooth transition from conceptualization into action; 12 foundational principles and 9 potential
actions were identified for this category. Domains in the “outcome” category focus on evaluating the TLP to consider making
any improvements to better serve the needs of older adults and staff; 6 foundational principles and 6 potential actions were
identified for this category.

Conclusions: Several domains and their foundational principles and potential actions from the TLP framework were found to
be consistent with existing literatures that encourage taking active steps to increase technology literacy in older adults. Although
there may be some limitations to the components of the framework with the current state of the pandemic, starting TLPs in the
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community can yield positive outcomes that will be beneficial to both older adult participants and the organization in the long
term.

(JMIR Aging 2022;5(3):e34997)   doi:10.2196/34997

KEYWORDS

older adult; technology; retirement home; long-term care; social connections; technology literacy program; retirement; elderly;
literacy; implementation; concept; framework; knowledge translation

Introduction

Older adults’ability to stay socially connected has become more
challenging as a result of the COVID-19 global pandemic. The
World Health Organization and public health agencies in North
America have advised all individuals to follow physical
distancing measures and limit gatherings to minimize
transmission of COVID-19 [1-3]. Older adults (individuals who
are 65 years of age or older) are identified as a group at greater
risk for severe illness from COVID-19, compared to the general
public [4]. Throughout the course of the pandemic, long-term
care (LTC) visitor restrictions have been implemented to protect
the health of residents and staff members in these settings.
Although it is important to limit the spread of COVID-19, these
measures have disrupted the normal social routines of older
adults, which may increase the risk of anxiety, depression,
cognitive dysfunction, heart disease, and overall mortality [5,6].
Throughout the pandemic, the World Health Organization and
public health agencies have encouraged individuals to maintain
social connections through digital alternatives, using phones,
computers, tablets, and other electronic devices, but little support
is available to assist those who need help using technology for
these purposes.

Previous research has identified that older adults are often
interested in using technology for recreation, but feelings of
apprehension and difficulty in accessing and using technology
limit its uptake by older adults [7-9]. Existing literature suggests
that active steps should be taken to educate and support older
adults in their engagement with technology to help them build
and maintain social connections with their family, friends, and
the wider community [9-12]. Implementing teaching and
education opportunities by volunteer organizations, for instance,
that involve peer-to-peer learning and intergenerational
relationships to help older adults adopt technology are
recommended [5,9,13].

Although technology adoption in LTC settings increased during
the pandemic, ensuring continued access to technology and
technology education can maintain and increase its uptake by
older adults [8]. In many regions, community organizations
provide technology education and assistance to older adults at
a low cost or for free, such as the enTECH Computer Club,
based out of the University of Waterloo in Waterloo, Ontario,
Canada. Before the pandemic, enTECH volunteers worked with
residents of local LTC homes and supported older adults
reaching their technology goals [13,14]. To facilitate the
expansion of club activities to other locations, enTECH club

members have also developed a knowledge translation toolkit
in consultation with the University of Waterloo faculty [15].
The toolkit serves as a starting point for LTC homes to
implement technology programming, consolidating much of
the club’s work.

The purpose of this paper is to describe a framework to guide
the implementation of technology programming in residential
care facilities and retirement home settings, using the framework
for person-centered care by Santana et al [16] as a template. To
complement the toolkit by Nagallo et al [15], we aimed to
develop a comprehensive framework with which a technology
program can be started. Additionally, we wish to frame the
development and rollout of a technology literacy program (TLP)
as being fundamentally person focused, leading to the selection
of the framework for person-centered care. Through consultation
with the enTECH team, the TLP framework maps the knowledge
translation toolkit onto the framework for person-centered care,
in which it provides foundational principles and potential actions
to guide the framework’s implementation. The implementation
of technology literacy programming through this framework
aims to encourage older adults to use technology and to create
opportunities for fostering social connections and maintaining
healthy aging.

Methods

Framework Model Exploration
A search using Google Scholar was conducted during June 2020
to search for existing frameworks involving or implementing
change in health care contexts, particularly with the use of
technology. The framework for person-centered care by Santana
et al [16] (Figure 1) was identified as having general
person-centered domains that could be consistent with a TLP
program for older adults, the residential care facility, and its
staff. The framework for person-centered care is itself based on
the Donabedian Model [17] for the assessment of quality of
care, which divides assessment into “structure,” “process,” and
“outcome” components. The framework for person-centered
care was selected over other frameworks, such as those
applicable to adult education (eg, Kirkpatrick model [18]) or
implementation (eg, RE-AIM [19,20]), due to a focus on
implementation, person-centeredness, and provider-patient
partnership [16]. The framework for person-centered care
contains 13 domains split between 3 themes that serve as
foundational pillars to implement person-centered care in a
health care environment [16].
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Figure 1. Framework for person-centered care (PCC) by Santana et al [16]. PRO: patient-reported outcomes.

Domain Mapping
The lead author of the knowledge translation toolkit (NN)
modified the 13 domains from the framework for
person-centered care to reflect the requirements of starting a
TLP in a LTC setting. The language in framework for
person-centered care by Santana et al [16] was adapted to focus
on technology literacy programming, incorporating program
implementation, technology education, quality assurance, and
stakeholder relations [16]. To identify relevant foundational
principles and potential actions for TLPs, the 13 domains for
the TLP implementation framework were inserted into a Miro
whiteboard (RealtimeBoard, Inc), a cloud-based collaborative
whiteboard software. Foundational principles are defined as

ideal steps to be taken to implement a successful TLP. Potential
actions are defined as action items to help with a particular
domain, but they are not completely mandatory for a TLP to be
implemented. Author KL identified and extracted every major
concept from enTECH’s knowledge translation toolkit, focusing
on TLP; these concepts were organized under the 13 TLP
domains. Authors NN, CW, and KL performed a final check of
the domains and associated concepts on the Miro whiteboard.
The resulting Miro whiteboard is shown in Multimedia
Appendix 1. Authors KL, NN, EM, and CW finalized the
categorization of the concepts into either foundational principles
or potential actions for each domain. This process is detailed
in Figure 2.
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Figure 2. Process of developing the technology literacy program implementation framework.

Results

Framework Overview
Similar to the framework for person-centered care [16], the TLP
implementation framework uses the 3 main categories of
“structure,” “process,” and “outcome” to sort the 13 domains
needed to implement a TLP. Under these 3 categories, 7 domains

were placed under “structure,” 4 domains were placed under
“process,” and 2 domains were placed under “outcome.” To
build this framework, domains were used to guide discussion
about foundational principles and potential actions. The 3 main
categories and their domains are organized in the order that they
should be executed during the implementation process. The
final TLP framework model is shown in Figure 3.
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Figure 3. Technology literacy program (TLP) framework.

Domains Overview
The TLP framework consists of 3 main categories that are
essential to designate the domains and components of the
framework; these 3 categories are “structure,” “process,” and
“outcome.” The domains and components under each category
are detailed in Tables 1-3.

Structure (S1-S7)
According to Donabedian [17], “structure” defines the attributes
of the setting in which care takes place. It describes the facilities,

financials, human resources, and organizational structure of the
place where care occurs. The framework for person-centered
care also uses this definition to build their domains for this
category [16]. As shown in Table 1, the “structure” category
for TLP implementation focuses on developing organizational
infrastructure to deliver a successful TLP. This category also
includes strategies on how various resources may be used to
serve as the foundation of TLP implementation.
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Table 1. Structure domains and components of the technology literacy program (TLP) framework.

Potential actionsFoundational principlesStructure domains

••• Ensure that there is easy access to the internet, preferably
wireless internet (ie, Wi-Fi)

Remove barriers to accessing technology for older adultsS1: Create a
tech-friendly
culture

• Ensure staff buy-in
• Create support structures if older adults have questions
• Encourage family member buy-in and technology provision

••• Focus on technology that allows for connection between
older adults and family

Define a clear goal for the programS2: Create
clear-cut goals
for the TLP • Break technology instructions into smaller steps building

to larger goals
• Consult existing resources to help start the program

••• Show how technology can be used to achieve older adults’
goals and interests

Demonstrate the ability for tech to reduce isolation and
loneliness

S3: Outline the
benefits of im-
plementing
technology for
older adults

•• Encourage word-of-mouth advertisement of the program
between older adults

Emphasize that learning can happen at any age

• Expand to include other easy-to-access services (eg,
Wikipedia and YouTube)

••• Encourage open communication between instructors and
administrators

Ensure robust onboarding and trainingS4: Provide re-
sources for ac-
tive TLP volun-
teers and long-
term care
homes staff
members

• Ensure that the program’s schedule meets the needs of
older adults and instructors

• Recruit community volunteers to reduce staff workload
burden

• Create clear policies around how technology issues are
resolved

• Designate a single point of contact to manage educational
tools and documents

••• Have resources that can be easily accessed by instructors,
including printouts

Reduce paperwork burden on instructors, understanding
that some documentation might be needed

S5: Curate an
effective and
impactful tech-
friendly envi-
ronment

•• Advertise the benefits of technology to older adults via
posters and town halls

Ensure that technology is user-friendly and accounts for
differences in strengths between individuals

• Consider a buddy or group system where older adults can
be taught the same content together

• Listen to and act on what older adults themselves indicate
they want to learn or achieve

••• Ensure instructors have basic tech literacy skills to help
older adults

Stress that the requirements to become an instructor are
low: only basic technology literacy with common soft-
ware (ie, email and YouTube) is needed

S6: Offer sup-
port to instruc-
tors before
working with
older adults

• Create a straightforward onboarding process
• Host practice sessions with instructors (eg, on ethical sce-

narios and common technology problems)
• Use a web-based platform (eg, Slack and Microsoft Teams)

where instructors can easily communicate, while maintain-
ing confidentiality

••• Create a knowledge base that older adults can access if
there are no instructors available or for self-study (eg, an
easy-to-access website or binder)

Schedule sessions at practical times and create opportu-
nities for learning and follow-up if questions arise when
there is no instructor available

S7: Explore the
availability of
instructors and
provide “after-
hours” program-
ming

• Reevaluate instructor availability frequently
• Ensure older adults can anonymously leave feedback about

programming (eg, an anonymous comment box)

Process (P1-P4)
The “process” category used in the framework for
person-centered care includes the processes to deliver
person-centered care [16]. Specifically, it describes strategies
that can be used by health care practitioners to ensure
person-centered care is being provided [16]. These steps closely

resemble the action items to begin and maintain a TLP in LTC
homes in the “process” category of TLP implementation. As
depicted in Table 2, the domains in the “process” category
outline procedures undertaken by stakeholders involved (eg,
volunteers, club executives, resident facility staff, and older
adults) to ensure a smooth transition from conceptualization
into action.
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Table 2. Process domains and components of the technology literacy program (TLP) framework.

Potential actionsFoundational principlesProcess domains

••• Encourage older adults to write any ques-
tions they have in between teaching ses-
sions

There is no set number of instructors needed to help
set up a successful TLP

P1: Establish intergenerational
partnerships to help technology lit-
eracy in older adults

• Instruction can be in person, digital, or over video
chat or phone • Network with other community groups to

identify potential volunteers

••• Repetition and practice are key to support
learning and are sometimes overlooked

Encourage older adults to protect their personal in-
formation, including financial information

P2: Practice patience and compas-
sion throughout the TLP

• Encourage instructors to use their judgement and
limit their support to their comfort level

• Ensure that instruction allows older adults to learn
at their own pace

• Instructors can develop or improve their teaching,
leadership, and communication skills

••• Limit session to 1.5- to 2-hour blocks to
minimize participant and instructor fatigue

Programs can be one-on-one, in small groups, or
lecture based, depending on older adults and instruc-
tor’s comfort and knowledge as well as room capac-
ity limitations

P3: Use interactive teaching and
learning techniques

• Have diverse learning resources available
for older adults and instructors

• Facilitation must be sensitive to the needs of older
adults, including vision, hearing, and mobility chal-
lenges

• Encourage instructors to adapt to different learning
styles to assist older adults as best as possible

• Remember that layperson terms for instructors may
not be layperson terms for older adults

••• Advertise this opportunity broadly; pre-
health professional students may be partic-
ularly interested in participating in it

Identify what existing TLPs do in other settings to
develop curriculum and foster participant engage-
ment

P4: Create partnerships with stake-
holders to provide effective TLPs
for older adults

• Identify existing local supports for commu-
nity programs, including organizations that
may provide technology at a discounted
price

• Be open to the potential for collaborating with exist-
ing organizations that provide digital services

• Reach out to long-term care or retirement
home stakeholders and the community at
large to see if any organizations are looking
to liquidate older technology

• Designate one representative from your
organization to liaise with other stakehold-
ers for the purposes of acquiring technology
donations and recruiting instructors

Outcome (O1-O2)
In the framework for person-centered care, the “outcome”
category describes the effects of person-centered care on patients
[16]. It also describes performance indicators of person-centered
care in hopes of measuring such indicators to identify areas for

improvement to better serve patients [16]. Table 3 reflects how
TLP implementation shares similar attributes with the “outcome”
category, as it focuses on how TLPs can benefit older adults
even with diminished volunteer capacity, and how quality
improvement can be used to adjust programming to better serve
the needs of the community.
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Table 3. Outcome domains and components of the technology literacy program framework.

Potential actionsFoundational principlesOutcome domains

••• Check in with older adults to see how they
feel about their progress

Older adults’progress on accomplishing goals
can be tracked using a web-based spreadsheet
like Google Sheets

O1: Perform check-ins with older adults
to gain insight on progress and aid with
quality improvement

• A brief informal postsession feedback
question is recommended, even a simple
“did you like this session today?”

• Focus on the person not the technology; tech-
nology should always come second

• Validated tools like the Single Ease Question
[21] can be used to evaluate the difficulty of
a task

• Questions or questionnaires to be filled out by
older adults can be hosted via the internet, us-
ing Google Forms, to encourage older adults
to practice their tech skills

••• Lesson plans can be used to teach content
and can optionally be used by residents in
the absence of instructors

Consider curriculum and training documents
as “living documents,” and iterate on them
based on feedback

O2: Create documentation to track educa-
tion progress

• Provide training documents to instructors
• A “best practices” guide can be used to struc-

ture lessons more generally
• Platforms like Google Docs and Notion

(Notion Labs Inc) can be used to organize
documents and can be updated immediately

• Tracking students’ progress and interests
can facilitate transition between different
instructors

Discussion

Overview
This paper outlines an implementation framework for TLPs in
LTC and residential homes and with older adults. Building on
a person-centered care framework, the TLP framework starts
by outlining how the program should be structured to create a
safe learning environment for older adults to learn to use
technology. The framework also outlines processes that can be
used to build confidence and competence among both older
adult learners and instructors, including multigenerational
pairings, focusing on web-based safety, and ample hands-on
learning opportunities. The framework concludes with 2
domains under “outcome” that are focused on identifying the
benefits to older adults and opportunities for quality
improvement.

Structure
Domains S1 to S7 are aimed to create a safe learning
environment for older adults to learn how to use technology.
Having a positive initial experience supported by a
well-established, friendly, and supportive learning environment
can promote continual participation of the TLP and continual
use of technology among older adults, and so domain S1
reinforces this [22]. Domain S3 concentrates on informing older
adults of the benefits of implementing technology in their lives.
Beyond increasing technology literacy, existing research has
suggested that learning new skills and keeping an active mind
may maintain cognition and mental health throughout life [23].
In addition, the “structure” category of the framework aims to
reduce the social isolation and loneliness that older adults may
experience during the pandemic through delivering interactive
learning [24,25]. Many of the foundational principles and

potential actions of domain S7 were consistent with existing
findings, including those suggesting a strong training preference
for self-teaching through methods such as reading a printed
manual and learning through “trial and error” or “playing
around” approach [22,26]. Although self-practicing after a lesson
can be beneficial, the TLP framework focuses on the value of
instructors to teach older adults and facilitate their learning in
TLPs (domains S7 and O1). There is a focus on providing
resources for program leaders so that they can effectively
support older adults, as emphasized in domains S4 through S7.

Process
Domains P1 to P4 outline the means by which TLP should be
operated. This includes engaging older adult learners with staff
of TLP within retirement homes and residential care facilities
to lead to a person-centered programming. A study conducted
during the COVID-19 pandemic suggested that LTC facilities
should have dedicated staff to assist residents in using
information communication technologies that are already
provided by the facilities, such as tablet devices [27]. Therefore,
domain P1 has considered this by creating a group of instructors
to teach older adult learners and facilitate the TLP operations.
Existing cognitive aging research has outlined recommendations
on techniques that instructors may find useful when teaching
older adults to use computer software applications [28]. Many
of the “process” domains align with recommendations based
on that research [28]. Additional research identified reasons for
older adults’ negative attitudes about technology use, which
were frequently associated with inconvenience with the
technology device, disliking the features of technology, and
security and reliability concerns [29]. Given these concerns,
foundational principles from domain P2 emphasize the
importance of protecting personal and financial information.
Social contact or other social interactions have been shown to
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be the second most important motivator for older adult learners
to participate in learning activities [30]. Therefore, domains P2
and P3 aim to have older adults develop healthy interpersonal
relationships with instructors to foster participant engagement.
Another study that examined teaching modality themes used
by student mentors to help older adults learn technology
reinforces the foundational principles and the overall theme of
domains P2 and P3 [22]. Finally, other research has suggested
social engagements may also maintain cognitive aging and
lower mortality outcomes as much as physical activity,
depending on the level of social activity [31].

Outcome
Domains O1 and O2 aim to evaluate the progress of the TLP
and determine if it is meeting older adults’ goals to learn
technology. Existing research has recognized the need for
technological training programs focused on older adults to
evaluate and analyze the effectiveness of teaching technology
to them [32]. To enhance the experience of TLP for staff and
older adults, TLPs must determine the positive feedback and
improvements that can be made. The insights received from
following the foundational principles and potential actions of
domain O2 allow for more research to be conducted to determine
the strengths and improvements needed for TLP.

Strengths and Applicability of the Framework
Governments and health care systems have been encouraging
people to remain engaged with their communities via the internet
during the COVID-19 pandemic [1-3]. The implementation of
TLPs for older adults may help them overcome some of the
known barriers to engage with technology. Increased technology
literacy, fostered through TLP, may also support older adults
in accessing health care digitally, an adoption of which has been
accelerating in response to the pandemic [33,34].

It has been suggested by findings of a recent study that using a
person-centered care approach to engage older adults with
technology is crucial in creating meaningful
technology-mediated enrichment experiences for them [35].
The TLP framework supports this approach as it aims to
implement fundamentally person-focused TLPs, hence the
framework for person-centered care was chosen as the template
[16]. By organizing the domains’ content into foundational
principles and potential actions, we hope that organizations can
identify parts of the framework that are readily applicable and
can be implemented with little difficulty, which can be beneficial
during times of high visitor restrictions. For instance, during
visitor restrictions in LTC, organizations may begin with
creating a knowledge base that older adults can access with
minimal assistance if there are no instructors available, which
is a potential action from domain S7. In addition, organizations
can plan opportunities to expand their existing TLPs. Lastly,
there is a focus on creating and externalizing partnerships to
run the program to reduce costs and foster new relationships
with others in the community.

Limitations
Despite the benefits of implementing TLPs using this
framework, there are some drawbacks to consider. The
COVID-19 pandemic has highlighted how complex it can be

to support older adults through periods of intense isolation.
Periods of visitor and volunteer service restrictions, such as
local or global disease outbreaks, can present challenges to the
implementation of TLPs. For instance, older adults may have
to ask LTC staff outside of TLP for help, and this may interfere
with the techniques they learned with their usual TLP
instructors. Organizations implementing TLPs could consider
incorporating a group of on-site staff who can assist older adults
during periods of visitor and volunteer service restrictions if
they see fit. Although these events cannot easily be anticipated
aside from typical seasonal patterns (ie, increased probability
of influenza outbreaks in fall and winter months), ensuring TLP
participants are sufficiently trained such that they can
accomplish basic communication tasks independently can foster
independence and reduce feelings of isolation.

Furthermore, the authors’ experience of TLPs are based on
implementing TLPs directly and assisting with situating them
in existing retirement and LTC settings as an external
organization. The authors do not have experience implementing
a TLP as an employee of a retirement home or LTC home.
EnTECH’s experience in TLP implementation is also limited
to Ontario, Canada. Thus, the generalizability of this TLP
framework may be limited, as the structure of residential care
facilities and retirement homes outside of Ontario may differ
from those in Ontario. Finally, despite the value of technology,
the financial cost of the devices and additional equipment to
run a TLP is a concern in both private and publicly funded
residential care facilities, and that is addressed in domain P4.

Future Research
Further research should be conducted to validate the utility of
this framework in retirement homes and residential care
facilities. This could include evaluating the success in
implementing a TLP in retirement homes and residential care
facilities according to the insights on the progress and quality
of the program gained from the check-ins with older adults
(domain O2). Additionally, there is an interest in exploring
whether older adults are able to independently apply the
technology literacy skills they have developed or improved
from their TLP to achieve and expand on their technology use.
After the implementation of a TLP in retirement homes and
residential care facilities, the publication of case studies aimed
at both industry and academics is suggested to raise awareness
of this framework for residential care employees and
stakeholders.

Conclusions
Recognition in staying socially connected through technology
has undoubtedly increased throughout the course of the
COVID-19 pandemic. A framework for implementing TLPs
was developed to support retirement homes and residential care
facilities that are interested in starting their own TLP to support
older adults’ technology competence. The foundation of the
framework was constructed from enTECH’s knowledge
translation toolkit for implementing TLPs for older adults, and
it was structurally organized by following the framework for
person-centered care by Santana et al [16]. Although
modifications to the framework may be required depending on
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an organization’s needs, starting TLPs for older adults can have potential positive impacts on them in the long term.
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Abstract

Background: There are 15,632 nursing homes (NHs) in the United States. NHs continue to receive significant policy attention
due to high costs and poor outcomes of care. One strategy for improving NH care is use of health information technology (HIT).
A central concept of this study is HIT maturity, which is used to identify adoption trends in HIT capabilities, use and integration
within resident care, clinical support, and administrative activities. This concept is guided by the Nolan stage theory, which
postulates that a system such as HIT moves through a series of measurable stages. HIT maturity is an important component of
the rapidly changing NH landscape, which is being affected by policies generated to protect residents, in part because of the
pandemic.

Objective: The aim of this study is to identify structural disparities in NH HIT maturity and see if it is moderated by commonly
used organizational characteristics.

Methods: NHs (n=6123, >20%) were randomly recruited from each state using Nursing Home Compare data. Investigators
used a validated HIT maturity survey with 9 subscales including HIT capabilities, extent of HIT use, and degree of HIT integration
in resident care, clinical support, and administrative activities. Each subscale had a possible HIT maturity score of 0-100. Total
HIT maturity, with a possible score of 0-900, was calculated using the 9 subscales (3 x 3 matrix). Total HIT maturity scores
equate 1 of 7 HIT maturity stages (stages 0-6) for each facility. Dependent variables included HIT maturity scores. We included
5 independent variables (ie, ownership, chain status, location, number of beds, and occupancy rates). Unadjusted and adjusted
cumulative odds ratios were calculated using regression models.

Results: Our sample (n=719) had a larger proportion of smaller facilities and a smaller proportion of larger facilities than the
national nursing home population. Integrated clinical support technology had the lowest HIT maturity score compared to resident
care HIT capabilities. The majority (n=486, 60.7%) of NHs report stage 3 or lower with limited capabilities to communicate
about care delivery outside their facility. Larger NHs in metropolitan areas had higher odds of HIT maturity. The number of
certified beds and NH location were significantly associated with HIT maturity stage while ownership, chain status, and occupancy
rate were not.

Conclusions: NH structural disparities were recognized through differences in HIT maturity stage. Structural disparities in this
sample appear most evident in HIT maturity, measuring integration of clinical support technologies for laboratory, pharmacy,
and radiology services. Ongoing assessments of NH structural disparities is crucial given 1.35 million Americans receive care in
these facilities annually. Leaders must be willing to promote equal opportunities across the spectrum of health care services to
incentivize and enhance HIT adoption to balance structural disparities and improve resident outcomes.

(JMIR Aging 2022;5(3):e37482)   doi:10.2196/37482
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Introduction

Background
There are 15,632 nursing homes (NHs) in the United States
with 1.7 million beds and 1.3 million Americans residing in
them [1]. For decades, care delivered in NHs has received
significant policy attention due to the poor outcomes of care
[2]. Recently, national experts in NH care were charged with
examining how our nation delivers, regulates, finances, and
measures quality [3]. The committee concluded that the current
state of quality of care in NHs is “…ineffective, inefficient,
fragmented, and unsustainable” [4]. NH quality has several
components that interact to affect residents’ health, functional
status, and resident outcomes. Researchers have studied these
interactions to understand how policy (ie, regulation and
reimbursement), clinical interventions, management practices,
and individual worker, resident, and family characteristics
account for variation in NH quality [5]. A promising strategy
for improving NH quality is the use of health information
technology (HIT).

In this paper, we define HIT as a system that is used in health
care to process, store, and exchange health information in an
electronic environment. The use of HIT in NHs has also been
recognized by experts in the field as a method to improve NH
quality [6]. For example, NH HIT improves timely and secure
exchange of electronic data and medical record access, enabling
clinicians to gain direct access to clinical information, enhances
efficiency, and improves resident outcomes [7,8]. Furthermore,
HIT strengthens care coordination processes leading to greater
consistency and better accountability among clinicians and staff
[9]. Unfortunately, wide differences in NH HIT adoption exist.
Researchers have found that 95% of NHs use HIT including
electronic health records (EHR), and nearly half (46%) use
health information exchange capabilities for resident care.
However, they also discovered variations in use of technology,
such as an EHR (ie, urban NHs were 2.5 times more likely to
have EHR compared to rural NHs) [10]. One element missing
from national NH quality reporting systems includes measures
of the maturity of HIT adoption, which could help policy
makers, researchers, quality improvement specialists, families
and residents, and other stakeholders to identify where gaps
exist.

Theoretical Approach
A central concept of this study is HIT maturity guided by stage
theory by Nolan [11], which postulates that a system of
coordinated processes (eg, an EHR) evolves through a series of
stages as it matures. HIT maturity models, such as the Health
Information Management System Society Electronic Medical
Record Adoption Model, are used to assess levels of EHR
maturity over time in acute care, and other maturity models are
used to assess the general health care environment, mobile
health, interoperability, telemedicine, and usability [12-14].
These general models of HIT maturity are not adaptable to NH

contexts because NHs provide a different model of care delivery
[15]. For instance, NH residents’ length of stay is typically much
longer than that of a patient in acute care. Furthermore, providers
are largely off-site, and the nursing workforce is different in
NHs compared with other settings (eg, NHs have higher staffing
of licensed practical nurses, and the bulk of the workforce are
certified nursing aides) [16]. Other HIT maturity models have
been proposed that stress the importance of continuous cycles
of reassessment that could be influenced by policy or change
in solutions [17]. Previously, we have defined NH HIT maturity
in 3 dimensions including HIT capabilities, use, and integration;
these dimensions are further defined among the following 3
health care domains: resident care, clinical support (eg,
laboratory, pharmacy, and radiology), and administrative
activities. Furthermore, NH HIT maturity is categorized into 7
stages ranging from stage 0 “nonexistent HIT or EHR solutions”
to stage 6 “integrated HIT systems that generate clinical data
to drive self-management” [11]. HIT maturity is best measured
longitudinally to enable better estimates of change in adoption
over time [18]. Widespread NH HIT maturity has not been
achieved due to unbalanced national policies, which have not
promoted meaningful use or provided financial incentives in
NHs for HIT adoption, similar to other health care sectors
[19,20]. This imbalance has created wider structural disparities
leading to variation in resource capabilities and use that may
influence disparities in resident outcomes. For instance,
following the emergence of the COVID-19 pandemic in March
2020, early analyses of telehealth use found that compared to
rural NHs, urban NHs were more than 11 times more likely to
use telehealth for web-based evaluations, pretransfer
arrangements, second opinions, and transfer of diagnostic images
following major policy changes [21,22]. Ongoing NH
assessments are critical to truly understand the linkages between
these types of organizational differences and impacts on quality
of NH care, including disparities in resident outcomes.

HIT maturity is an important component of the rapidly changing
NH landscape. In previous work, we have found alternating
patterns of total HIT maturity over 3 years (2014-2017) among
815 NHs; that is, (n=579, 71%) of NHs exhibited net positive
increase in total HIT maturity, (n=155, 19%) had a net negative
decrease in total HIT maturity, and (n=58, 10%) had consistently
negative patterns of total HIT maturity over time [18,23].
Facilities with a net increase reported increasing HIT capabilities
and use as well as greater integration over time. However, NHs,
reporting a net decrease in HIT maturity over time, have reduced
their capabilities, use, and system integration. For instance, one
of the areas that had the most variation over time in HIT
maturity was the clinical support dimension associated with
laboratory, pharmacy, and radiology technologies used in NHs
[23]. Clinically, this makes sense, since NHs that are unaffiliated
with hospitals typically do not have a laboratory, pharmacy, or
radiology department in house, so they will oftentimes use
disparate, stand-alone technologies to facilitate related activities
for staff and residents. These disparate, isolated systems may
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be easy to remove if they are not found to be efficient, are too
costly, or do not meet the expectations of the users.

The development of HIT maturity surveys has allowed
researchers to begin exploring the relationship between
technology use and NH resident level outcomes. For instance,
recent studies have revealed mixed associations between HIT
maturity and antibiotic use and urinary tract infections. In one
study, linking HIT maturity data with a resident-level minimum
data set yielded 219,461 regular resident assessments within 90
days of survey completion on 80,237 unique, older adult
long-stay residents. We found that for every 10-point increase
in the HIT maturity score, the expected odds of antibiotic use
increased by 7% [24]. Although this result was unexpected,
NHs with higher HIT maturity may have enhanced systems
enabling nurses to monitor when antibiotics are used; therefore,
higher levels of awareness could eventually lead to reductions
in inappropriate antibiotic use. Additionally, we examined
associations between HIT maturity and urinary tract infections.
Controlling for NH and resident characteristics, HIT maturity
was associated with 10% less urinary tract infections [25].

The COVID-19 pandemic has also influenced changes in HIT
use [22,26]. These changes include the expansion of Medicare
payment for telehealth, increasing collaborations between
academic medical centers and NHs, and the Centers for
Medicare & Medicaid Services requiring NHs to report
COVID-19 metrics to the Centers for Disease Control
electronically [21,27,28]. Following national telehealth policy
expansion in Spring 2020, the use of NH telehealth using
computer software and web applications surged across the
country [22]. However, 16% of NHs were not using telehealth,
and this was more likely to occur in rural NHs [22]. Similar
findings have been confirmed by other researchers exploring
the explosive growth of telehealth since the pandemic started
[29]. Technology adoption, especially in the face of emergent
conditions, yields positive and negative outcomes that must be
recognized, identified, and addressed [10]. The purpose of this
study was to identify structural disparities in NH HIT maturity
and how HIT maturity is moderated by various commonly used
NH characteristics (eg, ownership, location, number of certified
beds, chain affiliation, and occupancy rate).

Methods

Ethics Approval
This research was conducted as part of a larger ongoing 3-year
national study (2019-2022) exploring trends in NH HIT maturity

in the United States. Data were collected in 2019 using an NH
survey that measures 3 dimensions of HIT maturity (ie, HIT
capabilities, use, and integration) in the 3 domains of resident
care, clinical support (ie, laboratory, pharmacy, and radiology),
and administrative activities. All methods used in this research
were approved by the Columbia University Institutional Review
Board (PT-AABR3810).

Sample
Nursing home compare is a publicly available database,
maintained by the Centers for Medicare & Medicaid Services,
which provides information about every US NH serving
beneficiaries of Medicare or Medicaid [1]. Nursing home
compare was used to identify NHs in continental US, Alaska,
and Hawaii. NHs were excluded from Guam, Puerto Rico, and
Virgin Islands. NHs designated as a special focus facility were
also excluded, because these facilities have a history of serious
quality issues and are automatically included in a program to
stimulate quality-of-care improvements [30]. Finally, NHs with
a hospital-based designation was not included as their HIT
maturity is likely different due to national incentives for HIT
adoption in acute care [8,31]. After applying the exclusion
criteria, the population size was 14,109 (Table 1).

The sample recruitment goal for this study was 10% of all NHs
in the United States (N=1570 NH). Based on our previous
experience with a 45% response rate, more than 20% (n=6123)
of the facilities were randomly recruited from each state. The
number of facilities selected in each state was proportional to
the number of NHs located in that state. For example, because
California has the largest number of homes (n=1241), 248 homes
(20% of facilities) were randomly selected from all California
NHs. To ensure that responses were received from multiple
NHs in each state, we overrecruited in states with smaller
numbers to have a minimum of 6 homes per state. Although
sampling was stratified by state, facilities were not stratified
further by the number of certified beds, ownership, location,
and so on prior to recruitment; this is because some states may
not have any NHs in some strata. Wyoming, for example, has
only 38 homes. In Wyoming, there are fewer large homes in
rural areas. By including every NH in the random selection
process within each state, every home in each state—regardless
of their characteristics—had an equal opportunity to participate.
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Table 1. Comparison of national nursing home population vs sample.

P valueProbability ratio or Cohen daSample (n=719)National (N=14,109)Nursing home characteristics

.07Location, n (%)

1.11453 (63)9823 (69.68)Metro >50,000

0.87114 (15.86)1936 (13.73)Micro 10,000-49,999

0.8090 (12.52)1414 (10.03)Small town 2500-9999

0.7662 (8.62)925 (6.56)Rural <2500

<.001Number of certified beds, n (%)

0.82150 (20.86)2418 (17.14)<60

0.92420 (58.41)7582 (53.74)60-120

1.41149 (20.72)4109 (29.12)>120

.89Ownership, n (%)

1.03193 (26.84)3903 (27.66)Nonprofit

0.99526 (73.16)10,206 (72.34)For-profit

.43Chain, n (%)

0.98551 (76.63)10,627 (75.32)Yes

1.06168 (23.37)3482 (24.68)No

.460.030.806 (0.15)0.812 (0.2)Occupancy rate, mean (SD)

aCalculated as the probabilities of national data divided by the sample data for categorical variable or Cohen d (italicized) for continuous variable.

Measures

Dependent Variables
Our psychometrically sound NH HIT survey has 9 subscales,
from which 7 HIT maturity stages are derived [32]. The
composite score has good internal consistency (Cronbach α=.86)
[33]. HIT capabilities are scored 0 if the technology is “Not
Available” or 1 if HIT is “Available,” as indicated by the
respondents’ feedback. If an NH respondent indicates the
availability of HIT capability, the respondent rates the extent
of use on a scale of 1 (barely used) to 7 (extensively used). To
determine the degree of integration, the respondents indicate
the degree of electronic transfer of information among NH
systems on a scale of 0 (not at all) to 6 (very much). The
maximum range in scores for each HIT maturity dimension and
domain is 0 to 100. Total HIT maturity score for all dimensions
and domains combined ranges between 0 and 900. The 7 HIT
maturity stages are correlated with total HIT maturity [34].
Stage 0 is the lowest stage of HIT maturity. Stage 0 indicates
that HIT solutions or EHRs are nonexistent in the NH. Stage 6,
the highest stage of HIT maturity, indicates the use of data by
residents or residents’ representatives to generate clinical data
and drive self-management.

Independent Variables
Five NH characteristics were included. Ownership type was
collapsed into the 2 categories of “For Profit” and “Nonprofit”
(nonprofit included NHs with a government classification in
nursing home compare). A binary chain status variable was
created. Rural-Urban Commuting Area Codes were used to
classify the NHs by ZIP Codes into 4 regional locations
including the following: metropolitan >50,000; micropolitan

10,000-49,999; small town 2500-9999; and rural <2500 [35].
NHs were classified into 3 classes based on the number of
certified beds, including small (<60 beds), medium (60-120
beds), and large (>120 beds), which are common classifications
in other NH research projects. Occupancy rate was calculated
as the number of residents divided by the numbers of certified
beds in the facility.

Analysis
Probability ratios were computed to compare NH characteristics
between the national data and the study sample [36].
Subsequently, weights were computed for each state. Internal
consistence measured by Cronbach α and descriptive statistics
of the raw and weighted total HIT maturity score as well as the
9 subscales were computed, followed by a table with stage and
proportion per stage. The relationship between the NH
characteristics and HIT stage was assessed. Since HIT stage is
measured as a 7-point Likert scale, ordinal logistic regression
was used. Unadjusted cumulative odds ratios (ORs) and
associated 95% confidence intervals were computed with each
independent variable entered into the regression model
separately, and the adjusted cumulative ORs were computed
from multivariable ordinal logistic regression where all
independent variables were entered into the model. Using the
continuous total HIT score as the outcome measure, multiple
linear regression was performed as a sensitivity analysis to
verify the significant NH factors on the HIT measure. All
statistical analyses were performed using SAS version 9.3 (SAS
Institute), and PROC SURVEYLOGISTIC, using variance
estimators that are appropriate for survey sampled data, was
used in the ordinal logistic regression analysis.
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Results

A total of 719 homes completed the survey with all 50 states
and the District of Columbia being represented. The comparison
of the national population of eligible NHs and the study sample
is provided in Table 1, and the differences were very small.
However, the sample had a larger proportion of facilities with
less than 60 certified beds and a smaller proportion of larger
facilities with more than 120 certified beds.

The aggregated raw HIT maturity scores are shown as Table
S1 in Multimedia Appendix 1 for the 719 NHs. Median (50th
percentile) scores among all 9 subscales for the 719 NHs ranged
from a low of 22.22 in integration of clinical support
technologies to a high of 68.97 in resident care HIT capabilities,
both with a minimum and maximum score possible of 0 to 100.
In 7 (78%) out of 9 subscales, at least 1 NH indicated the lowest
possible score of 0, the lowest HIT maturity score indicating
that HIT systems were nonexistent. Total HIT maturity scores
reflect the aggregated score of all 9 subscales. At least one
facility reported a total HIT maturity score of 58.32

(minimum=0), while the maximum reported by facility was
869.74 (maximum=900). The median score (440.38) closely
approximated the mean score (447.2; SD 158.4), indicating a
highly symmetric distribution of total HIT maturity scores. The
internal consistency of the HIT maturity scores were validated
(Cronbach α>.80).

The weighted HIT maturity scores accounting for number of
responses by state are illustrated in Table S2 in Multimedia
Appendix 2. Figure 1 includes a description of HIT maturity
stages and associated total HIT maturity stages in this sample.
In this sample, 1.81% (13/719) of the NHs were at a stage 0,
meaning that those facilities had nonexistent HIT solutions or
EHRs at the time of the survey. A total of 71/719 (9.87%)
facilities were at a stage 1. NHs at stage 1 have disparate or
fragmented HIT systems that typically have distinct
functionalities, which are not well integrated into care delivery
activities. Just over 25% (n=182) of NHs have formal,
established HIT leadership involved in governing and
coordinating various aspects of HIT systems, putting them at
stage 2. The majority of NHs surveyed (220/719, 30.6%) report
achieving an HIT maturity of stage 3.

Figure 1. Nursing Home HIT Maturity Stages and Definitions. EHR: electronic health record; HIT: health information technology.

NHs at stage 3 have internal connectivity and reporting
capabilities, meaning that these staff have limited capacity to
communicate about care delivery with people outside their
facility, such as with staff from external clinics, laboratories,
or pharmacies. To be able to communicate electronically with
people outside their facilities, NHs must reach a stage 4 or
higher, and 32.4% (n=233) reached a stage 4 or higher. Nearly
3% (20/719 NHs) have achieved stage 6, the highest possible
stage. In these facilities, data use by residents or residents’

representatives are available to generate clinical data and to
drive self-management activities.

The results of the ordinal logistic regression models (Tables 2
and 3) demonstrated that the number of certified beds and
location were significantly associated with HIT maturity stage,
while ownership, chain status, and occupancy rate were not.
The results from simple (Table 2) and multivariable (Table 3)
ordinal logistic regression models are similar. From the final
multivariable models (Table 3), for the number of certified beds
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(<60 vs >120), the odds of being at a higher stage increased by
55% for larger homes (cumulative OR=0.45; P=.001), when all
other variables in the model were held constant. For location,
the odds of being at a higher stage decreased by 55%
(cumulative OR=0.45; P<.001) for rural homes versus
metropolitan homes; the odds of being at a higher stage

decreased by 43% (cumulative OR=0.57; P=.048) for small
town homes versus metropolitan homes. The results from
sensitivity analysis, using the total HIT maturity score as
outcome, demonstrated similar associations between NH
characteristics and HIT maturity measure (Table S3 in
Multimedia Appendix 3).

Table 2. Simple ordinal logistic regression model assessing the relationship between nursing home characteristics and health information technology
maturity stage (n=719).

P value95% CIUnadjusted cumulative odds ratioNursing home characteristics

Bed size (ref: >120)

.710.64 (1.35)0.9360-12

<.001a0.25 (0.63)0.39<60

Location (ref: metro)

.060.42 (1.02)0.66Micro

<.001a0.23 (0.58)0.36Rural

.02a0.31 (0.91)0.53Small town

For-profit

.160.58 (1.10)0.80Nonprofit vs for-profit

Chain

.630.77 (1.56)1.09Chain vs nonchain

.110.83 (5.90)2.21Occupancy rate

aP value significant at .05 level.

Table 3. Multivariable ordinal logistic regression model assessing the relationship between nursing home characteristics and HIT maturity stage (n=719).

P value95% CIAdjusted cumulative odds ratioNursing home characteristics

Bed size (ref: >120)

.960.67 (1.46)0.9960-12

.001a0.28 (0.73)0.45<60

Location (ref: metro)

.070.41 (1.03)0.65Micro

.001a0.29 (0.71)0.45Rural

.045a0.33 (1.00)0.57Small town

For-profit

.300.61 (1.17)0.84Nonprofit vs for-profit

Chain

.540.78 (1.61)1.12Chain vs nonchain

.300.63 (4.66)1.71Occupancy rate

aP value significant at .05 level.

Discussion

Principal Findings
The results from this study indicate that structural disparities
in HIT maturity exist. Most facilities, nearly 68% (n=486) report
being at stage 3 or lower of HIT maturity indicating they are
not able to electronically communicate externally with other

facilities. This lack of connectivity can result in reduced levels
of electronic data sharing, leading to deficiencies in care
delivery, substandard care coordination activities, and poorer
resident outcomes [37]. Structural disparities in this sample
appear to be most evident in HIT maturity domains and
dimensions, measuring integration of clinical support
technologies used for laboratory, pharmacy, and radiology
services. Clinically, this makes sense, since many NHs without
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a hospital designation do not have these services available on
site. However, that should not deter leaders from adopting
systems that support higher integration and data sharing
opportunities. NH leaders are challenged by a lack of financial
and other incentives to adopt HIT systems that support these
clinical activities and optimize care delivery [38]. Other
challenges affecting outcomes of adoption supported in the
literature relate to human factors design and usability issues
such as excessive data entry, information overload, and slow
system response times [39]. In addition to these influences, our
study revealed structural disparities influenced by organizational
characteristics, including NH size and location, which place
some residents—usually the most vulnerable—at a disadvantage
for receiving optimal care [40].

Ongoing assessments and characterization of structural
disparities in NHs is crucial given 1.35 million Americans
receive care in these facilities annually [41]. Without
determining where disparities exist and what factors influence
them, it is difficult for policy-setting organizations that oversee
NH quality and care delivery to act effectively. This includes
recommending and implementing strategies to reduce
differences in care delivery across settings that can have a
positive effect on resident outcomes. Nevertheless, leaders who
focus on health care policy and disparities must be willing to
promote equal opportunities across the spectrum of health care
services to incentivize and enhance HIT adoption in all settings
to balance these types of structural disparities to maximize
resident outcomes. Otherwise, facilities such as NHs, which
historically have not had the same support for promoting HIT
infrastructure as other health care facilities, will certainly
experience wider structural disparities and likely poorer resident
outcomes.

Clearly, when incentives are provided or barriers are removed
from HIT adoption, facilities will respond in ways that reduce
structural disparities and promote better care delivery. To some
extent, current incentive programs through meaningful use
appear to be influencing HIT adoption in NHs and
information-sharing practices with other clinical settings such
as hospitals [8]. However, decisions to integrate electronic data
sources is also dependent on organizational characteristics. For
example, contrary to our findings, Burke et al [31] found that
there were lower odds (OR=0.11; P=.04) of formal data
integration between NHs and hospitals if an NH were for-profit
versus not-for-profit. In a related work, Adler-Milstein et al [8]
reported that higher odds (OR=1.96; P=.008) of sharing more
complete resident information occur between Hospitals and
NHs in metropolitan versus rural locations. Disparities enhanced
by the size or location of a facility are likely related to resources
including knowledgeable staff available to support technology
implementation throughout its lifecycle. Policy makers have
begun to address these deficits. For example, the Office of the
National Coordinator provided funding to develop a toolkit

called the Usability Change Package to support organizations
that did not have ready access to usability experts and resources
for EHR adoption and maintenance [42], a frequent occurrence
in NHs in the United States. It is not clear how well the uptake
has been or how effective these tools are for the NH industry.

Limitations
Our survey uses broad constructs to describe structural
disparities in this sample of NHs. However, we have used
rigorous methods to be sure our measures have been informed
by highly experienced and qualified members of the NH
community [32]. One limitation, however, may be a response
bias for NHs choosing not to participate. Some NH
administrators may not participate because they have no
technology and do not perceive relevance, which could result
in an overall higher level of HIT maturity. Some NHs may not
join because administrators do not have the knowledge to
complete the survey. We offered help to overcome barriers by
providing our contact information and answering questions as
administrators participated. Our team’s increased availability
and responsiveness may have reduced respondent burden, which
in turn may have increased participation. Although we found
some areas indicating significant differences in HIT maturity
and stage when comparing some commonly used organizational
characteristics, we cannot assume that lack of significance means
that structural deficiencies are not present.

Conclusion
In this national sample, we identified important structural
disparities in NHs that are likely impacting the quality of care
their residents are receiving. The majority of these NHs have
lower HIT maturity levels, reporting a gap in connectivity with
external facilities that might otherwise enhance health data
sharing across different organizations. These differences could
be due to inadequate infrastructures, availability of a
knowledgeable workforce, or financial resources to promote
higher levels of adoption. It is crucial that we begin to
consistently identify a means to address these disparities, first
by increasing transparency and public reporting about the trends
in NH HIT maturity in the United States, followed by
implementing national policies to level these deficits.

Practice Implications
Increasingly, at the forefront of policies affecting NH care
delivery is the awareness that structural disparities can place
undue burden on practicing NH leaders and staff to provide
high-quality care to residents. However, underneath this problem
is a lack of structured and standardized means to identify and
report existing structural disparities in NHs in the United States.
In the absence of systematic reporting mechanisms to identify
existing structural disparities in NHs, these issues will go
undetected, and leaders, staff, and residents will continue to
suffer the consequences.
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Abstract

Background: Digital interventions have been shown to be effective for a variety of mental health disorders and problems.
However, few studies have examined the effects of digital interventions in older adults; therefore, little is known about how older
adults engage with or benefit from these interventions. Given that adoption rates for technology among people aged ≥65 years
remain substantially lower than in the general population and that approximately 20% of older adults are affected by mental health
disorders, research exploring whether older adults will use and benefit from digital interventions is needed.

Objective: This study aimed to examine the extent to which older adults engaged with a digital well-being intervention (Happify)
and whether engaging with this program led to improvements in both subjective well-being and anxiety symptoms.

Methods: In this retrospective analysis, we analyzed data from 375 real-world Happify users aged ≥65 years who signed up
for the platform between January 1, 2019, and December 23, 2021. Changes in well-being and anxiety symptoms across 42 to
182 days were assessed using responses to the in-app assessment, which users were prompted to take every 2 weeks, and were
compared among users who engaged with the program at the recommended level (ie, 2 or more activities per week) or below the
recommended level.

Results: In all, 30% (113/375) of the sample engaged with the platform at the recommended level (ie, completed an average of
2 or more activities per week), and overall, users completed an average of 43.35 (SD 87.80) activities, ranging from 1 to 786,
between their first and last assessment. Users were also active on the platform for an average of 19.36 (SD 27.16) days, ranging
from 1 to 152 days. Moreover, older adults who engaged at the recommended level experienced significantly greater improvements
in subjective well-being (P=.002) and anxiety symptoms (P<.001) relative to those who completed fewer activities.

Conclusions: These data provide preliminary evidence that older adults engage with and benefit from digital well-being
interventions. We believe that these findings highlight the importance of considering older adult populations in digital health
research. More research is needed to understand potential barriers to using digital interventions among older adults and whether
digital interventions should be modified to account for this population’s particular needs (eg, ensuring that the intervention is
accessible using a variety of devices). However, these results are an important step in demonstrating the feasibility of such
interventions in a population that is assumed to be less inclined toward digital approaches.

(JMIR Aging 2022;5(3):e39851)   doi:10.2196/39851
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Introduction

Background
According to the United Nations, the proportion of the global
population >65 years is increasing and is expected to reach 1
in 6 people by 2050, compared with 1 in 11 in 2019 [1]. In the
United States, the US Census Bureau estimated that by 2030,
the population of older adults will exceed that of children for
the first time, with 1 in 5 Americans being of retirement age
[2]. Although the aging population has spurred discussions
surrounding the added burden of chronic illness and complex
medical conditions in this cohort [3-6], comparatively less
attention has been dedicated to understanding the implications
of poor mental health in this “silver tsunami.”

The World Health Organization reports that 1 in 5 adults aged
≥60 years is affected by a mental or neurological disorder,
excluding headaches, and these disorders account for 17.4% of
the years lived with disability [7]. The most common mental
health disorders in this age group are depression and anxiety,
affecting approximately 7% and 3.8% of older adults worldwide,
respectively [7]. In the United States and Australia, the
prevalence of depressive symptoms alone among older adults
is estimated to be 9.8% [8]. Poor mental health in older adults
subsequently contributes to elevated health care costs [9],
directly and indirectly by worsening comorbid health conditions
[10]. Moreover, research suggests that approximately 1 in 4
older adults with mental health disorders report experiencing
discrimination, including racism and ageism, compared with 1
in 10 older adults without mental health disorders. Among those
with mental health disorders, this discrimination was also more
likely to occur within health care settings, thus increasing the
likelihood that the individual will delay treatment or not seek
treatment at all [11].

In fact, older adults are less likely than middle-aged adults to
seek mental health care [12]. In a study, 6.5% of older adults
self-reported some level of mental health care in the previous
12 months, but 65.9% of respondents with clinical levels of
depression and 72.5% of those with anxiety never received
treatment [13]. Research suggests that the lack of treatment
seeking may not be related to perceptions of mental health care
but to access. Specifically, a study found that older adults were
more likely to indicate that access to mental health care was
important but less likely to indicate that they had access to such
care [14]. Although lower rates of treatment seeking may be
because older adults are less likely to report having insurance
coverage for mental health services compared with younger
adults [14], it is further compounded by the shortage of mental
health professionals specializing in geriatric populations [15].

Given these difficulties in accessing mental health care, the
need to explore scalable and affordable options for mental health
care is imperative as a growing proportion of the population
enters old age and requires more services. Over the past 2
decades, a number of digital interventions have been developed
to address the general unmet need for mental health care [16],
and research suggests that these can effectively help improve
mental health, including depression, anxiety, and stress [17-20].

However, research on whether older adults will engage with or
benefit from digital interventions is limited.

We should be careful not to assume that the evidence suggesting
that digital interventions are usable and effective within the
general population applies to older adults. Although an
increasing number of older adults reports owning a smartphone
and using the internet, the proportion of older adults owning
smartphones or having access to broadband services at home is
still lagging behind that of younger age groups. For example,
a national survey of adults in the United States conducted by
the Pew Research Center in 2021 showed that 85% of
respondents indicated owning a smartphone, whereas among
older adults, only 61% reported owning smartphones. Among
those aged ≥75 years, only 43% owned smartphones [21].
Age-related issues with manual dexterity and vision as well as
a lack of confidence in using new technologies may contribute
to the slower adoption of digital interventions and tools among
older adults [22].

However, the few studies conducted with older adults suggest
that those who engage with digital interventions show
improvements in mental health outcomes. A meta-analysis of
9 studies exploring the effects of internet-based cognitive
behavioral therapy (CBT) in older adults (mean age 66 years)
found that these programs were generally effective at reducing
depressive symptoms, although there was some evidence that
their effectiveness was negatively related to the user’s age [23].
However, limited research on the impact of digital interventions
on loneliness has shown no significant improvement in
loneliness among older adults [24]. Other research suggests that
engagement with digital interventions may improve with age
[25-27]. One study of patients prescribed internet-based CBT
in Australia found that patients aged ≥60 years were more likely
to complete all treatment modules than younger patients, and
improvements in psychological distress and disability were
consistent across age groups [25]. However, researchers have
argued that these studies provide little information about the
uptake and engagement of digital interventions among older
adults outside of controlled research conditions [28].

Objectives
The purpose of this study was to explore whether older adults
engaged with a publicly available digital intervention, the
Happify wellness program, and the extent to which engaging
with this intervention led to improvements in mental health over
time. Happify is a self-guided wellness program that aims to
improve psychological well-being by delivering brief gamified
activities adapted from evidence-based activities from various
therapeutic approaches. Previous research has shown that
completing 2 or more activities via Happify per week led to
significant improvements in subjective well-being and anxiety
symptoms after 6 weeks [29-31], but none of these studies
examined the effects of age or focused specifically on older
adults. Therefore, in the current retrospective analysis, we
analyzed data from real-world Happify users who self-reported
being aged ≥65 years to determine whether completion of
intervention activities was related to changes in subjective
well-being and anxiety symptoms after at least six weeks of
use.
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Methods

Study Design
This study was a retrospective analysis of real-world Happify
users who signed up for the program between January 1, 2019,
and December 23, 2021.

Sample Selection
When signing up, all users were prompted to complete an
onboarding questionnaire after downloading the Happify
application or accessing the website. This questionnaire inquired
about demographic information, including age group, gender,
relationship status, and employment status, intended to help
tailor the program for individual users. Upon completing this
questionnaire, users must agree to the terms of the service and
privacy policy before creating their account, which includes
language indicating that their data may be used for research
purposes. All data presented here were generated by real-world
users as part of the standard user experience and stored on secure
company servers, and only deidentified data were extracted for
analysis.

Data from all users located in the United States who selected
“65 or older” as their age category when responding to the
onboarding questionnaire and who completed at least two in-app
assessments were initially considered. To be included in the
analysis, users also had to meet the following criteria: (1)
complete at least two in-app assessments within 182 days, (2)
the time between their first and last assessments was no less
than 42 days, and (3) complete at least one Happify activity
between their first and last assessments.

Ethics Approval
The use of Happify consumer data for retrospective analyses,
such as this one, where data represent only those of users who
naturally sign up for Happify and engage with the generic
version of the program (ie, where no content or assessments
have been changed for the purposes of research), was reviewed
by IntegReview, an independent institutional review board, and
labeled as exempt research (HLS-018).

Materials and Procedure

Digital Well-being Intervention
Happify is a self-guided wellness program that draws on various
theoretical approaches to improve well-being including CBT
[32], mindfulness-based stress reduction [33], positive
psychology [34], acceptance and commitment therapy [35], and
behavioral activation [36]. Activities based on these therapeutic
approaches were developed by identifying activities within each
evidence-based approach (ie, demonstrated effectiveness in at
least two different studies and with different samples) [37].
These activities are then organized into “tracks,” which are
meant to help users address a specific area of concern, such as
coping with stress or improving sleep (Figure 1). Each track
consists of 4 parts, and users progress through the track by
completing a percentage of the activities within each part (Figure
2). Users can change tracks at any time, and they can also access
activities outside tracks via the instant play feature. A more
detailed description of the Happify program is available in a
previous research [31].
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Figure 1. Screenshot of a Happify track on the smartphone app version.

Figure 2. Screenshot of Happify track part on the web-based version.
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Assessment
As part of the regular Happify program, users are prompted to
complete an in-app assessment the second time they log into
the platform and every 2 weeks thereafter. This assessment
consists of two measures: a proprietary measure of subjective
well-being, the Happify Scale, and the Generalized Anxiety
Disorder 2 (GAD-2) scale [38].

The in-app assessment is optional; therefore, users may choose
to skip or delay the assessment when prompted. Owing to the
optional nature of the assessment, many users do not provide
this outcome data. Among those who completed the assessments,
the time between assessments and the number of assessments
also varied across users. Thus, the time between assessments
was treated continuously in our analysis. For the analysis,
assessments completed within 182 days after the first assessment
were included. Consequently, the potential range of time
between a user’s first and last assessment was 42 to 182 days.

Happify Scale
The Happify Scale is a 9-item, proprietary measure of subjective
well-being. This scale was designed to measure two primary
components of subjective well-being: positive emotionality and
life satisfaction [31]. A total of 4 items assessed the frequency
of positive emotions over the past month (eg, “In the past month,
how often have you felt joyous, exuberant, inspired, and/or
awestruck?”) and were based on the Positive and Negative
Affect Schedule, a widely used measure of positive and negative
emotions [39]. These items are rated on a 5-point scale ranging
from 0 (never) to 4 (very often [almost every day]). The 5
remaining items assess user satisfaction across various life
domains (eg, “How satisfied do you feel with the relationships
in your life?”) and were based on the Satisfaction with Life
Scale [40], which is a widely used measure of life satisfaction.
These items were rated on a 7-point scale ranging from 0 (very
dissatisfied) to 6 (very satisfied). Scores on each subscale were
computed by summing the ratings and computing a percentage
score ranging from 0 to 100. A composite score was then
generated by averaging the 2 percentages, with higher scores
indicating greater subjective well-being.

As described elsewhere [29], an unpublished internal validation
study was conducted on the Happify Scale with 559 adults
recruited from the general population using Amazon MTurk.
In this study, the Happify Scale was shown to have good internal
consistency (α=.89), and the internal consistency for each
subscale was at least adequate (positive emotions: α=.72; life
satisfaction: α=.88). The subscales were also strongly associated
with the scales they were based on (r=0.76-0.80), and the total
Happiness Scale score was strongly correlated with the
Subjective Happiness Scale (r=0.78) and the Center for
Epidemiological Studies Depression Scale (r=−0.75), in the
predicted direction.

GAD-2 Scale
The GAD-2 [38] is a 2-item screening tool for generalized
anxiety disorder, consisting of the first 2 items from the longer

7-item GAD scale. Respondents indicate the extent to which
they have been bothered by each of the issues over the past 2
weeks on a scale from 0 (not at all) to 3 (nearly every day). The
ratings were summed so that higher scores indicated greater
anxiety symptoms. Although the GAD-2 is typically used as a
screening tool, where a score of ≥3 indicates the likelihood of
an anxiety disorder, it has also been used as a continuous scale
to assess changes in anxiety in response to treatment [41].

Statistical Analysis
To examine changes in well-being and anxiety symptoms, we
fit linear mixed effects models for each outcome, treating days
from the first assessment to each subsequent assessment as a
fixed effect. We selected this approach because of its ability to
handle a varied number of assessments across participants at
various time points. Models were fitted with R (version 4.1.0
[42]), using the nlme package [43]. Models with random
intercepts only and those with both random intercepts and
random slopes were evaluated using the Akaike Information
Criterion. The final models were fitted using random intercepts.
Owing to the variability in the number of assessments and time
between assessments, we fitted a continuous autoregressive
error structure, conditional autoregressive (1) [44]. For each
outcome, we fit a main effects model and then a model with an
added interaction between time and use level (recommended
vs below recommended). Each model included time, use
(recommended level vs below recommended level), gender
(dummy coded as “woman”), relationship status (dummy coded
as “in a relationship”), number of chronic conditions, number
of activities completed before the first assessment, and initial
scores on the other outcome variables as predictors. Model
comparison and selection were then made using Akaike
Information Criterion; the interaction model better fit the data
for both well-being and anxiety symptoms and thus, are reported
here. All statistical tests were 2-tailed with an α criterion of
.050.

Results

Sample and Demographics
During the qualifying period, 1292 new users reported being
≥65 years, residing in the United States, and completing at least
two in-app assessments. After excluding participants whose
second assessment was >182 days from their first assessment
(n=89), whose last assessment was <42 days from their first
(n=476), who completed no activities between their first and
last assessments (n=306), or who had missing demographic
information (n=46), our final sample consisted of 375 older
adults. The sample demographics are presented in Table 1.

Users completed an average of 4.17 (SD 2.63) assessments,
ranging from 2 to 13 assessments, with an average of 49.89 (SD
38.52) days between assessments. Initial well-being was not
correlated with the number of completed assessments (r=.06)
or with the average number of days between assessments
(r=−.07), whereas initial anxiety symptoms were significantly
correlated with both (r=−0.17 and 0.21, respectively; P<.001).
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Table 1. Baseline sample characteristics (N=375).

ValueCharacteristic

Gendera, n (%)

297 (79.2)Woman

76 (20)Man

2 (1)Other

Relationship status, n (%)

265 (70.7)In a relationship

110 (29)Single

Chronic conditions

269 (71.7)Users with at least one chronic condition, n (%)

1.39 (1)Number of chronic conditions, mean (SD)

Self-reported chronic physical conditions, n (%)

56 (15)Arthritis

17 (5)Asthma

12 (3)Cancer

70 (19)Chronic pain

37 (10)Diabetes

8 (2)Eczema

4 (1)Heart disease

127 (33.9)High blood pressure and/or cholesterol

80 (21)Insomnia

19 (5)Migraine

2 (1)Multiple sclerosis

4 (1)Psoriasis

10 (3)Rheumatoid arthritis

76 (20)Other conditions

aDuring onboarding, users are asked “Everyone’s Different: Tell Us Your Gender.” Before October 2020, response options were “male,” “female,” and
“none of the above”; after this time, response options were changed to “man,” “woman,” and “none of the above.” Users who selected “male” or “man”
are both represented in this table as “man,” whereas those who selected “female” or “woman” are both represented under “woman.”

Use
We were able to verify how 326 of the 375 users (86.9%)
accessed the Happify program. A small proportion of these users
(54/326, 16.6%) accessed the program exclusively using a
computer. Older adults were more likely to access Happify
either using a smartphone or tablet (129/326, 34.3%) or a mix
of devices (143/326, 43.8%). Among those who used either a
smartphone or a tablet, the program was accessed primarily via
a smartphone (117/129, 90.5%) compared with the tablet
(12/129, 9.5%). Among those who used all 3 devices to access
the program, access via a smartphone was the most common
(mean 50.78%, SD 22.46%; range 0% -75%), followed by access
via a computer (mean 36.12%, SD 10.63%; range 20%-50%)
and a tablet (mean 13.10%, SD 18.25%; range 0%-25%).

The sample use statistics are listed in Table 2. Overall, older
adult users completed an average of 43.35 (SD 87.80) activities,
ranging from 1 to 876 activities, between their first and last
assessment. On average, more activities were completed within
a dedicated track (mean 35.47, SD 67.31; range 0-415)
compared with activities completed via the instant play feature
(mean 7.88, SD 37.56; range 0-558). A total of 113 (30.1%) of
the 375 retained users engaged with the program at the
recommended level of 2 activities per week during that period,
which is consistent with other Happify research with a different
sample [31]. The older adults in our sample also had an average
of 19.36 (SD 27.16) active days on Happify, ranging from 1 to
152 days between their first and last assessment.
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Table 2. Characteristics of engagement with Happify program.

Value, rangeValue, mean (SD)

2-134.17 (2.63)Number of in-app assessments

42-182104.54 (46.55)Days between first and last assessments

13.75-17749.89 (38.52)Number of days between assessments

0-191.22 (1.75)Activities completed before first assessment

Activity between first and last assessment

1-78643.35 (87.80)Total activities completed

0-41535.47 (67.31)Track activities completed

0-5887.88 (37.56)Instant play activities completed

1-15292 (63.20)Days between first and last activity

1-15219.36 (27.16)Active daysa

aAny day when a user logged on to the Happify platform and completed an activity but does not include days when the user may have logged on without
completing an activity (including completing the assessment).

Subjective Well-being
Across the sample, the mean well-being score on the first
assessment was 52.56 (SD 19.82), ranging from 5 to 99. This
is below the 50th percentile of the Happify Scale in the general
population (ie, a score of 61-63) [29]. We found that older adults
with a higher number of chronic conditions had lower Happify
Scale scores overall, B=−1.58 (95% CI −2.72 to −0.45; P=.007),
which is consistent with research showing that health status is
correlated with subjective well-being [45]. Not surprisingly,
older adults with higher levels of anxiety symptoms on their
first assessment also had lower levels of subjective well-being
overall, B=−5.24 (95% CI −6.10 to −4.38; P<.001). These
effects were consistent for both the main effects and the
interaction models.

We also found significant main effects for both use (B=4.38;
95% CI 1.00-7.77; P=.011) and time (B=0.03; 95% CI

0.01-0.04; P<.001). However, these effects were qualified by
a significant time×use interaction when added to the model
(B=0.04; 95% CI 0.02-0.07; P=.002), and the main effects were
no longer significant for use (B=−1.884; 95% CI −1.874 to
5.641; P=.33) or time (B=−0.012; 95% CI −0.005 to 0.029;
P=.18).

As shown in Figure 3, older adults who completed an average
of 2 or more activities per week while on Happify reported
significantly greater improvements in subjective well-being
than did those who completed fewer activities. More
specifically, those who completed an average of 2 or more
activities per week had an average improvement of 24.5% (SD
79.3%) in their Happify Scale scores compared with 11.7% (SD
45.5%) among those who engaged below the recommended
level. No other effects were significant in either model.

Figure 3. Changes in subjective well-being (as measured by the Happify Scale) over time as moderated by use (recommended use: average of ≥2
activities per week; low use: average of <2 activities per week).
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Anxiety
The mean GAD-2 scores on the first assessment were 2.14 (SD
1.82), ranging from 0 to 6, and 116 of the 375 (30.9%) users
scored above the cutoff (ie, scores between 3 and 6) for likely
anxiety disorder. In addition to the significant main effects of
use (B=−0.31, 95% CI −0.60 to −0.02; P=.03) and time
(B=−0.002, 95% CI: −0.004 to −0.001; P<.001), the only other
significant main effect was for initial Happify Scale scores.
Older adults with higher Happify Scale scores on their first
assessment also had significantly lower levels of anxiety
symptoms overall (B=−0.04, 95% CI −0.05 to −0.04; P<.001).

As with subjective well-being, both main effects for use and
time were qualified by a significant use×time interaction

(B=−0.004, 95% CI −0.007 to −0.002; P<.001) and were no
longer significant once this interaction was added to the model
(use (B=−0.098, 95% CI −0.409 to 0.212; P=.54); time
(B=−0.001, 95% CI −0.002 to 0.001; P=.05). As depicted in
Figure 4, older adults who completed an average of 2 or more
activities per week reported significantly greater improvements
in anxiety symptoms than those who completed fewer activities.
More specifically, among older adults who engaged with the
program at the recommended level, there was a 25.6% (SD
58.3%) improvement in GAD-2 scores compared with 10.5%
(SD 88.3%) improvement among those who engaged below the
recommended level.

Figure 4. Changes in anxiety symptoms (as measured by the Generalized Anxiety Disorder 2 [GAD-2] scale) over time as moderated by use (recommended
use: average of ≥2 activities per week; low use: average of <2 activities per week).

Discussion

Principal Findings
The purpose of this analysis was to explore whether older adults
would engage with a digital well-being intervention and the
extent to which engaging with this intervention led to
improvements in subjective well-being and anxiety symptoms.
Our results show that approximately one-third of older adults
who qualified for our analysis engaged with the program at the
recommended level, which is consistent with the rates of
engagement reported in other analyses of Happify users that
did not include older adults [30].

Our results further showed that when older adults engaged at
this optimal level, they experienced significant improvements
in both subjective well-being and anxiety symptoms over time.
These improvements are also comparable (or better) to those
reported in other populations. For instance, a real-world analysis
of Happify users found a 10.47% improvement in positive
emotions (a subscale from the Happify Scale) over 8 weeks
[31], whereas a more recent analysis of Happify users with
self-reported migraines, where <1% of the sample was

represented by older adults, found an average improvement of
23.5% in subjective well-being and 26.05% in anxiety symptoms
[46]. The magnitude of change observed in the current analysis
is consistent with those observed in the migraine analysis and
better than what was reported in the study by Carpenter et al
[31], with improvements in well-being averaging 24.5% and
improvements in anxiety symptoms averaging 25.6%. These
findings add to the growing body of literature suggesting that
although technology adoption remains lower among older adults
[21], they nevertheless respond to digital interventions
[23,25-27,47]. By examining data from real-world users, our
data provide evidence that even outside controlled research
environments, older adults will sign up for digital well-being
interventions and engage with them at comparable rates to
younger users. This is important to understanding whether digital
interventions are a viable means of addressing the unmet need
for mental health care among older adults, regardless of their
efficacy. If older adults do not engage with digital interventions,
they cannot improve access to care.
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Improving Uptake of Digital Interventions Among
Older Adults
Our data show that older adults can benefit from digital
well-being interventions when they engage with them and that
those who adopt this technology appear to engage at rates similar
to what we find in younger age groups. However, it is worth
noting that the uptake of these digital interventions was lower
than that in other age groups. In the case of the Happify
program, older adults who qualified for our analysis made up
<3% of the general user base that met all other criteria for
inclusion. Therefore, it is important to explore methods to
increase older adults’ willingness to use these interventions.

One potential explanation for this lower uptake is that older
adults are less comfortable with emerging technologies. Indeed,
research has shown that older adults who are more confident in
their ability to use computers and the internet are more willing
to adopt new technologies [48] and become long-term users of
new digital programs [49]. Some researchers suggest that tablets
may be the answer to increased adoption of technology among
older adults [50]; however, our data suggest that only a small
proportion of older adults on Happify used tablets to access the
program. Generally, older adults still seemed to use
smartphones, followed by computers, to access the program.
Although more research is needed to explore the impact of
optimizing digital interventions for tablets, these data suggest
that the mode of delivery for digital interventions is not the root
cause of lower uptake.

Rather, the issue may have more to do with a lack of familiarity
with the interventions themselves than with technology. For
example, qualitative research with adults aged ≥50 years
suggests that the most common barrier to uptake of digital
interventions in this age group is a lack of understanding [28].
More specifically, many participants were unaware of digital
interventions, although they developed positive attitudes toward
such interventions when introduced to them during the study
session. However, other research suggests that awareness alone
may not be sufficient to overcome older adults’ skepticism about
how digital interventions can help improve their mental health
[51]. Consequently, education to improve awareness among
older adults may need to be coupled with support while learning
new technologies to increase use [52].

Designing Digital Interventions With Older Adults in
Mind
Beyond efforts to introduce older adults into digital
interventions, we also need to consider the unique needs of this
population, which might make digital interventions designed
for younger groups impractical for older adults. For instance,
qualitative research with older adults suggests that although
participants felt there were numerous benefits to technology,
many reported concerns with usability based on age- or
health-related changes in abilities (eg, difficulties with small
screens and manual dexterity) [51,53]. Certain features, such
as audio and voice recognition technology, may be required to
increase the usability of digital interventions in this population
[22]. Despite the proliferation of digital interventions available
on the market, few, if any, have been developed specifically
with older adults in mind. Given the increasing need for scalable

mental health solutions among older adults, and the unique
barriers to engaging with digital tools in this age group, product
development that actively includes end user feedback will be
imperative to the success of digital interventions among older
adults, both in terms of uptake and efficacy. Indeed, other
researchers have called for patient-centered or user-focused
research with older adults as part of digital intervention
development [54] or even exploring opportunities for
participatory co-design [55]. Although qualitative research on
older adults’ general perspectives on digital interventions and
technology exists [28], more user-centered work on older adults
as they engage with specific programs is needed.

Strengths and Limitations
Although the strength of this study is its ability to provide
insights into the real-world uptake of digital well-being
interventions among older adults, it also has several limitations.
First, given the lack of a control group, we could not determine
whether the changes in well-being or anxiety symptoms were
directly related to the intervention. We found that changes in
outcomes were significantly different based on use, such that
older adults who engaged with Happify at a minimal level
showed less improvement in both well-being and anxiety
symptoms compared with those who completed an average of
at least two activities per week. This moderating effect of use
suggests that the completion of Happify activities contributed,
at least in part, to changes in outcomes. However, research with
a control group is required to determine the causality. In
particular, given recent criticisms that the effects of digital
interventions are much weaker when compared to active controls
[56], future research should include a rigorous control that would
account for potential placebo effects as well as time.

Second, because of the naturalistic design, our analyses were
limited to users who signed up for the program on their own.
Consequently, it is likely that the older adults included in our
analysis were not representative of all older adults. In particular,
our sample predominantly consisted of older adults who
identified as women. Although this is often the case in research
on digital interventions and we found no significant effects of
gender in either of our models, some research suggests that
women may show greater improvements in mental health and
well-being outcomes after engaging in digital interventions [57].
Consequently, these findings may not be generalizable to men.

This is compounded by the fact that our analysis included those
users who engaged with the intervention for at least six weeks,
who completed activities, and who completed at least two in-app
assessments. Thus, our sample likely represents older adults
who are early adopters of digital interventions and are more
comfortable with the technology overall. Although it is
important to understand how this group of older adults will
respond to digital interventions, to determine whether these
interventions are a viable solution to address the unmet need
for mental health care among older adults, we need to test the
usability of these interventions with a broader population of
older adults. In particular, it is important to test the impact of
digital interventions among older adults who may experience
more barriers to engaging with these technologies, including
those less familiar or comfortable with technology, those with
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conditions that might interfere with their ability to use digital
tools (eg, cognitive deficits and mobility concerns), and those
from diverse backgrounds.

Finally, although we were able to isolate users aged ≥65 years,
because the question about age in the onboarding questionnaire
is categorical, it is impossible to examine the continuous effects
of age within this cohort. Research suggests that technology
adoption may be even lower among adults aged ≥75 years [21]
and that the benefits of digital interventions may be negatively
related to age among older adults [23]. Conceivably, our effects
may be driven by younger older adults, and in future research,
it will be important to determine users’ age more precisely.

Conclusions
As the population ages, the increasing need for mental health
care coupled with the shortage of mental health professionals
specializing in geriatric populations presents important concerns
regarding unmet care needs. Although digital interventions have

been presented as one way to address unmet needs in the general
population, few studies have specifically examined the impact
of such interventions on older adults. The current data add to
the growing body of evidence suggesting that although older
adults are less likely to begin using digital interventions without
efforts to familiarize themselves with these interventions, those
who engage with these interventions show corresponding
improvements in their mental health. This suggests that digital
interventions may present a viable opportunity to improve access
to mental health care among older adults. Importantly, digital
health programs may also help foster a sense of independence
among older adults [58], offering them opportunities to address
mental health concerns without feeling like they burden others
[51]. Given the potential benefits, developing digital
interventions specifically for older adults to address their unique
needs and to provide education surrounding digital interventions
to improve awareness of and comfort with these tools among
older adults should be a priority.
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Abstract

Background: Little is known about engaging patients and stakeholders in the process of scaling up effective knowledge
translation interventions targeting the public.

Objective: Using an integrated knowledge translation approach, we aimed to scale up and evaluate an effective pilot program
to disseminate research results in public libraries.

Methods: We conducted a scaling-up study targeting the public. On the basis of our successful pilot project, we codeveloped
and implemented a large-scale program of free citizen workshops in public libraries, in a close research partnership with stakeholders
and patient representatives. Citizen workshops, each facilitated by 1 participating physician and 1 science communicator, consisted
of a 45-minute computer-assisted presentation and a 45-minute open exchange. The intervention outcome was knowledge gained.
The scale-up outcomes were satisfaction, appropriateness, coverage, and costs. An evaluation questionnaire was used to collect
data of interest. Both quantitative and qualitative analyses were performed.

Results: The workshop theme chosen by the patient and stakeholder representatives was the high prevalence of medication
overuse among people aged ≥65 years. From April to May 2019, 26 workshops were conducted in 25 public libraries reaching
362 people. The mean age of participants was 64.8 (SD 12.5) years. In total, 18 participating physicians and 6 science communicators
facilitated the workshops. Participants reported significant knowledge gain (mean difference 2.1, 95% CI 2.0-2.2; P<.001). The
median score for overall public satisfaction was 9 out of 10 (IQR 8-10). The public participants globally rated the workshops as
having a high level of appropriateness. Coverage was 92% (25/27) of the total number of public libraries targeted. Costs were
CAD $6051.84 (US $4519.69) for workshop design and CAD $22,935.41 (US $17,128.85) for scaling them up.

JMIR Aging 2022 | vol. 5 | iss. 3 | e39016 | p.231https://aging.jmir.org/2022/3/e39016
(page number not for citation purposes)

Massougbodji et alJMIR AGING

XSL•FO
RenderX

mailto:France.Legare@mfa.ulaval.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusions: This project successfully established a large-scale and successful implementation science or knowledge translation
bridge among researchers, clinicians, and citizens via public libraries. This study provides a model for a dissemination practice
that benefits the public by both engaging them in the dissemination process and targeting them directly.

(JMIR Aging 2022;5(3):e39016)   doi:10.2196/39016

KEYWORDS

scaling up; knowledge translation; dissemination strategies; integrated knowledge translation; public libraries; citizen workshops;
potentially inappropriate medicines

Introduction

Scale Up of Health Interventions
Much research remains on the shelf. The average delay for
integrating research findings into healthcare delivery is still
estimated in units of decades, despite recent advances made in
implementation science or knowledge translation (both hereafter
referred to as KT) [1-3]. While KT attempts to address this gap,
most KT interventions target health professionals and ignore
the public [4]. Within the clinical context of primary care, the
public and patients are key end users of research findings. They
should be informed about new evidence that could benefit them
and be involved in any KT process that targets them [5,6].
Without patient and stakeholder involvement in judging the
relevance of the knowledge being transferred, the new
knowledge may not be patient-centered and remains in the hands
of the professionals delivering care. Any patient engagement
in KT is still mostly low level engagement [7]. Most health
intervention pilot projects, even if proven effective, remain on
the shelf. One way to bring effective pilot projects off the shelf
is to scale them up so that their benefits reach a broader
population. Scaling up is becoming an important motor of KT
and is developing into a science unto itself [8,9]. The process
of scaling up can be defined as “deliberate efforts to increase
the impact of successfully tested health innovations so as to
benefit more people and to foster policy and program
development on a lasting basis.” [10].

KT interventions rarely target the public directly, who are their
potential if not actual patients. Even web-based surveys are
unrepresentative of the public, as they only reach people with
educational and technological resources [11]. Meanwhile, public
libraries are known for their extensive population reach, as they
attract homeless and other marginalized patrons [12-14]. Their
patrons also see public libraries as a valuable resource for
medical information [15,16]. Furthermore, unlike other
service-providing institutions (eg, medical and some social
welfare institutions), libraries are widely trusted by the public
[14]. Therefore, they can be an excellent avenue for
disseminating accurate medical information to users. Ultimately,
this could lead to increased public expectations and demands
for care that is more patient-centered, thus changing the
dynamics of care between patients and providers [17] by
fostering positive behaviors such as shared decision-making by
both partners in the care relationship [18].

Workshops in Public Libraries as Effective KT
Interventions
In 2017, we established a proof of concept on the dissemination
of research results to the public through workshops in public
libraries. These pilot workshops, designed to raise awareness
of new knowledge in primary care research, were conducted
across 9 public libraries in Quebec City, Quebec, Canada. We
demonstrated evidence of their effectiveness by measuring the
acquisition of knowledge among participants [19]. First, we
hypothesized that one of the reasons for our pilot’s positive
results was the library setting. Public libraries are free
community-based civic institutions associated with increasing
knowledge at one’s own pace and in accordance with one’s
interests. This setting thus helped reduce the usual power
differential between health professionals and patients, as these
potential patients had freely chosen to be present instead of
being obliged to hear messages from health professionals.
Second, we give credence to our communication strategy,
whereby research findings were delivered by physicians who
were credible messengers and by a science communicator using
plain language accessible to lay people. Third, we successfully
mobilized several key stakeholders, such as physicians, a science
communicator, and a public library manager, and attracted the
public. Overall, our successful pilot workshops appeared to be
an appropriate candidate for scaling up, according to a World
Health Organization guide to scale up [10]. Evidence of their
effectiveness was sound, observable, and documented. They
had already been tested in a setting similar to the target setting.
We succeeded in maintaining comparable participation rates
for workshops across public libraries, which was a good
indication of the generalizability of our project. The model was
easily transferable, it matched the values of the target institutions
(such as libraries), and similar logistics could be applied. On
the basis of our body of evidence, our next step was to
investigate how these results would hold on a larger scale; that
is, by targeting more public libraries and delivering more
workshops. Ultimately, we expected that reaching a larger public
and increasing their knowledge would greatly impact population
health.

However, there is no point in scaling up KT intervention projects
that are not relevant to their target populations. Knowledge must
also be accessible to end users. To this end, the integrated
knowledge translation (IKT) approach has been increasingly
adopted in implementation studies [20]. IKT aims to gather the
views of all stakeholders, including knowledge users, throughout
the research process in an inclusive, engaging, and interactive
manner [21]. It is based on research partnership, the equitable
sharing of power, and mutual respect among all stakeholders.
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The benefits of this approach have been widely demonstrated
in the literature [22]. In this scaled-up version of our pilot, we
planned to engage patients and stakeholders from start to finish,
involving men and women at a high level of engagement [23];
that is, in choosing the theme, defining its content, and
evaluating its outcomes while maintaining or improving
workshop effectiveness.

Therefore, we aimed to scale up an effective pilot program to
disseminate research results to the public through citizen
workshops in public libraries using an IKT approach, while
maintaining fidelity and with equal or improved effectiveness.

Methods

As no specific reporting guidelines for scaling up studies are
available, we used an adapted version of the Standards for
Reporting Implementation Studies guidelines to report our study
[24]. We also relied on the Template for Intervention
Description and Replication reporting guidelines for the
description of the intervention [25].

Study Design
As with the pilot project, we conducted a pre-post intervention
study. Participants self-reported both preintervention and
postintervention outcome measures only after the intervention
was completed (reducing response shift bias for the outcome
measures and the burden on participants) [26,27]. Using an IKT
approach, we adapted the pilot methodology to engage patients
and stakeholders throughout this scaling up study. Therefore,
this study was not registered.

Context
While the pilot project took place in Quebec City, Quebec,
Canada, the scaled-up intervention was extended to Montreal,
Quebec, Canada, which, similar to Quebec City, is largely
Francophone, so the culture and language were similar.
However, it should be noted that Montreal has a higher
immigrant population and includes the city of Westmount,
Quebec, Canada, which is more Anglophone. There are also
economic differences between localities, with Westmount being
richer than most districts of Montreal and Quebec City.

Targeted Sites and Population
Convenience sampling was conducted to select libraries in
Quebec City, Montreal, and Westmount, which were able to
include a citizen workshop in their spring 2019 agenda and had
the necessary amenities (ie, video projector, laptop, speaker,
and room for 30 people). The target population for our study
was public library patrons aged ≥18 years. Their participation
was voluntary. To maximize the number of participants in the
libraries, and also to ensure a variety of profiles (eg, sex, age,
and education level) among all participants, libraries were free
to schedule citizen workshops on the dates and times they
deemed most convenient (ie, during the workday or in the
evenings and weekdays or weekends).

Planning to Scale Up the Intervention

Establishing a Committee
This scale-up study began with the formation of a preliminary
project steering committee and was informed by the Canadian
Institutes of Health Research Integrated and End-of-grant
knowledge translation frameworks [28]. The proposal for scaling
up the pilot intervention, that is, a presentation with layman-
and user-friendly content followed by an exchange period, was
consensually retained by the committee.

Name
We named this intervention citizen workshops because of the
strong involvement and responsibility of all stakeholders in the
process: primary care researchers would produce results and
make them available to physicians, science communicators, and
patient and research partners for dissemination to the public;
the public would identify the most relevant results; public
libraries would host the workshops; and science communicators
would facilitate them.

Recruitment
Through a convenience selection, we recruited stakeholder
representatives, including 4 experts in patient-oriented research,
1 science communicator, 1 primary care physician, and 2 public
library officials. The primary health care researcher, whose
results were selected for dissemination, and a patient expert (ie,
a patient or informal caregiver trained in research), who was a
caregiver of a patient facing the health problem addressed,
joined the committee for the remaining stages. The library
officials on the committee arranged for invitations to be sent to
all public libraries in Montreal, Westmount, and Quebec City
and then helped to identify the libraries that would host the
citizen workshops. In addition to the libraries' usual information
channels (programming pamphlets, websites, and social media
platforms), posters, a dedicated website [29] and radio
advertisements, social media platforms (Facebook), and
newsletters were used to reach the participants. These means
of promotion were designed and approved by all final committee
members including the patient expert.

The committee decided that each citizen workshop would be
moderated by a team consisting of a family physician as the
speaker and a science communicator in charge of facilitating
and articulating the message in plain language. Thus, researchers
and physicians on the committee issued a letter to be included
in primary care professional and research organization
newsletters, inviting any willing primary care physician
(emergency and family medicine) or resident to participate in
the project. The only prerequisite was that they had to have
good knowledge and practical experience of the health problem
addressed. Science communicators were selected by the science
communicator member of the steering committee according to
their ability to communicate orally in plain language, to lead a
constructive discussion with an audience, and to manage the
unforeseen (inappropriate questions, speaker forgetting
important details or explaining key concepts poorly, or technical
or operational mishaps) and their respectful and empathetic
attitude.
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IKT Strategies
We have involved different stakeholders as research partners
at all steps of our research process, except the patient caregiver
and the representative of winning researchers who were
identified and involved after the selection of the research results
to be disseminated. The research results selected allowed us to
determine the health problem addressed and therefore the
relevant profile of patients to be involved as research partners
in our study. The relevant patient profile we determined required
the permanent support of a caregiver. Therefore, we included
as the research partner a caregiver having substantial life
experience with the patient having a health problem of interest.

As research partners, the stakeholders contributed to the research
process using the following strategies: (1) the members of the
preliminary steering committee discussed and approved the aim
of the citizen workshops, which was to inform and raise
awareness of the research results that would be selected. (2)
Then, they identified the theme for which research results would
be disseminated in the citizen workshops: a call for research
results was issued to all primary health care research teams in
the province with a letter, validated by all committee members,
encouraging them to submit their research results for free
dissemination. The physicians and researchers on the committee
helped to identify the best means for disseminating the call for
research results throughout the province of Quebec
(dissemination networks of primary care research centers,
university hospital centers, faculties of medicine, pharmacy,
and nursing care in universities in Quebec). (3) Applications
were evaluated exclusively by the preliminary committee
members who reflected the voice of the main stakeholders,
including librarians, primary care physicians, experts in
patient-oriented research, and science communicators. (4) All
final committee members, including the patient expert and the
owner of the selected research results, participated in writing
and approving the script for the workshops. (5) Patients and
stakeholders on the committee were involved in all stages of
the implementation, including workshop observation, data
collection, and outcomes evaluation. (6) Meetings among all
actors, including the patient expert, were organized on a
bimonthly basis. A progress report was sent every 2 months
over 18 months. (7) Patients and stakeholders on the committee
were assigned to observe all workshops. Their role was to
distribute and collect evaluation questionnaires completed by
the participants of the citizen workshop. They ensured the
smooth running of the workshop and counted the number of
participants at the beginning of each citizen workshop. (8)
Preliminary results of the data analysis for the project were
discussed with stakeholders, and their comments and suggestions
were considered in the final interpretation of the results.

Implementing the Scaled-up Intervention

Preparation
To ensure consistency of citizen workshops across libraries,
materials for moderation (ie, PowerPoint [Microsoft Inc]
presentation, handouts, and notes for each individual moderator)
were sent 6 weeks earlier to all participating moderators. They
had 2 weeks to familiarize themselves with the materials. Then,
two 1-hour preparatory meetings, spaced 2 weeks apart, were

held by the committee and all participating moderators. During
these meetings, the committee gathered moderators’ feedback
on the documents for consideration and sought their approval.

Workshop Content
Each citizen workshop was divided into two 45-minute
equivalent parts: the first was a computer-assisted presentation
of the results, and the second was a knowledge exchange
between participants and physician presenters moderated by a
science communicator. The knowledge exchange included not
only the question-and-answer round but also knowledge sharing
through the lenses of scientific evidence, beliefs, personal
experiences, and values disseminated about the topic. First, an
introductory part raised public awareness of the health issues
related to the results by defining terms and providing context.
Then followed the actual results of the selected study and a
detailed description of their direct impact on the public and
potential repercussions on their health. In the knowledge
exchange session, the science communicator ensured that any
questions from the participants did not seek a personalized
medical consultation. This format was identical to that of the
pilot phase workshops, except for one major adaptation: the
addition of a video clip to the presentation in the first part of
the workshop with the testimony of the patient expert associated
with the project. We made this change because, in the pilot
study, the workshops generated greater gains in knowledge
among young people than among older people. We hypothesized
that older people might need information presented in a different
format to reach them better. On completion of the workshops,
participants were left with a handout outlining the research
results along with additional documents and resources about
the health problem addressed. Detailed information on the
content of the intervention and handouts can be available upon
request.

Maintaining Fidelity
Except for the addition of the video clip to the presentation,
efforts were made to maintain fidelity to the piloted workshop
concept and content. Workshops were given in French in all
libraries, even in areas that were predominantly Anglophone.
The same content was offered with moderators having
comparable profiles. To maintain fidelity, we had to add some
elements to the new contexts; for example, some public libraries
did not have projectors for the slide presentations with sound,
so we purchased our projection materials.

Evaluation

Outcomes of Scaling Up
Outcomes of scaling up were related to selected aspects of
acceptability and appropriateness of citizen workshops among
participants, workshop coverage, time, and costs.

According to the taxonomy of implementation outcomes by
Proctor et al [30], acceptability is the perception among
stakeholders that an innovation is agreeable or satisfactory while
appropriateness is the perceived fit, relevance, or compatibility
of the innovation. These outcomes were measured using 12
closed-ended questions regarding participants’ opinions of the
workshop. Acceptability was measured using 3 questions that
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focused on the structure of the activity, 3 questions on workshop
facilitation, and 2 questions on whether the workshop met their
expectations and whether they would recommend it to others.
Participants also indicated their overall satisfaction with the
workshop using a discrete 11-point scale where 0 corresponded
to unsatisfied and 10 corresponded to fully satisfied.

Appropriateness, on the other hand, was measured using 4
questions on the workshop quality and relevance. Answers to
all questions except general satisfaction were chosen from a
4-point Likert scale (ranging from 1, “totally disagree,” to 4,
“totally agree”). Qualitative data on participants’ acceptability
were also collected from open-ended questions in the evaluation
form.

Coverage was determined by determining the ratio between the
numerator (ie, the number of libraries that hosted the workshops)
and the denominator (ie, the number of libraries targeted for
participation).

A partial economic evaluation focusing solely on costs was
conducted separately for the workshop design costs and the
scaling-up costs to distinguish between modifiable costs related
to the scale-up strategy and nonmodifiable costs related to the
intervention. Costs for scaling up included remuneration of
steering committee members, medical moderators, science
communicators, and patient observers; purchase of the necessary
equipment; and actual delivery of workshops. Expenses related
to designing the citizen workshops included fees for steering
committee members for designing and writing the workshop
script, as well as filming the video clip incorporated into the
presentation.

Intervention Outcomes
The main outcome of the intervention was knowledge gain, as
perceived by the participants about the health problem
addressed. To assess this, we adapted the self-administered
questionnaire used in our pilot study [19]. This questionnaire
was administered to participants at the beginning of the
workshop, and they were invited to complete it at the end
(Multimedia Appendix 1). They rated their knowledge using a
discrete scale from 0 (very low) to 10 (very high).

Data were also collected on participants’ sociodemographic
characteristics, such as age, sex, and highest level of education.
Finally, other variables pertaining to workshop characteristics
were collected by direct observation during their delivery: the
time of day during which the workshops were held, the presence
or absence of the patient expert as an observer during the
workshop, and whether the speaker was a physician or resident.

Analysis
First, we performed a descriptive analysis of the participants
according to their sociodemographic characteristics and the
workshops they attended, their opinions, and their levels of
satisfaction and knowledge.

We used a 2-tailed paired t test to compare self-reported pre-
and postknowledge levels [31,32]. Comparative analyses of the
knowledge gain were then conducted according to the
characteristics of not only the participants but also the workshop
in which they participated. To this end, univariate linear

regression models of knowledge gain were constructed [33].
To assess how knowledge gains would vary across public
libraries, comparisons were also made according to the
workshops’ moderators (ie, each facilitator, speaker, and pair
of moderators) using an ANOVA test [34]. However, given the
skewed distributions of knowledge levels and gain, sensitivity
analyses were performed: first, the Wilcoxon signed rank
comparison test was used to compare before and after median
knowledge levels [35]. Second, unmatched rank tests on the
median and nonparametric multiple comparisons were
performed using the SAS NPAR1WAY procedure [36].
Statistical significance was defined as P<.05 (2-sided test).

All analyses were performed in the SAS software (version 9.4;
SAS Institute Inc). Qualitative data collected through
open-ended questions were transcribed by 1 author (JS) and
analyzed using an iterative deductive method discussed with
team members. For the economic evaluation, we calculated the
sum of expenses separately for the scaling-up strategies and for
the design of citizen workshops. The cost results are presented
in Canadian dollars. On April 5, 2019, CAD $1 was equal to
US $0.75.

Ethics Approval and Consent to Participate
Ethics approval was granted from the Comité d’éthique du
Centre intégré universitaire de santé et services sociaux de la
Capitale-Nationale under project 2019-1513. Informed consent
was first obtained verbally from the study participants at the
beginning of each conference as the conferences were recorded.
Written consent was obtained from the participants who agreed
to complete the conference evaluation forms. The study protocol
was approved by the ethics committee.

Results

Overview
Following the committee’s call for research results, 5 research
teams submitted their results. The results selected that responded
to public or patient interest, according to the selection
committee, addressed the high prevalence of the use of
potentially inappropriate medicines among people aged ≥65
years in Quebec [37].

Population
A total of 25 libraries, including 9 in Quebec City and 16 in
Montreal, agreed to host the citizen workshops. From April 4
to May 29, 2019, 26 workshops were offered in Montreal,
including 1 workshop in Westmount and 10 workshops in
Quebec City, with 1 library agreeing to host 2 workshops. A
total of 18 physicians were mobilized to present the selected
findings, and 6 facilitators were recruited. Consequently, 22
distinct pairs of moderators were assembled.

The citizen workshops drew 362 participants, with a mean of
13.9 (SD 6.0) participants per workshop. The evaluation
questionnaire was returned by 320 participants (Figure 1). Table
1 presents the sociodemographic characteristics of the
participants and characteristics of the workshops in which they
participated. The mean age of the participants from the public
was 64.8 (SD 12.5) years. Women accounted for 71.6%
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(229/320) of the participants from the public, and half had a
university-level education (172/320, 53.8%). Approximately
half (150/320, 46.9%) attended workshops in the evening, and

18.1% (58/320) had a patient partner present at their workshop.
Most participants (279/320, 87.2%) had a physician as the
speaker.

Figure 1. A flowchart of participants in citizen workshops.
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Table 1. Distribution of participants and citizen workshops and their characteristics.

Total (N=320)Quebec (n=142)Montreal and Westmount (n=178)

Participant characteristics

Sex, n (%)

229 (71.6)101 (71.1)128 (71.9)Female

76 (23.8)38 (26.8)38 (21.4)Male

15 (4.7)3 (2.1)12 (6.7)Missing data

Highest educational level, n (%)

54 (16.8)25 (17.6)29 (16.3)Secondary or lower

76 (23.8)34 (23.9)42 (23.6)College

172 (53.8)78 (54.9)94 (52.8)University

18 (5.6)5 (3.5)13 (7.3)Missing data

Age (years)

64.8 (12.5)64 (12.6)65.5 (12.4)Value, mean (SD)

18513Missing data (participants)

Workshop characteristics

Time of day, n (%)

81 (25.3)47 (33.1)34 (19.1)Morning

89 (27.8)8 (5.6)81 (45.5)Afternoon

150 (46.9)87 (61.3)63 (35.4)Evening

Presence of the patient partner, n (%)

58 (18.1)0 (0)58 (32.6)Present

262 (81.9)142 (100)120 (67.4)Absent

Qualification of physician speaker, n (%)

279 (87.2)116 (81.7)163 (91.6)Physician only

20 (6.6)20 (14.1)0 (0)Physician + resident

21 (6.6)6 (4.2)15 (8.4)Resident only

Outcomes

Outcomes of Scaling Up

Coverage

Of the 27 public libraries initially planned for the citizen
workshops, 25 held workshops, corresponding to a coverage of
92%.

Acceptability and Appropriateness of Citizen Workshops,
According to the Public

The median level of overall satisfaction was 9 (IQR 8.0-10) out
of 10. With regard to qualitative data, participants pointed out
the good quality of the PowerPoint presentation. They
particularly liked the inclusion of the interview with the patient
partner in the layout of the presentation. This could be
considered an indicator of the value of the patient caregiver in
IKT. Many participants also perceived and praised the effort to
communicate the research results in plain language through the
PowerPoint presentation and during workshop facilitation.
However, participants expressed some negative impressions,
notably that several libraries were open-plan concept and

therefore did not have dedicated rooms for this type of activity.
Although most participants found the length of the workshops
adequate (275/320, 86%), some found that there was not enough
time to discuss their concerns. The lowest approval score was
obtained for an item that assessed whether their active
participation had been encouraged (255/320, 79.7%). However,
for the same item, a high rate of missing responses (42/320,
13.1%) was noted. Regarding the moderation of the workshops,
most participants reported that the moderators provided an
atmosphere conducive to discussion (299/320, 93.5%) and gave
them useful answers (296/320, 92.5%). They also appreciated
the enthusiasm of the moderators and their complementarity
(308/320, 96.2%). Finally, most participants felt that the
workshop met their expectations (294/320, 91.9%), and 94.1%
(301/320) recommended the activity to others (Figure 2).

In terms of appropriateness, more than 9 out of 10 participants
found that the citizen workshops were accessible to a layman
audience and that the information presented to them was clear
and relevant. However, a low agreement was obtained regarding
the usefulness of the documentation provided to them (214/320,
66.9%). This was also the item for which the proportion of
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missing responses was the highest (79/320, 24.8%). However,
many participants found that information in the handouts was
too brief, and 1 participant suggested a more substantial

document with more information such as examples, useful
websites, and a detailed outline of the presentation.

Figure 2. Public participants’ opinions on citizen workshops (N=320).

Cost and Time

Workshop Design

In total, 16 people were mobilized to participate in the
committee. Regarding the design of citizen workshops, costs
were mainly the fees of the science communicator member of
the steering committee for the writing of the workshop’s script
and for the shooting of video clips embedded in the presentation.
These costs were CAD $6051.84 (US $4519.69). The patient
caregiver who had worked for the Quebec Strategy for
Patient-Oriented Research Support for People and
Patient-Oriented Research and Trials Unit did not receive
additional compensation in our study context. The script revision
and video clip editing were free, as they were performed by
other members of the steering committee with the tools already
at their disposal in their workplaces.

Scaled-up Workshop Delivery

None of the steering committee members billed for their time
since they were professionals who were already paid in their
respective workplaces, except the science communicator and
the patient expert. Their fee for scale up was CAD $3511.05
(US $2622.15). A software was purchased for the posters and
the website creation at a cost of CAD $453.10 (US $338.39).
The preparatory meetings for the scaled-up workshops, in terms
of travel, per diem, and food, cost CAD $4380.12 (US
$3271.20). For the scaled-up delivery of the citizen workshops,
7 external observers were mobilized in addition to the 24
moderators (18 physicians and 6 facilitators). The external
observers were research assistants and graduate students. They
were mandated to give and collect the evaluation questionnaire
completed by participants. They also counted the number of

participants and noted any incident occurred during the citizen
workshop. The per diem, travel, and accommodation expenses
of observers and moderators totaled CAD $13,620.65 (US
$10,172.31). The material used during the workshops (office
supplies, recorders, and pointers) was evaluated at CAD $970.49
(US $724.79). Total costs for scaling up the intervention were
CAD $22,935.41 (US $17,128.85). Therefore, the overall cost
for the project was CAD $28,987.25 (US $21,648.55).

The duration of the scaling-up process using the IKT approach,
from the creation of the steering committee to the beginning of
the citizen workshops, was 17 months and 8 months,
respectively, longer than that of the pilot project.

Intervention Outcomes

Knowledge Gain

The final analyses were carried out on 276 participants after
removing those whose information on their level of knowledge
about potentially inappropriate medicines either before or after
the citizen workshops was missing. On a knowledge scale of 0
to 10, participants reported that they were, on average, fairly
well informed about MIPs before the citizen workshops (mean
6.2, SD 1.8) and more so afterwards (8.2, SD 1.4). This
represented a significant (P<.001) mean increase in knowledge
of 2.1 (95% CI 2.0-2.2). Neither the range of participants’
sociodemographic profiles, the workshop characteristics, nor
the variety of workshop moderators (as individuals or as pairs)
appeared to modify the effect of the workshop on knowledge
gain (Table 2).

These results were confirmed in our sensitivity analysis
(Multimedia Appendix 2).
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Table 2. Comparison of knowledge gain among participants in citizen workshops (N=276)a.

P valuebβ (95% CI)Population, nCharacteristics

Participant characteristics

.97Sex

.01 (−0.46 to 0.48)208Male (reference female)

.06−.02 (−0.02 to 0.00)276Age (years)

.28Highest educational level

.01 (−0.54 to 0.56)48Up to secondary (reference university)

.37 (−0.10 to 0.85)70College (reference university)

Workshop characteristics

.59Time of day

−0.18 (−0.68 to 0.31)72Morning (reference evening)

.10 (−0.39 to 0.58)76Afternoon (reference evening)

.38Presence of the patient partner

.23 (−0.29 to 0.75)51Present (reference absent)

.22Qualification of physician speaker

−0.72 (−1.54 to 0.10)18Physician + resident (reference physician only)

.05 (−0.75 to 0.84)19Resident only (reference physician only)

.63eN/Ad18cAccording to the physician speaker

.47eN/A6fAccording to the facilitator

.60eN/A22gAccording to the pair of moderators

aN=276 (after deletion of observations with missing variables).
bP value of linear bivariate regression.
cNumber of physician’s groups.
dN/A: not applicable.
eP value of ANOVA test.
fNumber of facilitator’s groups.
gNumber of pair of moderator’s groups.

Harms

No harm was reported from stakeholders or workshop
participants.

Discussion

Principal Findings
We aimed to evaluate the scaling up of an effective pilot
program to disseminate research results through citizen
workshops in public libraries. The main departure of the
scaled-up intervention from strict fidelity to the pilot
intervention was that we adopted an IKT approach to ensure
that the citizen workshops faithfully reflected the needs and
interests of patients and other stakeholders at every step of the
intervention. We achieved high coverage of the project to scale
up the workshops, which generated high levels of satisfaction
among participants and high levels of acceptability and
appropriateness. Participants in the scaled-up citizen workshops
also reported an increase in their knowledge level of the subject

being discussed. These findings lead us to make the following
observations.

First, we achieved high coverage for the scaling-up citizen
workshop. This finding could be explained, in part, by the topic
being disseminated that was of great interest to most public
library users (old people). Another explanation could be that
the citizen workshop was integrated into the conference program
of participating public libraries. Therefore, there was no
additional logistical management that could limit the
participation of public libraries.

Second, our scaled-up citizen workshops led to an increase in
knowledge among participants. Interactive workshops have
been established as ideal for sharing knowledge across
professional and sectoral boundaries [38]. In this project, the
interactive aspect was emphasized as much as possible by adding
a video clip to the initial format of the workshops to better
communicate the patient’s perspective. Although the participants
in the scaling-up audience were much older than those in the
pilot project audience, our scaled-up citizen workshops, in
addition to being highly satisfying, led to an improvement in
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knowledge among these participants. These results confirm the
importance of designing a more detailed and inclusive format
for citizens’workshops, regardless of the topic under discussion,
to increase knowledge among all age ranges within the audience.
However, it should also be noted that these results did not allow
us to assess the extent to which an increase in knowledge among
public participants produced behavioral changes. A study in the
United States that evaluated the midterm impact of after-school
nutrition workshops in a public library setting and that targeted
adolescents and their parents, a program deemed by the authors
to be of low intensity even though it consisted of 5 workshops,
did not produce any lasting behavioral change after just 3
months [39]. Our citizen workshops, which were one-time
events, sought primarily to raise awareness, with behavioral
change as an indirect goal. The next step would be to evaluate
the immediate and midterm impacts of citizen workshops among
the public by assessing health outcome data related to the
themes, both at the time of the workshops and at intervals
afterward.

Third, adopting an IKT approach improved our scaling-up
results in the following ways: (1) the involvement of library
network stakeholders in identifying participating libraries could
explain the high coverage of our scaling-up project; (2)
prioritizing the public’s perspective to identify the results to be
disseminated, adopting a co-constructive approach to designing
the workshops, and holding preparatory meetings to allow
workshop moderators to make the content of the message their
own are all reasons that could explain our positive results in
terms of acceptability and appropriateness among the public.
These positive findings are also consistent with those of our
(non-IKT) pilot project. However, interestingly, they also turned
out to be of equal magnitude [19] despite the differences
between the pilot project and the scaling-up project. This last
observation also holds true for the increase in knowledge. This
maintenance of improved outcomes despite the change in subject
matter, the involvement of various workshop moderators, and
the sociodemographic and linguistic differences within the
participating public libraries is likely due to the modification
of the intervention by incorporating an IKT approach from start
to finish.

Fourth, to the best of our knowledge, this is the first scaling-up
study to address such high levels of patient and other stakeholder
engagement. Our scaled-up version of the workshop achieved
fidelity in terms of being true to the concept and content from
one site to another and largely true to the concept implemented
in the pilot trial, with the addition of a patient-designed video
clip. In this video clip, a caregiver having substantial life
experience with the patient told the patient’s story. We involved
this caregiver in the rest of the research process once the
research results to be disseminated were selected. Therefore,
the caregiver contributed as a research partner to the research
team meetings; workshop content development, planning, and
scaling up; and the revision of different research documents
(eg, materials related to citizen workshop). However, our pilot
project did not use an IKT approach; thus, in theory, our
scaled-up version of the intervention did not meet the strictest
fidelity requirements of adhering to the intervention, as outlined
in the original pilot design. This raises an interesting question

about KT. If new knowledge emerges between the pilot program
and the scaling-up phase (eg, evidence about the importance of
high-level patient engagement), should the scaled-up
intervention maintain fidelity at all costs or should this new
knowledge be integrated into the scaled-up version? The science
of scaling up must not restrict researchers to reproduce
interventions at a scale that excludes important new knowledge.
Indeed, we propose that, going forward, the IKT approach
should be, as far as possible, an essential and integral dimension
of scaling up. At first glance, IKT appears to be a cumbersome
approach because it requires constant consultation and
adaptation that could slow the process of scaling up [40,41].
However, it ensures that the effectiveness of the interventions
would not be diluted with scaling up and that the interventions
are worth scaling up because they respond to the real needs and
interests of patients and other stakeholders. In this sense, IKT
can also be perceived as a necessary regulator of the upscaling
process.

Fifth, as Milat et al [42] suggested, before scaling up an
intervention, evidence of its effectiveness should ideally be
provided through randomized controlled trials. In our case, it
was impossible to manipulate exposure to the intervention, and
so our evidence was from a natural experiment performed in
the real world. Therefore, we skipped the randomized controlled
trial step and went straight from our pilot project, a feasibility
study, to the scale-up phase. However, the results of the pilot
phase had already provided us information on scalability
elements. Scaling up has been taking place, under different
names, for several decades (especially in low- and
middle-income countries for quickly stemming the spread of
infectious diseases) [43], and current scale-up efforts in low-
and middle-income countries show that scale-up strategies must
be sufficiently flexible to respond to emerging questions [44].
Scaling up is still a new science and, as Milat et al [42] concede,
must build flexibility in its application to real-world
interventions.

Sixth, Quebec City, where our pilot took place, is almost
unilingual and Francophone. Our workshops were scaled up to
include libraries in Montreal, which has more immigrants and
is more culturally diverse, and Westmount, which is more
Anglophone. Although we did not measure these contextual
differences in our sociodemographic questionnaires, the positive
and consistent effect of citizen workshops on knowledge gain
is a good indication that extending our model to more diverse
populations will maintain acceptability and knowledge
acquisition levels. However, this does not preclude the
importance of adapting to different sociodemographic profiles
when scaling up. Further adaptations may depend on the theme
addressed, the target population, and the social situation. For
example, the modalities of mass gatherings have changed
dramatically during the COVID-19 pandemic. As a result,
modifications in delivery will have to be made to our citizen
workshops to follow public health recommendations.

Finally, we lacked the opportunity to conduct a complete
economic (cost-effectiveness) analysis. However, our partial
cost evaluation could be useful in the future for scaling-up
studies, which so far have rarely included economic evaluations
[43]. In addition, costs are considered an essential reporting
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item in the proposed guidelines for reporting on scaling-up
studies [45]. Full economic evaluations in the real context of
scaling up will also help choose efficient strategies involving
the high-level engagement of patients and stakeholders across
the scaling-up process and predicting the economic and human
resource costs of further scale up.

Limitations
The limitation of our study was, first, the fact that it had no
comparison group. However, our earlier pilot project results
helped us better understand some of the findings. It would be
interesting to compare the costs of using an IKT approach to
scale up our model without integrating patients and stakeholders,
although it is ethically questionable. Second, we included only
1 patient caregiver in the research process. This could have
limited the variety of patient perspectives in our research
process. However, our patient caregiver, as the daughter of the
patient, had not only a great life experience with the patient but
also a substantial experience of health system use. Indeed, the
caregiver supported her mother during different phases of her
disease progression. Third, participants in the citizen workshops
were self-selected citizens who responded to an advertisement
for the workshop. However, self-selection sampling has some
advantages: it reduces recruitment time, and self-selected
participants are more likely to be committed to participate in
the study (eg, more willing to spend time filling in the
questionnaire) and to provide insights into the theme [46].
Nevertheless, we failed to meet the more vulnerable populations

with lower literacy levels: half of the public in the workshops
were university graduates and therefore not representative of
Quebec's overall older adult population literacy level. Fourth,
the data were collected using self-reporting tools; however, the
impact of this on the effectiveness analysis should be, if
anything, an underestimation of the knowledge gain among
participants.

Conclusions
This project successfully established a large-scale and successful
KT bridge among researchers, clinicians, and citizens via public
libraries. We found that scaling up a program of citizen
workshops in public libraries resulted in high levels of
knowledge gain, content appropriateness, and acceptability. The
addition of an IKT approach involving patients and other
stakeholders as research partners throughout the process and
remunerating them improved the final product without harming
the scale-up outcomes. These findings, based on citizen
workshops integrating a computer-assisted presentation on
scientific evidence and patient video clips plus a knowledge
exchange session, highlight that an IKT approach and
patient-oriented research should no longer be optional. This
study provides a model for a dissemination practice that benefits
the public by targeting and directly engaging them in the
dissemination process. Public libraries are free and
power-neutral educational institutions, and this simple and
reproducible intervention is a ground-breaking knowledge
translation model.
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Abstract

Background: Older adults who engage in physical activity can reduce their risk of mobility impairment and disability. Short
amounts of walking can improve quality of life, physical function, and cardiovascular health. Various programs have been
implemented to encourage older adults to engage in physical activity, but sustaining their motivation continues to be a challenge.
Ubiquitous devices, such as mobile phones and smartwatches, coupled with machine-learning algorithms, can potentially encourage
older adults to be more physically active. Current algorithms that are deployed in consumer devices (eg, Fitbit) are proprietary,
often are not tailored to the movements of older adults, and have been shown to be inaccurate in clinical settings. Step-counting
algorithms have been developed for smartwatches, but only using data from younger adults and, often, were only validated in
controlled laboratory settings.

Objective: We sought to develop and validate a smartwatch step-counting app for older adults and evaluate the algorithm in
free-living settings over a long period of time.

Methods: We developed and evaluated a step-counting app for older adults on an open-source wrist-worn device (Amulet).
The app includes algorithms to infer the level of physical activity and to count steps. We validated the step-counting algorithm
in the lab (counting steps from a video recording, n=20) and in free-living conditions—one 2-day field study (n=6) and two
12-week field studies (using the Fitbit as ground truth, n=16). During app system development, we evaluated 4 walking patterns:
normal, fast, up and down a staircase, and intermittent speed. For the field studies, we evaluated 5 different cut-off values for the
algorithm, using correlation and error rate as the evaluation metrics.

Results: The step-counting algorithm performed well. In the lab study, for normal walking (R2=0.5), there was a stronger
correlation between the Amulet steps and the video-validated steps; for all activities, the Amulet’s count was on average 3.2
(2.1%) steps lower (SD 25.9) than the video-validated count. For the 2-day field study, the best parameter settings led to an

association between Amulet and Fitbit (R2=0.989) and 3.1% (SD 25.1) steps lower than Fitbit, respectively. For the 12-week field

study, the best parameter setting led to an R2 value of 0.669.

Conclusions: Our findings demonstrate the importance of an iterative process in algorithm development before field-based
deployment. This work highlights various challenges and insights involved in developing and validating monitoring systems in
real-world settings. Nonetheless, our step-counting app for older adults had good performance relative to the ground truth (a
commercial Fitbit step counter). Our app could potentially be used to help improve physical activity among older adults.
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Introduction

Older adults are faced with an increased risk of developing
multiple comorbid medical conditions, social isolation, and
reduced physical function, which can lead to an increased risk
of disability [1]. An inability to engage in activities of daily
living may increase mortality risk and premature nursing home
placement [2]. Hence, it is critical to encourage older adults
with multimorbidity to engage in interventions that improve
health, including physical activity. In fact, simple
community-based walking programs and resistance-based
programs [3] have effectively demonstrated reductions in the
long-term risk of disability [4]. Even short bouts of walking can
improve quality of life, physical function, and cardiovascular
fitness in older adults [5].

Traditional consumer-based health-promoting endeavors, such
as Silver Sneakers [6], have been scaled and widely
disseminated across the United States. Randomized control
trials have also shown the short- and long-term benefits of
physical activity. However, sustained motivation continues to
be a challenge for many individuals. Simple encouragement by
clinicians may enhance engagement [7]. Yet, a study of
accelerometry data demonstrated that only 7.6% of older adults
aged 65 years meet Physical Activity Guidelines for Americans
[8]. These pragmatic challenges demonstrate the need to
overcome the barriers of traditional health promotion to enhance
self-efficacy and behavioral change.

Older adults are the fastest-growing group of technology users;
one survey suggested that 61% of older adults use smartphones
[9], an increase from 23% in 2013 [10]. In fact, over 50% of
older adults use social media [9]. Remote monitoring using
fitness devices has now become ubiquitous in many countries
where technology is readily available. In both consumer-based
and academic-focused trials, it continues to be challenging to
find a balance between clinical accuracy and ease of use. Current
algorithms in consumer devices (such as Fitbit) are proprietary
and often are not tailored to the group being evaluated in a
clinical setting, such as older adults in free-living conditions,

and have been shown to have wide error rates in such contexts
[11,12]. A few smartwatch-based step-counting algorithms have
been developed using data from young adults and validated in
controlled settings only [13,14]. Matthies et al [15] developed
a smartwatch step-counting app for older adults who use a
walking frame equipped with wheels, which was evaluated
outdoors, but only in a controlled setting, with 5 older adults.
To the best of our knowledge, a smartwatch step-counting app
for older adults has not been developed and validated in
free-living settings over a long period of time with a large
sample.

We previously developed GeriActive, an app that measures the
daily activity levels (low, moderate, or vigorous) of older adults
[16]. We aimed to develop and validate a smartwatch-based
step-counting algorithm for older adults that runs as an app on
the Amulet device. The Amulet is an open-source wrist-worn
device that has been used for various mobile health studies,
such as stress and physical activity monitoring [17,18]. The
Amulet platform enables developers to write energy- and
memory-efficient apps.

Methods

Study Overview
We validated the step-counting algorithm with older adults in
the lab (using videorecordings as ground truth) and in 2
free-living studies (using the Fitbit as ground truth) lasting 2
and 12 days.

Overview of Step Counter App
Our step-counting Amulet app estimates the number of steps
taken over the course of a day and displays the information on
the Amulet screen, similar to the functionality of a pedometer
or of other wearable devices (Figure 1). The app continuously
estimates the number of steps for each 5-second window,
updating the count viewed by the user. It uses a 2-step process:
machine learning is used to determine if physical activity
occurred in the most recent 5 seconds of data, and then, the
number of steps is estimated by counting the number of peaks.
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Figure 1. The Step Counter App with the step count displayed at the bottom.

Activity-Detection Algorithm
We used a linear support vector machine that classifies each
5-second window of accelerometer data into low, moderate, or
vigorous activity [16]. We trained the algorithm on data
collected from older adults who performed various physical
activities: sitting, standing, lying down, walking, and running
[16,19]. Our evaluation of the algorithm produced an accuracy
of 91.7% using leave-one-subject-out cross-validation. If the
output of the algorithm is moderate or vigorous, the
step-detection algorithm is run to determine the number of steps
in the 5-second window. This 2-phase approach was necessary
to reduce false positives by preventing various actions such as
random hand motions from being counted as steps.

Step-Detection Algorithm
The step-detection algorithm estimates the number of steps in
5 seconds of acceleration data. The algorithm uses the magnitude
of the acceleration of the 3-axis accelerometer of the Amulet.
It is a 3-stage process consisting of zero-meaning, filtering, and
peak detection, using an approach similar to that described in
[13]. First, to ensure the data have a mean of zero, for each
sample, we subtract the average of the preceding 20 data
samples. Subsequently, a moving-average filter is applied, that
is, each sample is replaced with the average of the 3 preceding
samples. Finally, peaks in the filtered signal are identified by
checking for change of slope. If the slope changes from positive
to negative, and the peak value is above a certain threshold,
then the peak is counted as a step. The cut-off threshold was
initially empirically determined and then tuned.

Ethics
Studies were approved by the Committee for the Protection of
Human Subjects at Dartmouth College and the

Dartmouth-Hitchcock Institutional Review Board (28905). All
participants provided signed informed consent.

Participants
Participants were recruited through the Center for Health and
Aging at Dartmouth and primary care practices at
Dartmouth-Hitchcock using flyers, listservs, and posters. This
was a convenience sample; our results may not necessarily be
applicable to other groups.

Laboratory Study
Data for the development and evaluation of the step-detection
algorithm were collected at our Dartmouth campus laboratory.
Older adults (n=20, age ≥65 years) were asked to perform
different types of walking (normal, fast, up and down a staircase,
and intermittent) while wearing an Amulet. The Amulet
collected raw acceleration data at a frequency of 20 Hz and
logged the magnitude, which we later used to develop the step
algorithm. The participants were videotaped. The video was
independently reviewed to count steps by 2 individuals
independently (JAB, RKM) and any differences were later
reconciled. We used these data for the preliminary development
of the step-detection algorithm and evaluated the algorithm
using the error rate (the percentage difference between the
algorithm’s estimated step count and the ground-truth step count
measured from the video).

2-Day Field Study
We conducted a 2-day field study in which older adults (n=7,
age ≥65 years) wore an Amulet device (running our step counter
app) and a Fitbit Flex 2 device (Fitbit Inc) on the same wrist
for 2 days. We compared each participant’s step count estimated
by their Amulet (exploring 5 different cut-off values) with their
step count reported by the Fitbit (downloaded from the
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individual’s research-based Fitbit account). The error rate
between Fitbit’s steps and Amulet’s steps for each of the 5 peak
cut-off values was computed.

12-Week Field Study
We conducted a field study (2 cohorts, 12 weeks each) to test
the step-detection algorithm with the target population—older
adults with obesity. This study was a subset of a larger study
that evaluated the impact of a combined weight loss and exercise
intervention in older adults with obesity [20]. The goal of this
analysis was to compare the Amulet’s step-count estimate with
the Fitbit’s step count over a long period in real-world settings.

Participants (Table 1) from both rounds wore an Amulet and
Fitbit on the same wrist for 12 weeks. The Amulet logged the
summary steps on an SD memory card hourly and at the end of
each day. A research assistant copied the data from each
participant’s SD card on a biweekly basis. The Fitbit logged a
summary of each day’s step count (computed by a proprietary
algorithm) to the Fitbit app on the participant’s Android tablet,
which uploaded the data to the Fitbit servers; we subsequently
used the Fitbit research API to download participants’ data.
After 10 weeks of monitoring data from the first cohort, we
modified the step-detection peak cut-off value to minimize the
error rate relative to ground-truth step count data from the Fitbit.

Table 1. Participant characteristics.

Value (n=16)Characteristic

Age (years)

74.1 (5.6)Mean (SD)

66-87Range

Sex, n (%)

4 (25)Male

12 (75)Female

Marital status, n (%)

7 (44)Married

8 (50)Divorced

1 (6)Widowed

Smoking history, n (%)

13 (81)None

3 (19)Formerly smoked

Education, n (%)

2 (12)High school

5 (31)Some college

3 (19)College degree

6 (38)Postcollege degree

97.06 (18.2)Weight (kg), mean (SD)

36.8 (4.9)Body mass index (kg/m2), mean (SD)

14 (87)Multimorbidity, n (%)

Comorbidities, n (%)

2 (12)Diabetes

1 (6)Fibromyalgia

6 (38)High cholesterol

9 (56)Hypertension

6 (38)Osteoarthritis

Statistical Analysis
We calculated the mean with standard deviation for continuous
measures and count with percentage for categorical measures.
Although participants were instructed to wear the Amulet and
Fitbit simultaneously, not all participants did so the entire time.

We thus limited the data to days for which it was safe to assume
that they were worn for nearly the same amount of time. The
Amulet was able to detect if it was worn each hour, so we
considered the Amulet to be worn if the Amulet was worn for
75% of a 15-hour day (675 minutes); the Fitbit only reported
daily step count, so we considered the Fitbit to be worn if the
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step count was greater than 100. We selected these parameters
from an understanding of the distribution of wear time over the
course of a 24-hour day and the distribution of steps expected
for this population per day [21]. Comparisons between Amulet
and Fitbit were limited to data from days for which both were
worn. We conducted bivariate linear regression to compare the
association between Amulet and video-counted steps during
various activities (laboratory study) and between Amulet and
Fitbit steps (2-day and 12-week field studies). We compared
Amulet steps to Fitbit steps using percentage difference
(difference between Amulet and Fitbit steps divided by Fitbit
steps).We used Bland-Altman plots to compare the agreement

between Amulet and Fitbit steps. For our analysis, we defined
significance as P<.05.

Results

Laboratory Study
There was a strong linear association when participants walked
normally (Figure 2; Table 2). For normal walking, the Amulet
step-detection algorithm undermeasured the number of steps
taken by an average of 6.7 steps (SD 32.6). Across all activities,
the Amulet was on average 3.2 steps lower (SD 25.9) or 2.1%
(SD 31.9%) lower than video-validated steps (Figure 2). The
distribution was slightly positively skewed.

Figure 2. Association between Amulet-estimated steps and video-validated steps.

Table 2. Step count for different walking activities.

Percentage errorAmulet, n (%)Video-validated, n (%)Activity

8.53 (20.02)110.72 (22.7)102.62 (14.7)Fast

1.71 (33.28)99.48 (30.8)101.02 (18.7)Intermittent

–6.68 (32.55)77.14 (33.9)84.9 (31.9)Normal

–7.55 (36.97)45.52 (13.2)52.76 (13.4)Stairs
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2-Day Field Study
We discarded 1 participant’s data because the data indicated
the devices had not been worn much (step counts were less than
350 per day). The associations between each participant’s daily
step counts reported by the Amulet and Fitbit were high for all
cut-off thresholds (Figure 3). The third cut-off threshold had

the highest association between Amulet and Fitbit steps

(R2=0.989). Cut-off threshold number 2 had the smallest mean
percentage difference between Amulet and Fitbit (–3.1%, SD
25.1) of all cut-off thresholds (threshold 1: mean 15.27%, SD
33.19; threshold 3: mean –10.77, SD 23.43; threshold 4: mean
7.18, SD 29.28; threshold 5: mean –4.11, SD 24.94) (Figure 4).

Figure 3. Association between Amulet and Fitbit steps for different cut-off values: 2-day field study.

Figure 4. Distribution of percentage difference between Amulet and Fitbit steps by cut-off threshold.
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12-Week Field Study Results
Across both 12-day field studies, there were 297 participant-days
for which both the Fitbit and Amulet had been worn. Cohort 2
used the modified app. For the first cut-off threshold (version
1), we recorded 86 participant-days; the average Fitbit step
count was 5797 steps (SD 3296), and the average Amulet step
count was 9780 steps (SD 3719). For the second cut-off
threshold (version 2), we recorded 211 participant-days; the
average Fitbit step count was 6415 per day (SD 3751), and the
average Amulet step count was 7956 per day (SD 3324). The

association between Fitbit steps and Amulet steps improved

(first cut-off threshold: R2=0.386; second cut-off threshold:

R2=0.669) (Figure 5). There was improved agreement between
both measures with the second cut-off threshold (Figure 6).
There were 9 observations by 5 unique participants with
differences 2 standard deviations higher than the combined
difference mean. These observations had an average Fitbit and
Amulet step count of 1373 (SD 1988) and 10,689 (SD 1971),
which suggested that participants may have taken their Fitbits
off at some point during the day before removing their Amulet.

Figure 5. Association between Amulet and Fitbit steps by algorithm version. Each line is a linear regression for each participant, colored separately,
with the overall linear regression in black. Version 1 represents the app used during the first 10 weeks of cohort 1, and version 2 represents the app used
during the final 2 weeks of cohort 1 and all 12 weeks of cohort 2.
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Figure 6. Bland-Altman plots of Amulet and Fitbit step measures by algorithm version. The blue line represents the mean difference between Amulet
and Fitbit steps per day. Each red line represents 2 SD of the difference. Version 1 represents the app used during the first 10 weeks of cohort 1, and
version 2 represents the app used during the final 2 weeks of cohort 1 and all 12 weeks of cohort 2.

Discussion

We found that an open-source platform and algorithm developed
for older adults can capture daily step counts with reasonable
accuracy. Our findings demonstrate the importance of an
iterative process in algorithm development before field
deployment. First, our lab-based data provided confidence in
the algorithm’s step estimates, making a case for a real-world
evaluation. We then tested the algorithm in a 2-day field study
before full-scale deployment. The step estimates from our
algorithm were highly correlated with the step counts from the
Fitbit for all peak cut-off thresholds, with low error rates. These
results provide evidence that the algorithm worked well in
free-living conditions, albeit for a short duration. We used the
cut-off threshold with the lowest error rate for the subsequent
field studies conducted over longer periods.

As with any user study, there are differences between field-based
conditions and those in laboratory settings or short-duration
studies. The poorer results in the 12-week study (cohort 1) may

have been a result of the differences between the populations
used for developing and evaluating the algorithm (older adults
vs older obese adults). Older adults with obesity have a higher
degree of comorbid conditions [22], along with differences in
stride length, cadence, and gait [23], which may impact either
algorithm. Additionally, the longer time period (12 weeks vs 2
days) could have allowed the occurrence of a greater number
of confounding situations, such as both devices not being worn
at all times or one device being off while the other was on.
These results make a strong case for developing and refining
algorithms with data from the target population and evaluating
algorithms in the conditions for which they were designed.

Based on our observations in the first 10 weeks of cohort 1, we
modified the peak cut-off threshold to minimize the error rate
and evaluated version 2 of the algorithm in a study of the same
duration with different participants from the same target
population (cohort 2). Version 2 exhibited better performance
in terms of correlations and error rates.
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One limitation of this work is that we used the Fitbit as ground
truth. Given that the Fitbit device (and its proprietary algorithm)
was not specifically developed for this population (older adults
with obesity), it is difficult to say whether our algorithm
performed better or worse than Fitbit’s algorithm relative to the
ground truth. The ideal ground truth would have been to use
video recording, as we did in the lab study, but videorecording
is not feasible for field studies due to privacy limitations. Hence,
a device such as the Fitbit was the best compromise.

Although Fitbit outputs have been shown to have high
correlations with those of other step-counting devices when
used with older adults in free-living settings, results have varied
depending on the specific Fitbit device used, device placement
(wrist vs waist), and the comparison device used [24-27]. We
hypothesized that the Fitbit would underestimate the steps of
older adults in comparison to the Amulet, because the Fitbit
was developed using data from younger adults, and older adults
move more slowly [28]. Thus, we expect the overall true step
count to be higher than Fitbit’s estimate. Hence, we settled for
the case where our algorithm overestimated the steps but was
highly correlated with Fitbit’s estimate. In addition, the Fitbit
data were captured daily, whereas Amulet data were captured
hourly. Had hourly data been available from both, we could
have performed a fine-grained comparison between the
algorithms. Finally, it was not possible to get a good sense of
wear time from the Fitbit as we did in the Amulet. We could
only use the Amulet’s wear time estimate and a minimum Fitbit
daily step count of 100 steps as the threshold for being worn.

Because we were evaluating predominantly intraperson
variability (ie, the purpose was not to evaluate the impact of
any intervention), we did not measure baseline characteristics
of the participants (eg, disease regarding walking behavior, such
as Parkinson disease, musculoskeletal disorders). Future studies
should determine whether such characteristics could have an
impact on our results.

The use of an open-source system, such as the Amulet,
highlights researchers’ ability to develop algorithms that are
tailored and trained for a target population such as older adults.
With the constant iteration of consumer devices and algorithms,
it is difficult to ensure precision and accuracy for groups that
need to be more physically active, such as older adults. Hence,
it is important to develop and examine products that can meet
their needs. Providing imprecise or inaccurate information on
physical activity could undermine the motivation of this
population to increase their physical activity. We recommend
that future work demonstrate validity of algorithms in these
populations and identify situations where data collection can
be the most clinically relevant and actionable.

Our step-count algorithm performed well in comparison with
Fitbit, with high correlations and low error rates. Overall, this
work highlights various challenges and insights involved in
developing and validating monitoring systems in real-world
settings.
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Abstract

Background: Story recall is a simple and sensitive cognitive test that is commonly used to measure changes in episodic memory
function in early Alzheimer disease (AD). Recent advances in digital technology and natural language processing methods make
this test a candidate for automated administration and scoring. Multiple parallel test stimuli are required for higher-frequency
disease monitoring.

Objective: This study aims to develop and validate a remote and fully automated story recall task, suitable for longitudinal
assessment, in a population of older adults with and without mild cognitive impairment (MCI) or mild AD.

Methods: The “Amyloid Prediction in Early Stage Alzheimer’s disease” (AMYPRED) studies recruited participants in the
United Kingdom (AMYPRED-UK: NCT04828122) and the United States (AMYPRED-US: NCT04928976). Participants were
asked to complete optional daily self-administered assessments remotely on their smart devices over 7 to 8 days. Assessments
included immediate and delayed recall of 3 stories from the Automatic Story Recall Task (ASRT), a test with multiple parallel
stimuli (18 short stories and 18 long stories) balanced for key linguistic and discourse metrics. Verbal responses were recorded
and securely transferred from participants’personal devices and automatically transcribed and scored using text similarity metrics
between the source text and retelling to derive a generalized match score. Group differences in adherence and task performance
were examined using logistic and linear mixed models, respectively. Correlational analysis examined parallel-forms reliability
of ASRTs and convergent validity with cognitive tests (Logical Memory Test and Preclinical Alzheimer’s Cognitive Composite
with semantic processing). Acceptability and usability data were obtained using a remotely administered questionnaire.

Results: Of the 200 participants recruited in the AMYPRED studies, 151 (75.5%)—78 cognitively unimpaired (CU) and 73
MCI or mild AD—engaged in optional remote assessments. Adherence to daily assessment was moderate and did not decline
over time but was higher in CU participants (ASRTs were completed each day by 73/106, 68.9% participants with MCI or mild
AD and 78/94, 83% CU participants). Participants reported favorable task usability: infrequent technical problems, easy use of
the app, and a broad interest in the tasks. Task performance improved modestly across the week and was better for immediate
recall. The generalized match scores were lower in participants with MCI or mild AD (Cohen d=1.54). Parallel-forms reliability
of ASRT stories was moderate to strong for immediate recall (mean rho 0.73, range 0.56-0.88) and delayed recall (mean rho=0.73,
range=0.54-0.86). The ASRTs showed moderate convergent validity with established cognitive tests.

Conclusions: The unsupervised, self-administered ASRT task is sensitive to cognitive impairments in MCI and mild AD. The
task showed good usability, high parallel-forms reliability, and high convergent validity with established cognitive tests. Remote,
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low-cost, low-burden, and automatically scored speech assessments could support diagnostic screening, health care, and treatment
monitoring.

(JMIR Aging 2022;5(3):e37090)   doi:10.2196/37090

KEYWORDS

neurology; memory; episodic; speech; psychometrics; reliability; validity; aging; elder; older adult; Alzheimer disease; mild
cognitive impairment; mobile apps; mobile health; mHealth; smartphone; cognition; cognitive decline; cognitive impairment;
development; validation; recall; memory; story; stories; observational study; acceptability; usability; semantic; cognitive test;
speech; linguistic; mobile phone

Introduction

With the first disease-modifying treatment for Alzheimer disease
(AD) now available [1], there is an increased need for broader
screening and improved monitoring of disease progression and
treatment response. Cognitive assessments are currently some
of the least invasive and most cost-effective measures available
for screening for AD and related impairments. Furthermore,
they are supported for use as endpoints of treatment efficacy
early in AD by key regulatory bodies, including the US Food
and Drug Administration [2] and the European Medicines
Agency [3].

However, many cognitive assessments are lengthy, require
trained personnel to administer and score, and offer few parallel
test variants, making them susceptible to practice effects. More
importantly, test performance is measurably influenced by a
range of state factors such as sleep [4], exercise [5], mood [6],
and stress [7]. This variation can lead to inaccurate impression
of improvement or decline over time [8]. Higher-frequency
sampling can generate more stable and reliable estimates of
constructs of interest by controlling for state effects [9] and
delineating short-term cognitive fluctuations from longer-term
changes associated with treatment response and disease
progression [8].

Story recall is a cognitive testing paradigm used to assess verbal
episodic memory and is commonly used to track AD-related
decline, often as a component of cognitive composite tests
[10-14]. Story recall is impaired in Alzheimer dementia [15],
shows variable differentiation of individuals with mild cognitive
impairment (MCI) from those that are cognitively unimpaired
(CU) [16], and predicts progression from MCI to Alzheimer
dementia [17].

Most story recall tests are administered in person and scored
manually, but research has shown that scoring can be fully
automated using natural language processing technologies [18].
This suggests that story recall tests could be administered in
clinic at a lower cost and with reduced clinician time burden.
Moreover, these tests may be suitable for use in remote
assessment, provided that they are properly developed and
validated and that test administration can be automated.

Although remote digital assessments are not new, the COVID-19
pandemic accelerated the need to adopt remote or hybrid clinical
assessment or research methods [19,20]. Alongside advances
in technology and connectivity, this has led to a growing interest
in the use of personal digital devices to collect clinically
informative data. Beyond this, digital health technologies can

enhance inclusivity, improving access for people who experience
mobility problems or those with financial, geographical, or time
restrictions [21]. The continued drive toward remote assessment
may be particularly important in older adults who are at a
substantially increased risk in the pandemic [22]. Although
holding promise for improving convenience and access, there
are concerns about whether digital assessment methods are
particularly challenging in this population, particularly for those
with dementia or milder forms of cognitive impairment [23].

This study describes the Automatic Story Recall Task (ASRT),
a remote, self-administered, and automatically scored test
developed for repeated cognitive assessment, opening up
opportunities for more nuanced longitudinal data analysis. Test
characteristics were examined in participants who were CU,
and individuals with MCI or mild AD. Participants were
assessed repeatedly over 1 week. This study examined (1) the
acceptability of remote ASRT assessment, (2) adherence to
daily ASRT assessments, (3) parallel-forms reliability, (4)
convergent validity with cognitive and clinical assessments, (5)
task performance characteristics, and (6) the effect of daily
internal state factors.

Methods

Recruitment
Participants were recruited from November 2020 to August
2021 in the United Kingdom (London, Guildford, Plymouth,
and Birmingham) and the United States (Santa Ana, California).
Research participants were enrolled if they were CU or
diagnosed with MCI in the previous 5 years. In the UK study,
participants diagnosed with mild AD in the last 5 years were
also included. MCI due to AD and mild AD diagnoses were
made according to the National Institute on Aging–Alzheimer’s
Association core clinical criteria [24]. Participants were
approached if they had undergone a prior amyloid beta positron
emission tomography scan or a cerebrospinal fluid test
(confirmed amyloid beta negative within 30 months or amyloid
beta positive within 60 months). Eligibility was established by
screening via video calls using a secure Zoom (Zoom Video
Inc) link (UK study) or in-clinic assessment (US study), during
which the Mini-Mental State Examination (MMSE) [25] was
administered. For remote administration, no controls for
potential environmental prompts to orientation questions
(calendars, clocks, watches, etc) were implemented.

Inclusion criteria were as follows: age 50 to 85 years; MMSE
raw score of 23 to 30 for participants with MCI or mild AD and
26 to 30 for CU; CU or clinical diagnosis of MCI or mild AD
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made in the previous 5 years; English as a first language;
availability of a study partner for Clinical Dementia Rating
scale (CDR) [26] semistructured interview; and access and
ability to use a smartphone running an operating system of
Android 7 or above, or iOS 11 or above.

Exclusion criteria were as follows: current diagnosis of general
anxiety disorder, recent (6 month) history of unstable psychiatric
illness, history of stroke within the past 2 years, or a documented
history of transient ischemic attack or unexplained loss of
consciousness in the last 12 months. Participants treated with
medications for symptoms related to AD were required to be
stabilized on these medications for at least 8 weeks before study
entry and throughout the study. Participants with a current
diagnosis of major depressive disorder (United Kingdom) or
those with a current or 2-year history of major depressive
disorder (United States) were excluded.

Ethics Approval
This research was approved by the institutional review boards
of the relevant research authorities (UK research ethics
committee reference: 20/WM/0116; US Institutional Review
Board reference: 8460-JGDuffy). Informed consent was obtained
at the study site (United States) or electronically in accordance
with the health research authority guidelines (United Kingdom).
The studies are registered at ClinicalTrials.gov (NCT04828122
and NCT04928976).

Procedure

Clinical Assessments
Participants completed clinical assessments via a secure Zoom
link (United Kingdom) or in clinic (United States), completed
with a trained psychometrician. The tests reported in this study
are described in detail below.

The Wechsler Logical Memory (LM) Test “Anna Thompson”
story variant evaluated the free recall of a story according to 25
predefined information units (a metric quantifying the amount
of information recalled [27]) immediately after presentation and
after a 30-minute delay. Variants presented included the original
Wechsler Memory Scale (WMS) text for the US sample [28]
and the WMS 3rd edition text for the UK sample [29].
Paraphrased answers were accepted for both text variants, and
scoring was completed manually according to the instructions
and in alignment with the administration and scoring guidelines.
The immediate and delayed recall scores were obtained.

Cognitive tests incorporated in the Preclinical Alzheimer’s
Cognitive Composite with semantic processing (PACC5) were
administered. Tests were manually scored, and a mean Z-score
was calculated as described previously [11]. The composite
includes summary scores from five measures: (1) the MMSE
[25], a global cognitive screening test; (2) LM Delayed Recall
[28,29], a delayed story recall test; (3) Digit-Symbol Coding
[30], a symbol substitution test; (4) the sum of free and total
recall from the Free and Cued Selective Reminding Test [31],
a multimodal associative memory test; and (5) category fluency
(animals, vegetables, and fruits), a semantic memory test.

The CDR [26], a semistructured interview assessing the severity
of cognitive symptoms of dementia, was completed with the

participants and their study partners and scored based on the
CDR–Sum of Boxes (CDR-SB) scales. The examiner was not
blinded to the other assessments administered. In the US study,
where participants had completed subtests of the PACC5 or
CDR assessments within 1 month before the study visit, tests
were not readministered, but the recent historical test results
were used.

Participants completed the ASRT, a task constructed to elicit
naturalistic speech within a closed domain. Prerecorded ASRTs
were presented at a steady reading rate (approximately 140
words per minute) by a British male speaker. Parallel stimuli
included 36 stories: 18 short stories (119 words per story, SD
4.83) and 18 long stories (224 words per story, SD 14.86). Task
characteristics are presented in Table S1 in Multimedia
Appendix 1, showing that stories incorporate a range of themes
and are balanced for key linguistic and discourse metrics. During
clinical assessments, 3 long ASRT stories were administered
consecutively. After each story was presented, participants were
asked to immediately retell the story in as much detail as they
could remember. Recall of the same stories, in the same order,
was tested again after a delay.

During clinical assessments, participants were supported with
installing the Novoic mobile app (“the app”) on their own
smartphone device and were shown how to use it. Participants
were reimbursed for their participation at the end of the study
visit and before remote assessments (£65 [US $86] for United
Kingdom participants and US $75 for US participants). No
threshold for use during remote follow-up was required for
participants to be fully remunerated.

Remote Assessments
Participants were encouraged to complete optional unsupervised
self-assessments (<30 minutes in length) on the app daily for
up to 8 days following the study visit. Assessments included
ASRTs and other remote speech tasks not reported here (verbal
and category fluency assessments, reading tasks, picture
description, and procedural discourse tasks) as well as remote
questionnaires. ASRTs were administered at the beginning of
each assessment, with the order, inclusion, and administration
of other tests varying by day.

Distinct assessment components (ASRTs [+fluency tasks as
appropriate], questionnaires, and other tasks) were divided so
that participants, once completing one component, were
informed of their progress and given the opportunity to continue.
This meant that participants could take breaks between
assessment components. All ASRTs were administered within
one of these assessment components, without interruption. If
and where participation was interrupted because of other factors
(distraction, etc), individual audio tasks administered were not
repeated, but participants were able to continue with the
following part of the assessments.

Remote ASRTs were administered daily, in threes (triplets) and
at the beginning of each assessment session. The ASRT stories
administered on the first day of remote assessment were identical
to those administered in the clinical supervised assessment on
the prior day, to allow for the evaluation of practice effects (not
reported here). The remainder of the ASRT stories, presented
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from day 2 of remote assessment onward, were novel and
administered only once.

After each story was presented, participants were asked to
immediately retell the story in as much detail as they could
remember. Recall of the same stories, in the same order, was
tested again after a delay. The schedule included delayed recall
after completion of all immediate recalls or after completion of
brief distractor tasks (fluency tasks: category or verbal fluency),
with test administration varying by day (shown in Table S2 in
Multimedia Appendix 1). Recordings of spoken responses were
automatically started by the app following instructions and
manually stopped by the participants. These were recorded as
audio files on participants’ personal smart devices and
automatically uploaded to a secure server.

Due to participant-initiated feedback of high burden (that the
remote assessments were too long and tiring), the assessment
schedule was changed partway through the study. The new
schedule implemented shorter stories and reduced the number
of additional assessments following ASRTs (not reported here).
However, ASRTs continued to be administered daily at the start
of each assessment. Simultaneously, the number of days of
remote assessment was increased from 7 days to 8 days to spread
out assessments and reduce the daily burden. Details are
provided in Table S2 in Multimedia Appendix 1.

Daily state effects were assessed at the end of each remote
assessment via a 4-item self-report questionnaire asking how
participants were feeling that day (current mood, quantity of
sleep, mind-wandering, and effort), scored on a 7-point response
scale from “much worse/less than usual” to “much better/more
than usual.” App and task usability were assessed via a
self-report questionnaire on day 2 (initial assessment schedule)
or day 5 (revised assessment schedule). Usability questionnaires
asked participants to report technical difficulties experienced
during assessments, whether technical difficulties prevented
them from completing the assessments, how easy it was to use
the app, and how interesting the tasks were. Questionnaires are
shown in Tables S3 and S4 in Multimedia Appendix 1.

Statistical Analysis
ASRT task responses were transcribed using Google’s
speech-to-text [32] automatic speech recognition system, using
an enhanced speech recognition model (the “video” model,
suitable for recordings that may contain background noise). All
task responses were also transcribed manually by following a
standardized procedure, which included transcription of
commentary, filled pauses, and partial words. The word error
rate (WER) of the automatic transcript was calculated using the
HuggingFace package [33], as the average number of errors per
manual transcript word. This was calculated after removing
punctuation, setting all text characters to lower case, and
removing filled pauses and partial words from the transcripts
before comparison.

Transcription was followed by automated textual analysis
completed using a generalized match (G-match) score. G-match
was computed in Python as the weighted sum of the cosine
similarity between the embeddings of original ASRT text and
the transcribed retellings, providing an automatic quantitative

evaluation of similarity across the 2 texts. G-match provides an
index of the proportional recall for each story, with potential
scores ranging from 0 to 1 (hypothetically perfect performance).
Mean G-match per triplet was also computed. The underlying
representations of the model are based on a pretrained BERT
model [34], which is a large language model pretrained on a
corpus of more than 3000 million words, to produce generalized
representations of language and how it is used.

Further analysis was performed using the statistical software
package R v.4.0. Data were assessed for normality, followed
by parametric and nonparametric analyses as appropriate.
Adherence was defined as engaging with at least one ASRT
story per day. Adherence patterns were examined with logistic
regression models, predicting adherence at immediate and
delayed recall, in relation to participant group, demographics,
assessment day, and schedule. A large proportion of participants
completed only 7 days of remote assessments, and longitudinal
analysis of adherence was therefore limited to assessments on
days 1 to 7. Participants were included as random effects.
Demographics (sex, age, and years of education), assessment
days (1-7), research schedule (schedule 1 or schedule 2), and
participant group (CU and MCI or mild AD) were included as
fixed factors.

The parallel-forms reliability of ASRTs was examined using
pairwise correlational analysis. Only ASRT stories administered
across both test schedules were analyzed, maintaining
comparable sample sizes across comparisons and allowing for
testing within the MCI or mild AD and CU subgroups. The
convergent validity of these same ASRT stories was examined
in relation to LM, PACC5, and CDR-SB. Analyses were
repeated using the mean G-match score per triplet. Spearman
rank correlation coefficients are reported throughout to maintain
the consistency and comparability of reporting.

Task performance differences between groups, task
administration variations, and change over time were modeled
using longitudinal linear mixed-effects models. Data analyzed
were restricted to remote assessment days 2 to 7, when
assessments were novel and administered to all participants.
The mixed model analysis included G-match as the response
variable, and fixed effects of participant group, remote
assessment days (2-7), order (1st, 2nd, or 3rd ASRT presented),
long or short stories, and immediate or delayed recall.
Demographics (age, sex, and education) were included as
additional fixed effects. A random effect of participant with
random slope and intercept was specified. Cohen d effect sizes
for multilevel model objects were calculated using the
lme.dscore command in the package EMAtools.

Analyses were repeated with the mean G-match per triplet, with
equivalent random and fixed effects specifications, except for
the story order, which was not included. The covariation of
mean ASRT task performance across triplets with self-reported
daily state was then examined by additionally incorporating
fixed effects of self-reported mood, sleep, effort, and
mind-wandering into the above model. The assumptions of all
regression models were investigated by examining the
distribution and patterns of residuals versus fitted values.
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Group differences and effect sizes were also evaluated for
traditional cognitive tests completed with a trained
psychometrician via Zoom or in person during clinical
assessments. Comparisons were only carried out for tests that
were not directly or indirectly part of the study selection criteria
(Digit-Symbol Coding, the Free and Cued Selective Reminding
Test, and category fluency), thereby excluding MMSE (direct
selection criterion), the LM Delayed Recall, and PACC5
(indirect). As participants were recruited from prior completed
trials, in some of which performance thresholds on the LM
delayed recall contributed to the MCI and mild AD group
inclusion criteria, LM and PACC5 (of which the LM is a
component) were not evaluated. The test distributions of
traditional cognitive assessments were evaluated for normality,
followed by parametric or nonparametric tests, as appropriate.

Results

Participants
A total of 200 participants, 67 from the US study and 133 from
the UK study, were recruited and completed the clinical
assessment protocol. In total, 75.5% (151/200) of the participants

completed at least one remote ASRT. Older participants
(r=−0.15; P=.03), those with lower MMSE scores (r=−0.26;
P<.001), and those with MCI or mild AD (33/106, 31.1% MCI

or mild AD, compared with 16/94, 17% CU; χ2
1=5.4; P=.02)

more often did not complete any remote assessments. There

were no differences in sex ratio (χ2
1=0.4; P=.50) or years of

education (r=−0.01; P=.87) between participants who
contributed at least one remote assessment and those who did
not.

Demographic information of the participants providing remote
data are presented in Table 1. In this sample, the MCI or mild
AD and CU groups did not differ with respect to age, years of
education, sex, or amyloid status. The US study included
proportionally more participants with cognitive impairment
(22/34, 65% with MCI) than the UK sample (51/117, 43.6%
with a diagnosis of MCI or mild AD). The MCI or mild AD
group included a minority of participants with a diagnosis of
mild AD (10/73, 14%), all recruited into the UK sample as per
the inclusion criteria. A detailed breakdown of the sample
characteristics by US and UK studies is provided in Table S5
in Multimedia Appendix 1.

Table 1. Participant demographic characteristics of cognitively unimpaired participants and participants with MCIa or mild ADb.

Statistical valuesGroup

P valueTest statisticMCI or mild AD (n=73)Cognitively unimpaired (n=78)

.61χ2
1=0.3Sex, n (%)

41 (56)47 (60)Female

32 (44)31 (40)Male

.03χ2
1=4.7Country of residence, n (%)

51 (70)66 (85)United Kingdom

22 (30)12 (15)United States

.008χ2
1=7.0Testing schedule, n (%)

22 (30)40 (51)Schedule 1

51 (70)38 (49)Schedule 2

.36χ2
1=0.8Amyloid beta status, n (%)

41 (56)38 (49)Amyloid negative

32 (44)40 (51)Amyloid positive

.57r=−0.0515.06 (2.80)15.24 (3.37)Years of education, mean (SD)

.91r=−0.0169.58 (7.30)70.37 (4.35)Age (years), mean (SD)

<.001r=0.5027.00 (2.07)28.92 (1.15)MMSEc, mean (SD)

aMCI: mild cognitive impairment.
bAD: Alzheimer disease.
cMMSE: Mini-Mental State Examination.

Usability
Usability questionnaires were completed by 63.6% (96/151;
CU: n=52 and MCI or mild AD: n=44) of the participants who
completed remote assessments (Figure 1). Those completing
usability questionnaires did not differ with respect to education

level (r=−0.02; P=.78), age (r=−0.12; P=.14), or MMSE scores
(r=−0.08; P=.32) compared with those who engaged in remote
assessments but did not complete usability questionnaires. There

was also no difference in the male to female ratio (χ2
1=0.1;

P=.75) or the ratio of CU participants to participants with MCI
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or mild AD (χ2
1=0.7; P=.41) who did and did not complete usability questionnaires.

Figure 1. Responses to usability questionnaire: (A) technical problems reported, (B) rate at which technical problems prevented completion of tasks,
(C) ease of use of app, and (D) interest in tasks completed. AD: Alzheimer disease; MCI: mild cognitive impairment.

In total, 8% (4/52) of CU participants and 20% (9/44) of
participants with MCI or mild AD reported technical difficulties.
Where technical difficulties were encountered, most participants
reported that these did not prevent them from completing the

assessments, with no group differences (χ2
1=3.3; P=.07 and

χ2
1=1.0; P=.32, respectively for technical difficulties reported,

and inability to complete assessments). Most participants
responded that the app was easy to use and that the task was
reasonably interesting, with no group differences (r=−0.08;
P=.47 and r=−0.04; P=.70, respectively for ease of use and
interest in tasks).

Adherence
Participants with MCI or mild AD completed fewer remote
assessments than CU participants (adherence for immediate
recall: 64.5% vs 77.5%; delayed recall: 61.5% vs 77.3%; Figure
2). Group differences were confirmed by mixed logistic
regression analyses (immediate recall estimate=−0.97; P=.01
and delayed recall estimate=−0.84; P=.02). Adherence did not
change over the assessment days (immediate recall
estimate=−0.04; P=.34 and delayed recall estimate=−0.07;
P=.11), but lower adherence to delayed recall was observed for
the revised test schedule (estimate=−0.86; P=.03). Adherence
was not associated with sex and education (all P>.20), but
younger participants completed more immediate recall
assessments (immediate recall estimate=−0.07; P=.02 and
delayed recall estimate=−0.06; P=.06).
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Figure 2. Adherence and task performance heat map for generalized match (G-match) in immediate recall trials. G-match is an automated measure of
recall performance (refer to the Methods section). Results are plotted across individual days of remote assessment for 151 participants who completed
at least one assessment. Each participant is represented by a row, missing data are shown in gray, and mean G-match across the Automatic Story Recall
Task triplets is shown in color (red=low recall and yellow=high recall). AD: Alzheimer disease; MCI: mild cognitive impairment.

Figure 2 shows a heat map of the adherence patterns and task
performance. In this figure, each participant is represented by
a row, and task response and performance over the days of
assessment are shown in colored blocks along the x-axis. Task
performance is shown in color, with red to yellow grading
representing low to high G-match scores. Missing data are
shown in gray. This figure reflects the results reported above,
with higher adherence in the CU group and no clear decline in
adherence over the assessment period.

Transcription Accuracy
The average WER for participant recordings of automatic
transcripts compared with manual transcripts was 0.11. The

average WER differed across participant groups, with
WER=0.09 in CU participants and WER=0.13 in participants
with MCI or mild AD (t108.1=−3.81; P<.001; Cohen d=0.63).

Task Characteristics
G-match for ASRTs and triplets showed good psychometric
properties. Data generated showed no ceiling or floor effects
(Figure 3A; Figures S1-S4 in Multimedia Appendix 1). Task
performance characteristics are provided in Tables S6-S8 in
Multimedia Appendix 1.
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Figure 3. Generalized match (G-match) over repeated assessments: (A) boxplots of G-match for individual Automatic Story Recall Task stories split
by short and long stories horizontally and by immediate and delayed recalls vertically and (B) average G-match (immediate recall) over individual
assessment days (2-7 and immediate recall) and testing order. Group means are displayed with the thick lines, and individual participant trajectories
across assessments and days are shown with paler, thinner lines. AD: Alzheimer disease; ASRT: Automatic Story Recall Task; MCI: mild cognitive
impairment.

Parallel-Forms Reliability
Parallel-forms reliability for individual ASRT stories at
immediate recall are presented in Figure 4. Equivalent figures
for delayed recall, separated by clinical group, are presented in

Figures S5-S9 in Multimedia Appendix 1. Correlation matrices
for triplets separated by immediate and delayed recall, and
clinical groups, are shown in Figures S10-S12 in Multimedia
Appendix 1.

JMIR Aging 2022 | vol. 5 | iss. 3 | e37090 | p.263https://aging.jmir.org/2022/3/e37090
(page number not for citation purposes)

Skirrow et alJMIR AGING

XSL•FO
RenderX

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


Figure 4. Parallel forms reliability and convergent validity of Automatic Story Recall Task (ASRT) stories at immediate recall. ASRTs are denoted
with s (short) and l (long), followed by the story number (refer to Table S1 in Multimedia Appendix 1). Correlations with other assessments are displayed
(Wechsler Logical Memory Test–Immediate Recall [LMIR], Clinical Dementia Rating scale–Sum of Boxes [CDR-SB], and Preclinical Alzheimer’s
Cognitive Composite with semantic processing [PACC5]). The sign for the CDR-SB correlation is reversed for consistency. Correlation coefficients
derived from between 75 and 116 participants, depending on adherence patterns.

Correlation coefficients in the full sample were moderate to
strong for immediate recall (rho range=0.56-0.88; mean 0.73)
and remained so after restricting analyses to participants with
MCI or mild AD (rho range=0.31-0.87; mean 0.65) and CU
participants (rho range 0.39-0.85; mean 0.65). Similarly,
correlations between parallel ASRT stories were moderate to
high for delayed recall (full sample: rho range=0.54-0.86; mean
0.73) and remained so when restricting analyses to participants
with MCI or mild AD (rho range=0.37-0.88; mean 0.65) and
CU participants (rho range=0.32-0.83; mean 0.64).

Parallel-forms reliability was higher when examined for mean
scores obtained across triplets (immediate: rho range=0.77-0.88,
mean 0.83; and delayed: rho range=0.76-0.89, mean 0.85),
remaining consistently high in MCI or mild AD (immediate:
rho range=0.57-0.88, mean 0.73; and delayed: rho
range=0.60-0.89, mean 0.75) and CU subgroups (immediate:
rho range=0.67-0.83, mean 0.76; and delayed: rho
range=0.68-0.85, mean 0.77).

Convergent Validity
ASRT task performance correlated moderately with other
cognitive and clinical measures (LM, CDR-SB, and PACC5)
in the full sample across both immediate and delayed recalls
(Figure 4). The mean correlation coefficients between immediate

recall ASRTs with LM-immediate recall, PACC5, and CDR-SB
were rho=0.56, 0.65, and 0.51, respectively. The mean
correlation coefficients between ASRTs with LM-delayed recall,
PACC5, and CDR-SB were rho=0.54, 0.66, and 0.50,
respectively. Analysis results and figures for delayed recall and
results separated by participant group are provided in Figures
S5-S9 in Multimedia Appendix 1. Correlation coefficients
remained in the moderate range after restricting analyses to
participants with MCI or mild AD but were typically lower in
CU participants. Correlations between ASRT triplets and other
cognitive tests are provided in Figures S10-S12 in Multimedia
Appendix 1.

Task Performance Comparison Between Groups
The longitudinal mixed models are presented in Table 2, with
similar results for individual ASRTs and triplets. Task
performance improved across the week, with a modest linear
daily improvement in G-match by assessment day. There was
an effect of group with lower scores in the MCI or mild AD
group for both individual stories and triplets, with an effect size
of Cohen d=1.54. G-match was higher for immediate recall and
shorter stories and higher for the latter ASRTs administered
within each triplet. Demographics were not associated with task
performance. Longitudinal data are displayed in Figure 3B,
showing within- and between-subject variability.
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Table 2. Effects of task characteristics, participant group, and demographics on task performance metrics as estimated by longitudinal mixed models.

For binary predictors (sex, ASRTa length, and recall type) the reference category is listed first.

G-match tripletsG-match individual stories

P valueEstimate (SE)P valueEstimate (SE)

<.0010.57 (0.08)<.0010.53 (0.08)Intercept

<.001−0.11 (0.01)<.001−0.11 (0.01)Group (Group 1: CUb, Group 2: MCIc or mild ADd)

<.0010.005 (0.001)<.0010.005 (0.001)Assessment day

<.001−0.02 (0.002)<.001−0.02 (0.001)Recall type (immediate and delayed)

<.001−0.04 (0.003)<.001−0.04 (0.003)ASRT length (short and long)

——e<.0010.02 (0.001)ASRT order of presentation (1,2, and 3)

.07−0.02 (0.01).08−0.02 (0.01)Sex (female and male)

.850.0003 (0.002).830.0004 (0.002)Education (years)

.13−0.002 (0.001).12−0.002 (0.001)Age (years)

aASRT: Automatic Story Recall Task.
bCU: cognitively unimpaired.
cMCI: mild cognitive impairment.
dAD: Alzheimer’s disease.
eFixed effect not included in model.

After incorporating self-report assessments into the mixed model
predicting G-match for triplets, the models revealed a significant
effect of mood (estimate=0.007; SE 0.002; P<.001) and
mind-wandering (estimate=−0.007; SE 0.002; P<.001), with
better daily mood and lower mind-wandering associated with
better daily task performance.

Comparison With Traditional Neuropsychological
Tests
Traditional neuropsychological tests administered in person
during in-clinic assessments were also predictive of MCI or
mild AD diagnostic status, with large effect sizes identified:
Digit-Symbol Coding: t82=5.40, P<.001, Cohen d=1.07;
category fluency total score: t t148=7.16, P<.001, Cohen d=1.17;
and the sum of free and total recall from the Free and Cued
Selective Reminding Test: t108=5.56, P<.001, Cohen d=1.01.

Discussion

Principal Findings
This study indicates that daily unsupervised and
self-administered speech-based testing is acceptable and feasible
for older participants with and without cognitive impairment.
Participants engaged in daily optional assessments with
moderate levels of adherence. There was no observable
reduction in adherence levels over a weeklong period of
assessment. The participants experienced infrequent technical
problems and reported that the tests were easy to use and
reasonably interesting.

Results indicate that remote automatic test administration and
autoscoring of story recall can provide sensitive cognitive
measurement in at-risk populations. The ASRT G-match, an
automatically scored measure of proportional recall, showed
consistent differences in task performance between cognitively

healthy participants and those with MCI or mild AD. Separation
in task performance between diagnostic groups was consistent
across the assessment period and across individual ASRT stories
(Figure 3), showing a strong effect size for differentiating CU
participants from those with MCI or mild AD (Cohen d=1.54),
while controlling for age, education, and sex. The equivalent
area under the receiver operating characteristic curve was 0.86,
based on previously published equivalence tables [35].

The effect size for ASRTs is larger than that seen for a range
of traditional cognitive tests typically administered in person
and under supervision. Comparisons with the LM delayed recall
and PACC5 were not made, as participants in this study were
recruited from prior trials in which test performance on LM
delayed recall constituted part of the trial inclusion criteria for
patients with MCI or mild AD, which would likely inflate effect
sizes for these tests.

The ASRTs discrimination between clinical groups reported
here outperforms those previously reported for differentiating
CU individuals from those with MCI using other traditional
cognitive tests administered in person and in the clinic, such as
the MMSE (Cohen d=0.69), the 6-Item cognitive impairment
test (Cohen d=0.65), and Addenbrooke’s Cognitive
Examination-Revised (Cohen d=0.73), albeit with similar results
reported previously for the Montreal Cognitive Assessment
battery (Cohen d=1.45) [36]. The test also performs well in
comparison with the Cogstate brief battery, when administered
remotely and unsupervised, where effect sizes for differences
between MCI and CU groups in subtests range from Cohen
d=0.22 to Cohen d=0.62 [37].

Although the mixed clinical group examined in this analyses
limits direct comparison with previously published metrics in
subjects with MCI only, the mild AD group in this study
comprised only a small proportion (10/73, 14%) of those
contributing to the MCI or mild AD group. After excluding
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participants with mild AD from the linear mixed model analysis,
this yielded an effect size of Cohen d=1.45 (equivalent area
under the curve=0.85 [35]) for the difference between the CU
participants and participants with MCI.

ASRT stimuli are carefully designed and balanced for key
linguistic and discourse metrics, including the number of words,
number of sentences, number of dependent clauses, mean
sentence length, and ratio of dependent clauses to t-units (the
number of shortest grammatically complete units into which a
string of written or spoken language can be partitioned). This
balancing of the stimuli is also reflected in good parallel-forms
reliability between ASRT parallel stimuli, which is consistently
high across immediate and delayed recall and with analyses
constrained to clinical subgroups (MCI or mild AD and CU).
The ASRT analysis pipeline also has significant advantages for
test-retest reliability and parallel-forms reliability, as text
similarity is evaluated in the same way every time, producing
a standardized scoring system across the parallel test forms. A
more objective quantification of text similarity, using a large
language corpus for training, removes some of the more arbitrary
features common to story recall task scoring, in which specific
paraphrases are accepted, and the size of information units
shows some variability [29].

Repeated exposure to the test stimuli may lead to unwanted
practice effects that reduce the validity of the test as a measure
of new learning, with research also showing differential practice
effects across clinical diagnostic groups for tests such as list
learning tests and LM [38]. Practice effects may be particularly
important when considering where the same story recall stimuli
are used repeatedly in longitudinal research or clinical
monitoring or for diagnostic thresholding as cut-offs for research
studies or clinical trials [16,39]. Other available story recall
tests typically have a limited range of parallel forms.

The number of available parallel forms of the ASRT test allows
for a higher-frequency (daily) assessment over a shorter period
without test repetition, such as that carried out in this study.
Alternatively, tests could be administered at larger intervals
(weekly, monthly, or longer) to evaluate longer-term changes
with little or no repetition of stimuli, thereby likely reducing
practice effects.

Although alternate test variants can help reduce practice effects,
they do not completely correct for retesting, which can be
modified by repeated exposure to the task and greater familiarity
with the test structure or method [40]. In this study, despite
novel stimuli being presented during each assessment, test scores
improved modestly during the week, indicating that increased
familiarity with the app, testing procedure, and test structure
resulted in a subtle improvement over time. Task performance
improvements over the weeklong assessment period were
modest (with an estimated daily change in G-match of only
0.4% of the initial intercept estimate value). The improvement
in test performance, in combination with the absence of
adherence changes over the course of the study, did not indicate
any strong fatigue effects.

ASRT tests correlated moderately with a well-established test
of verbal episodic memory, cognitive composites, and
clinician-reported outcomes, indicating acceptable convergent

validity, and with results comparable with, or better than, other
studies of computerized or unsupervised remote assessments
[41-43]. Correlations with LM and clinician-reported outcomes
were in the moderate range, with lower correlation coefficients
linked to test invariance owing to ceiling- or floor-level
performance on these traditional clinical and neuropsychological
assessments in CU individuals.

Task performance also varied with aspects of study design, with
stories administered later in triplets delivering a more
comprehensive recall. These effects appear to lead to greater
variation between individual ASRT stories but are averaged out
when the G-match is examined across story triplets. Analysis
of story triplets showed higher parallel-forms reliability between
the ASRTs administered and analyzed in threes, albeit with
broadly unchanged differences in group performance. Task
performance, as measured with G-match, was typically higher
for shorter stories, indicating that responses more
comprehensively covered the story source text where
participants were asked to recall less material.

This study also showed within-subject variation in task
performance, in part reflecting the measured effects of state
factors on cognitive performance, in particular daily mood and
effort. Variation from within-subject differences can make it
challenging to differentiate clinical change from measurement
error [8], and higher-frequency assessments carried out
longitudinally can help generate more reliable estimates of
cognitive function and change. Repeated measurements allow
these state effects to be concurrently measured and included or
controlled for in the longitudinal analyses.

Limitations
To meet the eligibility criteria, participants were required to be
able to use and access a smartphone. This may have biased the
sample by overselecting those with higher familiarity with
technology. Older and more cognitively impaired participants
were less likely to contribute to the remote study component,
and when they engaged in remote assessments, they contributed
less frequently. However, the adherence statistics presented
here reflect participants’ engagement in optional assessments,
which may have differed had these been compulsory. Many
home testing options require at least a modest level of
technological fluency that some older adults may find
challenging, challenges that may be compounded by cognitive
impairment or comorbidities [44].

Therefore, the data presented may not reflect task performance
in more impaired individuals or those with lower levels of
technological familiarity. Assessments under supervision, either
in the clinic or during a telemedicine visit, allowing for provision
of additional support where required, could be better suited to
more impaired individuals.

By collecting usability data during remote assessments, we were
able to establish that most participants did not experience any
technical problems and that the app was generally easy to use.
However, more detailed qualitative feedback on the type of
usability and any technical issues was not collected. Further
evaluation of the nature of these difficulties is required. This
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information can be used to improve the user interface and
participant engagement with remote assessments.

In response to participants’ and study centers’ feedback on the
high participant burden of the initial test schedule, the testing
schedule was altered in the middle of the study to reduce burden,
thereby limiting the data available for certain ASRT test
variants.

The design of the study makes it difficult to differentiate
between the effects of individual stories themselves (ie, which
ASRT story was used) and the effects of study design, such as
the test order or day of assessment. Future studies may benefit
from adopting a randomized design, with ASRTs randomly
selected and allocated to different testing instances to derive
test performance metrics independent of these additional
confounders. For longitudinal studies, either short or long stories
should be adopted to improve the consistency of test scores over
time and help better characterize cognitive change.

We found differences in WER when comparing automated and
manual transcripts of CU participants and those with MCI or
mild AD, indicative of the differential intelligibility of speech
or recording quality in these 2 groups. Differences in the
performance of automatic transcription will impact the analysis
further along in the analysis pipeline, indicating that group
differences in scores likely reflect not only group differences
in proportional recall but may also incorporate speech
intelligibility and participant’s device use characteristics.
However, these effects warrant further investigation.

The participants included in this study constituted a select
sample. The sample was selected to exclude patients with
concurrent neurological and mental health conditions. They
were recruited from prior clinical trials completed in the United
States and the United Kingdom and reflect a group of individuals
who are actively engaged in clinical research. The participants
lacked racial diversity (with most of the sample identifying as
White and with only 2.6% [N=4] with Asian, Black, African,
or African American background). Replication is now needed
in more clinically and demographically heterogeneous samples.

Overview and Future Directions
The recent Food and Drug Administration approval for the first
disease-modifying treatment for people at risk of developing
AD highlights the importance of adequate screening and early
detection as well as the importance of monitoring treatment
response. Briefer, convenient, and lower-burden daily
assessments may provide more reliable data to evaluate disease
progression or treatment response than lengthy one-off
assessments [9]. Brief digital assessments completed at home
and repeatable over time could improve access to AD screening
compared with current clinical standards, which typically require
clinical visits and extensive neuropsychological assessment.

This study showed that brief, remotely administered, and
automatically scored ASRTs are sensitive to early cognitive
impairments commonly identified through more extensive
clinical assessments. The tests showed good properties for
repeated administration and convergent validity with established
tests of episodic memory, cognitive composites, and
clinician-reported outcomes (CDR-SB). The test showed good
acceptability and usability for older adults with and without
cognitive impairment. Furthermore, owing to the automatic
administration and scoring of ASRTs, this test presents a
minimal administrative burden, requiring no trained personnel
or specialist equipment.

Speech is instrumental in daily functioning and a natural
response modality for participants to use in response to current
smart devices, such as smartphones. Speech responses are also
a common component of cognitive tests; however, data
generated in these tests, including those reported in this study,
often relate simple pass or fail characteristics of response
accuracy. New metrics using audio- and text-based artificial
intelligence models to target other changes measurable in speech
data (acoustic [45,46], semantic [47-49], and linguistic [46]) in
early-stage AD could further leverage the information content
of ASRTs, developing a new class of powerful, fully automated
speech biomarkers.
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Abstract

Background: Speech data for medical research can be collected noninvasively and in large volumes. Speech analysis has shown
promise in diagnosing neurodegenerative disease. To effectively leverage speech data, transcription is important, as there is
valuable information contained in lexical content. Manual transcription, while highly accurate, limits the potential scalability and
cost savings associated with language-based screening.

Objective: To better understand the use of automatic transcription for classification of neurodegenerative disease, namely,
Alzheimer disease (AD), mild cognitive impairment (MCI), or subjective memory complaints (SMC) versus healthy controls,
we compared automatically generated transcripts against transcripts that went through manual correction.

Methods: We recruited individuals from a memory clinic (“patients”) with a diagnosis of mild-to-moderate AD, (n=44, 30%),
MCI (n=20, 13%), SMC (n=8, 5%), as well as healthy controls (n=77, 52%) living in the community. Participants were asked to
describe a standardized picture, read a paragraph, and recall a pleasant life experience. We compared transcripts generated using
Google speech-to-text software to manually verified transcripts by examining transcription confidence scores, transcription error
rates, and machine learning classification accuracy. For the classification tasks, logistic regression, Gaussian naive Bayes, and
random forests were used.

Results: The transcription software showed higher confidence scores (P<.001) and lower error rates (P>.05) for speech from
healthy controls compared with patients. Classification models using human-verified transcripts significantly (P<.001) outperformed
automatically generated transcript models for both spontaneous speech tasks. This comparison showed no difference in the reading
task. Manually adding pauses to transcripts had no impact on classification performance. However, manually correcting both
spontaneous speech tasks led to significantly higher performances in the machine learning models.

Conclusions: We found that automatically transcribed speech data could be used to distinguish patients with a diagnosis of AD,
MCI, or SMC from controls. We recommend a human verification step to improve the performance of automatic transcripts,
especially for spontaneous tasks. Moreover, human verification can focus on correcting errors and adding punctuation to transcripts.
However, manual addition of pauses is not needed, which can simplify the human verification step to more efficiently process
large volumes of speech data.

(JMIR Aging 2022;5(3):e33460)   doi:10.2196/33460
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Introduction

Identifying individuals with Alzheimer disease (AD) and mild
cognitive impairment (MCI) early is beneficial for patient care,
family support, and resource planning for the health care system
[1]. Identification of individuals who are in the earliest stages
of neurodegenerative disease, before irreversible brain changes
have occurred, may also allow for the use of disease-modifying
therapies when they would be most effective [2].

Analysis of speech to aid in the identification of individuals
with early neurodegenerative disease can be a promising
strategy, as speech recording is noninvasive, scalable, and easily
repeated over time. This contrasts with the current methods for
screening for AD or MCI, such as nuclear medicine scans or
spinal fluid analysis, which can be both expensive and invasive
[3]. Short samples of spontaneous or prompted speech can be
collected remotely by telephone or videoconference. To date,
speech and language have shown promising results in a
significant number of studies aiming to classify AD or MCI [4].

For AD classification using speech, transcription is a key step
to leverage the wealth of information contained in lexical data
[5,6]. DementiaBank [7], the largest cohort of MCI and AD
speech data for research, is entirely manually transcribed.
Manual transcription, while highly accurate, is very low
throughput (eg, requiring 4 minutes of transcriber time for each
minute of audio [8]), limiting the potential scalability and cost
savings associated with language-based screening for MCI and
AD. As a result, there is a move toward automatically
preprocessing medical speech as opposed to manual
transcription.

To date, some groups have investigated AD/MCI classification
using only automatically generated transcripts produced by
transcription software [9,10]. While automatic transcription
allows high-throughput speech transcription for a very low cost
per sample, these systems can vary in their accuracy (ranging
from 68% to 87% in past work [11]), which may affect the
performance of downstream linguistic analysis [12].
Furthermore, the impact of automatic preprocessing on
classification is not fully understood and should be investigated
before continuing downstream investigations.

To better understand the use of automatic transcription for
AD/MCI classification, we compared the automatically
generated transcripts from Google speech-to-text [13]
(“automatic transcripts”) against automatic transcripts that went
through a second stage of manual correction (“manually
corrected transcripts”). These manually corrected transcripts
were used as ground truth. 

Specifically, we first examined a confidence metric in the
transcription software for transcribing speech recordings from
memory clinic patients versus healthy controls. Second, we
measured the word-level accuracy of the automatic transcripts
against ground truth. Third, we compared classification

performances of machine learning models using data from
automatic versus manually-corrected transcripts. Based on these
results, we discuss accuracy trade-offs associated with manual
transcript verification in the context of dementia classification,
and we suggest more efficient manual verification methods to
improve the performance of automatically generated transcripts. 

This investigation aims to highlight differences in human versus
automatically processed transcripts to drive future automatic
transcription–based research. Therefore, we focus here on
comparing transcription methods using existing machine
learning algorithms rather than building a novel model that
outperforms state-of-the-art models.

This work has 4 main contributions addressing knowledge gaps
in the existing literature. First, we evaluate automatic
transcription and manual transcription on a data set of older
adults for AD/MCI classification using 3 measures: transcription
confidence, error rates, and machine learning classification
accuracy. To our knowledge, this approach for evaluating
transcriptions has not been used previously.

Second, our investigation is novel in that we are exploring the
robustness of automatic transcription in a cohort of older adults,
including those with cognitive impairment and dementia. The
aging process includes changes to voice and speech (eg,
presbyphonia, word-finding difficulties), which may affect
automatic transcription. However, previous investigations on
transcription methods have focused solely on younger or
heterogeneous cohorts [12,14]. To our knowledge, this is the
first investigation on the impact of transcription methods in a
cohort of older adults.

Third, based on the evaluation results, we make practical
suggestions about how to use automatic transcription. These
suggestions will help researchers to better leverage automatic
transcription for building natural language processing
(NLP)–based screening methods using large data sets for
AD/MCI or subjective memory complaints (SMC), which can
be a prodromal state for MCI and AD [15].

Finally, while our results are generated with an AD/MCI data
set, our findings could also be extrapolated to other neurological
and psychiatric conditions where speech analysis is being
investigated as a classification tool. This includes stroke [16],
Parkinson disease [17], concussion [18], anxiety [19], bipolar
disorder [20], depression, and suicidal ideation [21,22].

Methods

Overview
This study involved 3 main phases: (1) data collection, (2)
transcription, and (3) evaluation. Our workflow is summarized
in Figure 1. As part of a larger study examining machine
learning algorithms for classification of memory clinic patients
versus healthy controls, we recruited participants with a clinical
diagnosis of mild-to-moderate AD, MCI, or SMC (“patients”)
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from a subspecialty memory clinic and healthy volunteer
controls from the community. Participants underwent a test
battery that included describing the “Cookie Theft” picture from
the Boston Diagnostic Aphasia Examination, a reading task
incorporating a sixth-grade level paragraph from the
International Reading Speed Texts (IReST), and recounting a
pleasant past experience. Their speech was recorded, and we
used Google Cloud speech-to-text (STT) to automatically
transcribe speech data. We then manually corrected errors in
the automatic transcripts. 

For evaluation, we first aggregated transcription confidence
levels provided by the software to determine whether
transcription software confidence levels vary between patients
and controls. Using manually corrected transcripts as the gold
standard, we calculated the error rate of automatic transcripts.
Then, we compared the performance of machine learning models
trained with either automatic or manually corrected transcripts
in classifying transcripts as belonging to “patients” versus
“controls.”

Figure 1. Diagram of our methods and process.

Data Collection

Recruitment
Patients were recruited from a memory clinic in British
Columbia, Canada, and diagnosed with AD, MCI, or SMC.
Control participants were recruited from the community, with
efforts made to age- and sex-match patient participants. All
participants were conversationally fluent in English, could
engage in a spontaneous conversation, and were aged 50 or
older (mean 68.8, SD 9.5 years). Clinic patients were excluded
if they had psychiatric medication changes under 18 months
ago or neurological conditions other than SMC, MCI, or AD.
We report data from 72 memory clinic patients, of which 44
(30%) were diagnosed with mild-to-moderate AD, 20 (13%)
with MCI, and 8 (5%) with SMC (mean age 71.9, SD 8.9 years),
along with 77 (52%) healthy volunteers (mean age 65.7, SD 9.1
years). 

Diagnoses were made by specialist clinicians using
standard-of-care guidelines. The diagnostic process involves a
combination of cognitive testing, neuroimaging, laboratory data,
medical history, physical exam, and collateral information
collected from individuals close to the patient.

Speech Sample Collection
Participants underwent a 10-minute computer-based battery.
They were asked to complete a total of 3 speech tasks while
their voice was recorded. Participants described the Cookie
Theft photo [23], read a standardized paragraph from the IReST,
and recalled a pleasant past experience. All tasks were carried
out in English. During these spontaneous speech tasks, the audio
was recorded using the Logitech C922x ProStream webcam.
The Cookie Theft picture description task is a validated
spontaneous speech task used extensively in prior work for
AD/MCI classification [6,24-26]. This task has also been used
for predicting the future risk of developing AD in cognitively
normal individuals [27].

For the reading task, a single paragraph was selected from
IReST, a collection of short paragraphs (<200 words) designed
to be readable at a sixth-grade level [28]. To recreate a natural
reading environment such as a book or newspaper, the entire
paragraph was presented on the screen at the same time rather
than displaying each sentence individually, as in some other
investigations [29]. For the final task, participants were asked
to describe a pleasant past experience (“experience description
task”). Several examples were given to participants prior to
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starting the task, such as their first pet, how they met their best
friend, or a place they had traveled.

Automatic Transcription
Following the speech tasks, participant audio data was labeled
with a unique anonymized identifier and converted to the
Waveform audio file format. Next, participant audio was
uploaded to the Google Cloud STT platform using US English
and 16000 Hz settings, with word-level time stamps enabled,
to output the automatic transcripts. 

Each transcribed word was labeled as being within a specific
task or as being extraneous from all tasks. Words spoken outside
of tasks were removed in downstream experiments. 

Human Transcript Correction
After automatic transcript files were generated, human
transcribers listened to the recorded audio files and made manual
corrections to the transcripts based on the recorded audio. This
manual transcription involved 3 steps: fixing transcription errors,
adding punctuation, and adding filled pauses and silent pause
annotations.  

For the first step, which involved fixing transcription errors,
human transcribers manually substituted incorrectly transcribed
words (eg, change “cookie far” to “cookie jar”), inserted missed
words (eg, change “cookie” to “cookie jar”), and deleted extra
words (eg, change “cookie key jar” to “cookie jar”). 

The second step entailed adding punctuation. While Google
STT adds punctuation, it is very rare, with some transcripts
having as few as 0 automatically added punctuation marks. As
NLP preprocessing (eg, parsing) benefits from fully formed
sentences, human transcribers manually added punctuation (ie,
“.”, “!”, and “?”) to the transcripts.

For the third step, which consisted of adding filled pauses and
silent pause annotations, human transcribers manually added
both filled and silent pauses. A filled pause was considered to
be any utterance of “uh” or “um.” Filled pauses were
consistently transcribed as “uh” or “um” regardless of the length
of the pause. Silent pauses were specially labeled as “[pause]”
to distinguish this from the word “pause.” Silent pauses were
considered to be any break or silence in speech for 0.25 seconds
or longer, following Goldman-Eisler [30] and Park [31].
Instances where the participant was not speaking but was not
silent were not labeled as a pause (eg, coughing or laughing).
The duration of pauses was not differentiated.

Figure 2 summarizes the transcription process. Acoustic data
were transcribed with Google Cloud STT to generate “automatic
transcripts.” Then, human transcribers fixed spoken words and
added punctuation based on the audio recording to generate
“manually corrected transcripts without pauses.” Finally, human
transcribers manually added both filled and silent pauses to
generate the “manually corrected transcripts” data set.

Figure 2. Diagram illustrating how the 3 different transcript data sets were generated.

Ethics Approval
This study was approved by the University of British Columbia
Clinical Research Ethics Board (H17-02803). All participants
provided their written informed consent prior to participating
in this study. Baseline demographic characteristics of the
patients and controls are summarized in Multimedia Appendix
1.

Evaluation

Transcription Confidence
For a given audio clip, Google STT outputs transcribed words
and a confidence level between 0 and 1. This is calculated by
aggregating the likelihood values assigned to each word in the
audio. A higher number indicates that the words were more
likely to be transcribed accurately. We used these confidence
levels to determine whether transcription software confidence
levels vary between patients and controls and to determine if
patient speech was more difficult to transcribe than control
speech.
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Error Rate Evaluation
To examine the error rate of automatic transcripts, we compared
these to manually corrected transcripts without pauses. We
chose not to include pauses because automatic transcripts do
not transcribe pauses at all; thus, not denoting a pause would
not be considered an error. 

We calculated standard measures of transcription accuracy,
including word error rate (WER) and match error rate (MER)
[32], using a Python package, JiWER (v2.1.0, Vassen [33]).
These metrics take into account the number of substitutions (eg,
“cookie far” to “cookie jar”), deletions (eg, “cookie key jar” to
“cookie jar”), and insertions (eg, “cookie” to “cookie jar”) in
the manually corrected transcript.

WER represents the rate of errors to the number of input words.
This is calculated as follows:

WER does not weigh insertions and deletions equally. For
example, a 6-word transcript with 30 insertion errors has a WER
value of 5, while a 36-word transcript with 30 deletion errors
has a WER of 0.83.

MER represents the probability of a given word match being
incorrect and is calculated as follows:

For example, a MER of 0.25 means that 1 out of 4 word matches
between the manually corrected transcript and automatic
transcript will be an error. MER is calculated similarly to WER.
However, MER takes into account the maximum number of
words between both the automatic and manually edited
transcripts, as opposed to only the number of words in only the
automatic transcript. MER also weighs insertions and deletions
equally. 

WER and MER were calculated for each individual transcript.
Then, the average and standard deviation of these values were
calculated for patients and controls and for each task (eg, picture
description, reading, and experience description tasks).

Machine Learning Classification
To determine whether manual correction impacts machine
learning classification of patients versus controls, we performed
experiments using both the automatic and manually corrected
transcript data sets.

Table 1 outlines the entire feature set by task. For the picture
description task and the experience description task, we
extracted features from transcripts following the text-based
features in previous work [6,34]. These features are based on
grammar rules, vocabulary, or psycholinguistics. For the
experience description task, we did not include information
units used for the picture description task, each of which
correspond to visual features in the Cookie Theft picture, such
as cookie, jar, boy, or girl. 

Table 1. Features for machine learning classification models.

Feature groups and number of features (n) in each groupTask

Picture description • Cookie Theft image information units (13) 
• Part-of-speech (15), context-free-grammar rules (44), syntactic complexity (24), vocabulary richness (4), psycholin-

guistic (5), repetitiveness (5)

Reading • Syllable count (1), pause count (1)a, total duration (1), total time spent speaking (1), proportion of time spent speaking

(1), speech rate (1), average syllable duration (1), pauses per syllable (1)a, pause rate (1)a, pause duration (3)a

Experience description • Part-of-speech (15), context-free-grammar rules (44), syntactic complexity (24), vocabulary richness (4), psycholin-
guistic (5), repetitiveness (5)

aThese features were computed using acoustic data and transcript data and are also affected by method of pause detection (ie, acoustic vs text data).

For the reading task, we used 12 reading-task–specific features
based on the work of Fraser et al [35]. Extracting text features
from reading task data may be counterintuitive because each
participant reads an identical prompt. However, transcripts may
contain repeated words, incorrectly read words, or filled pauses,
making transcribed text features potentially informative. Since
automatic transcripts do not contain pause information, we first
compared automatic transcripts and manually corrected
transcripts by using acoustic data to detect unfilled pauses. As
an additional comparison for the reading task, we compared
using unfilled pauses detected from audio and using unfilled
pauses annotated in manually corrected transcripts to determine
whether manually adding pauses to transcripts is useful for the
reading task or not.

To parse text data and tag parts of speech, we used Stanford
CoreNLP [36]. Psycholinguistic features were generated using

the MRC database [37], which provides concreteness,
familiarity, and imageability scores of English words. Pauses
in the reading task were detected using pydub (v0.25.1 [38]), a
Python audio processing package. Syllables were detected using
Syllables (v1.0.3 [39]), a Python package.

Based on these features, we performed binary classification to
distinguish patients from controls. We chose to perform binary
classification due to the data size. The number of data samples
for finer classes (MCI and SMC) was too small for multiclass
classification. To investigate the usefulness of manual
correction, we first compared the performance of automatic to
manually corrected transcripts. To determine the importance of
pause annotation we compared the performance of manually
corrected transcripts with and without pauses. 
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We tested with 3 classification algorithms that have shown best
performances in previous work on dementia classification [40]:
logistic regression (LR), random forest (RF), and Gaussian
naive Bayes (GNB). In addition, we tested with an end-to-end
fine-tuned pretrained model using Bidirectional Encoder
Representations from Transformers (BERT) [41] for the picture
description and experience description tasks. Note that we did
not try BERT models for the reading task because participants
read the same text. We used the Python package scikit-learn
(v0.19.1 [42]) to perform classification. We used a stratified
10-fold cross-validation approach and repeated this process 10
times in total with differently stratified splits, each generated
with a unique random seed. We report the classification
performance in terms of area under the receiver operating
characteristic curve (AUROC). AUROC is an evaluation metric
for classification at various threshold settings and is commonly
used for evaluating diagnostic accuracy [43]. The performance
metric was averaged over the 10 folds and 10 runs. To remove
highly pairwise correlated features and features poorly correlated
with the label, we performed correlation feature selection [44].

Highly correlated features were defined as having a Pearson
correlation coefficient greater than 0.85, while poorly correlated
features had a Pearson correlation coefficient less than 0.20. 

We performed a statistical analysis on the model results to
determine if the different transcript data sets led to significant
changes in model performance. For each classification algorithm
for a given task, we ran a double-sided t-test using the null
hypothesis that the mean AUROC was no different for automatic
and manually corrected transcripts. 

Results

Transcription Confidence Results
Google confidence level results are shown in Figure 3.
Generally, Google STT produced a higher confidence level
when transcribing audio from controls. In the reading task, for
example, the average confidence level was 0.94 (SD 0.05) for
controls, compared to 0.91 (SD 0.07) for patients. Both the
reading and experience description tasks showed a significantly
higher confidence level for controls than patients.

Figure 3. Google speech-to-text confidence results. Error bars represent the standard deviation. * represents P<.001, calculated by t-test.

Error Rate Evaluation Results
Figure 4 shows the error rate results. In general, automatic
transcription had a lower error rate when transcribing control
speech compared to patient speech, as shown by the lower
average WER and MER. 

The reading task was the most accurate overall, showing an
average MER of 0.15 (SD 0.10) for controls and 0.22 (SD 0.19)
for patients. This could be because people tend to enunciate
when they are asked to read a text aloud. WER and MER results

were largely similar overall, suggesting that there were not
disproportionately high rates of insertion errors. In other words,
manual correction did not involve more word addition as
opposed to word deletion or word substitution.

The picture description task was found to have the highest error
rate overall when compared to the reading and experience
description tasks. This indicates more manual corrections or
poorer accuracy of automatic transcription, but it is not clear
why this is the case.
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Figure 4. Average error rates by task and participant type. Error bars represent the standard deviation. There were no significant differences in error
rates between or within tasks. MER: match error rate; WER: word error rate.

Machine Learning Model Results
Models trained on manually corrected transcripts from the
picture description and experience description tasks significantly
outperformed models trained on automatic transcripts (Table
2). However, there was no significant difference in model
performance trained using either transcription method from the

reading task. This finding was true regardless of whether
pause-related features were included or not (Table 3).

Table 4 shows results of the models using manually corrected
transcripts, with and without pauses for the picture description
and experience description tasks. There was no clear trend or
significant change in any AUROC result when comparing
transcripts with and without pauses. 
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Table 2. Machine learning classification results of models trained on automatic transcripts compared to results of models trained on manually corrected
transcripts.

Change in AUROCbManually corrected transcripts AUROCAutomatic transcripts AUROCaTask and model type

Picture description

0.070d0.6870.617RFc

0.063d0.7250.662GNBe

0.072d0.7430.671LRf

0.068d0.6860.618BERTg

Experience description

0.133d0.6360.503RF

0.128d0.6770.549GNB

0.131d0.6740.543LR

0.020d0.6500.630BERT

aAUROC: area under the receiver operating characteristic curve.
bPositive change in AUROC indicates that the manually corrected transcript model outperformed the automatic transcript model.
cRF: random forest.
dIndicates P<.001.
eGNB: Gaussian naive Bayes.
fLR: logistic regression.
gBERT: Bidirectional Encoder Representations from Transformers.

Table 3. Machine learning classification results of models trained on reading task data with pause features computed using acoustic data or computed
using text data.

Change in AUROC (3)–(1)(3) Manually corrected tran-

scripts AUROCc
(2) Manually corrected tran-

scripts AUROCb
(1) Automatic tran-

scripts AUROCa,b
Reading task

0.0240.6620.6550.638RFd

0.0160.6930.6770.677GNBe

−0.0210.5680.5870.589LRf

aAUROC: area under the receiver operating characteristic curve.
bPauses detected from acoustic data.
cPauses detected from text data.
dRF: random forest.
eGNB: Gaussian naive Bayes.
fLR: logistic regression.
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Table 4. Machine learning classification results of models trained on manually corrected transcripts without pauses compared to results of models
trained on manually corrected transcripts (with pauses).

Change in AUROCbTranscripts with pauses AUROCTranscripts without pauses AUROCaTask and model type

Picture description

0.0210.6870.666RFc

−0.0050.7250.730GNBd

−0.0120.7430.755LRe

0.0050.6910.686BERTf

Experience description

0.0050.6360.631RF

0.0010.6770.676GNB

−0.0180.6740.692LR

0.0270.6490.622BERT

aAUROC: area under the receiver operating characteristic curve.
bPositive change in AUROC indicates that the pause model outperformed the no-pause model.
cRF: random forest.
dGNB: Gaussian naive Bayes.
eLR: logistic regression.
fBERT: Bidirectional Encoder Representations from Transformers.

Discussion

Transcription Confidence
The transcription confidence results showed that the automatic
transcription software was consistently more confident in
transcribing the speech of controls compared to patients. This
may indicate that patient speech differs from the speech used
to train the automatic transcription software (which was likely
trained using speech from a more general population, including
younger or cognitively unimpaired individuals). This may be
attributed to the fact that people with Alzheimer disease often
have impaired speech production [45], such as distortions (eg,
“ook” instead of “cookie”) and phonological paraphasias (eg,
“tid” instead of “kid”) [46].  It is especially interesting that the
confidence difference between the 2 groups was highest and
most significant for the reading task. This confirms that reading
task speech is effective for distinguishing AD/MCI patients
from controls, as also shown in prior work [35,47,48].

Error Rate Evaluation
Automatic transcriptions were more accurate for healthy controls
compared to patients with AD or MCI, as shown by higher error
rate and information loss in patient transcripts. This result is
logical in the context of the confidence result, as patient
transcripts had significantly lower confidence, meaning that the
transcription software was more unsure about its output.

Our results are markedly different from Google’s reports on the
error rates of their own software (Google Cloud STT has not
disclosed the composition of their training data set). According
to Google, their transcription program achieved a WER of 6.7%
using 12,500 hours of voice search data and a WER of 4.1% in
a dictation task [49]. In contrast, for spontaneous speech tasks,
we found a WER range of 24% to 34% for controls and 29%

to 38% for patients. The reading task showed a lower WER of
15% for controls and 23% for patients. 

While our error rate results differ from Google’s reported results,
they are comparable to the results of other investigations using
Google STT derived from simulated medical encounters. Kim
et al [50] used audio data from 12 simulated patient and medical
student interactions. In this investigation, Google STT showed
an average WER of 34%, similar to our WER result of 34% for
controls and 38% for patients completing the picture description
task. Miner et al [14] recorded audio from 100 patients aged
18-52 (mean age 23) during therapy sessions and found that
Google STT had an average WER of 25%. This result is
comparable to the WER for our experience description task,
which was 29% for patients and 24% for controls. Both
therapy-related discussion and the experience description tasks
typically involve spontaneous speech with minimal prompting. 

Surprisingly, the experience description task showed lower error
rates than the picture description task. This might be because
Google STT repeatedly transcribed certain phrases or words
related to the picture incorrectly across participants, leading to
a higher average error rate in this task. It is also possible that
the experience description is easier for automatic transcription
because it is more conversational, like the material Google STT
may have been trained on. Further investigation into to the
discrepancy in performance between different spontaneous
speech tasks is warranted.

The reading task WER for our cohort was notably higher than
previous research. Kepuska et al [51] used Google STT to
transcribe audio from 630 speakers reading 10 sentences each
and found an average WER of 9%. This is markedly lower than
the results of our investigation, in which we found that the
9-sentence reading task produced a WER of 23% for patients
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and 15% for controls. One possible reason for this large disparity
is that Google STT is not specific to a particular population (eg,
older adults may experience normal age-related changes to the
larynx and vocal cords over time, known as presbyphonia) and
may produce more accurate transcriptions in a more generalized
sample. 

Machine Learning Models
Despite our previous results showing that automatic transcription
for our data set is more inaccurate than values reported by
Google, our machine learning model results still show that
automatic transcripts are discriminative for AD/MCI. Other
studies using automatic transcription for classification
experiments have noted that inaccuracies or errors in the
audio-to-text transcription do not necessarily affect classification
results [52]. 

However, manually correcting the picture description and
experience description task transcriptions led to significantly
higher performances in the machine learning models. By
comparison, both automatic and manually corrected reading
task transcripts showed similar performance, likely due to the
majority of reading features being computed from audio data.
To address this concern, we examined text versus audio-based
silent pause detection and again found no significant changes
in performance. This indicates that using either audio or text to
detect pauses will produce similar results and that manually
correcting transcripts does not significantly change model
performance.

Surprisingly, the addition of filled and silent pauses did not
significantly change performance for any of the tasks and
algorithms. Moreover, using the pauses from the transcripts
showed similar classification results to using pauses detected
from audio data for the reading task. Previous studies have
shown that people with Alzheimer disease demonstrate a
multitude of disfluencies in their speech, including pauses
[53-55]. However, manually adding pauses as either words
(“um” or “uh”) or tokens (“[pause]”) to transcripts did not seem
to have any effect on classification models. This could be
because older adults also experience age-related changes in their
speech, such as an increase in silent pauses [56], potentially
weakening the association of pauses to either the patient or
control category. Alternatively, this result may be due to the
fact that there are no features that “directly” model pauses for
the description tasks, weakening the association of the tasks
with pauses. 

Limitations
Some limitations with our cohort include varying language
ability and variations between transcribers. In our cohort,
English was not the first language of 13% of the patients and
21% of the control group, which could potentially contribute
to transcription errors. Additionally, our use of 3 different
transcriptionists may have introduced interrater variability,
especially for more subjective correction steps such as adding
punctuation, although variation in manual transcription was
controlled via inter-transcriptionist review and protocol
development for standardized transcription. Another limitation
of our investigation is the size of the data set (N=149), which
is quite small for machine learning experiments. However, this
is an issue facing most work on using machine learning for
dementia classification, especially with newly built data sets
(N=55-82) [5,29,35]. While the DementiaBank and ADReSS
data sets are larger (N=287 with 687 samples and N=156,
respectively), they were originally created in the mid-1980s and
are limited by the diagnostic practices of that time. The work
described herein aims to mitigate this challenge. Our best
practice suggestions for automatic transcription will facilitate
data collection at a much faster rate in the future.

It is also important to note that this investigation was completed
using Google speech-to-text software in an English-speaking
cohort. Competitor speech-to-text software may produce
different results, so readers should be wary when applying our
conclusions to other software. Applying a similar method to a
non-English data set may also produce different results,
especially because automatic transcription in other languages
might not be as advanced as English. Finally, speech-to-text
software is continually being refined and improved. In the future,
automatically generated transcripts may be indistinguishable
from human-generated transcripts. In the meantime, it is still
valuable to understand the impacts of automatic transcription,
especially for medical speech data sets.

Conclusion
Our results showed that automatically transcribed speech data
from a web-based speech recognition platform can be effectively
used to distinguish patients from controls. According to our
results, to improve the classification performance of
automatically generated transcripts, especially those generated
from spontaneous speech tasks, a human verification step is
recommended. Our analyses indicate that human verification
should focus on correcting errors and adding punctuation to
transcripts and that manual addition of pauses is not needed,
which can simplify the human verification step to more
efficiently process large volumes of speech data. 
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Abstract

Background: Informal caregivers, hereafter referred to as caregivers, provide support to older adults so that they can age safely
at home. The decision to become a caregiver can be influenced by individual factors, such as personal choice, or societal factors
such as social determinants of health, including household income, employment status, and culture-specific gender roles. Over
time, caregivers’ health can be negatively affected by their caregiving roles. Although programs exist to support caregivers, the
availability and appropriateness of services do not match caregivers’ expressed needs. Research suggests that supportive
interventions offered through mobile health (mHealth) technologies have the potential to increase caregivers’ access to supportive
services. However, a knowledge gap remains regarding the extent to which social determinants of health are considered in the
design, implementation, and evaluation of mHealth interventions intended to support the caregivers of older adults.

Objective: This study aimed to conduct a systematic review to determine how health equity is considered in the design,
implementation, and evaluation of mHealth interventions for caregivers of older adults using Cochrane Equity’s PROGRESS-Plus
(place of residence, race, ethnicity, culture, language, occupation, gender, religion, education, social capital, socioeconomic
status–plus age, disability, and sexual orientation) framework and synthesize evidence of the impacts of the identified
caregiver-focused mHealth interventions.

Methods: A systematic review was conducted using 5 databases. Articles published between January 2010 and June 2021 were
included if they evaluated or explored the impact of mHealth interventions on the health and well-being of informal caregivers
of older adults. mHealth interventions were defined as supportive services, for example, education, that caregivers of older adults
accessed via mobile or wireless devices.

Results: In total, 28 articles met the inclusion criteria and were included in the review. The interventions evaluated sought to
connect caregivers with services, facilitate caregiving, and promote caregivers’ health and well-being. The PROGRESS-Plus
framework factors were mainly considered in the results, discussion, and limitations sections of the included studies. Some
PROGRESS-Plus factors such as sexual orientation, religion, and occupation, received little to no consideration across any phase
of the intervention design, implementation, or evaluation. Overall, the findings of this review suggest that mHealth interventions
were positively received by study participants. Such interventions have the potential to reduce caregiver burden and positively
affect caregivers’ physical and mental health while supporting them as caregivers. The study findings highlight the importance
of making support available to help facilitate caregivers’use of mHealth interventions, as well as in the use of appropriate language
and text.

Conclusions: The successful uptake and spread of mHealth interventions to support caregivers of older adults will depend on
creating opportunities for the inclusive involvement of a broad range of stakeholders at all stages of design, implementation, and
evaluation.
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Introduction

Background
Globally, it is estimated that 101 million older adults require
care from a friend or family caregiver (informal caregiver;
hereafter referred to as caregiver), with women providing most
of the support [1]. The support provided by these informal
caregivers is often crucial for enabling older adults to safely
remain in their home environment [2-4]. Caregiving support,
such as assistance with activities of daily living, attending
appointments, and health management, is associated with
positive outcomes for both caregivers [5,6] and care recipients
[7]. Although caregivers often willingly engage in caring, their
role can negatively affect their psychological well-being,
particularly when care is provided over a prolonged period
[8-10].

The Social Determinants of Health and Inequities
Among Caregivers
The social determinants of health can influence entry into the
caregiving role and the subsequent experience of being a
caregiver. For example, factors such as being a woman, lower
educational attainment, and living in a rural setting can bias
caregiving toward individuals who may perceive that they have
little agency in their choice to become a caregiver [11].
Furthermore, a greater intensity of caregiving has been identified
among caregivers who are female, people of color, and of lower
socioeconomic status [12]. These inequities highlight the need
for interventions with both scope and accessibility to support
caregivers with varied demographic characteristics.

Although some programs and community initiatives are
available to support caregivers, the literature suggests that
caregivers struggle to access these supportive services [13-15].
Challenges in system navigation, accessing support, geographic
location, and scheduling factors can impede the successful use
of services [16,17]. Recent research indicates that supportive
services provided or augmented through mobile health
(mHealth) technologies have the potential to make services
more accessible to caregivers [18-20].

mHealth Interventions as a Potential Solution for
Caregiver Support
The term mobile health (mHealth) was first coined in 2003 in
response to the rapid development and expansion of mobile
communication technologies being used within the health care
industry [21]. The World Health Organization defines mHealth
as a “medical and public health practice supported by mobile
devices, such as mobile phones, patient monitoring devices,
personal digital assistants, and other wireless devices” [22]. The
use of health information technology (computer, internet, and
email) to access health records or locate health information on
the web has become commonplace among caregivers as a means
of informing their caregiving role [23]. Research suggests that

mobile apps have the potential to have a greater positive impact
on caregivers by providing support, communication, and
facilitation of care, thereby reducing the burden and positively
affecting caregiver health outcomes [24]. However, to the best
of our knowledge, a systematic review of the impact of mHealth
support on caregivers of older adults does not currently exist.
Furthermore, to date, reviews on standard caregiver interventions
suggest that limited work has been conducted to determine the
suitability of these interventions for caregivers from
backgrounds representing diverse social determinants of health
characteristics [25]. Individual characteristics, such as
sociodemographic characteristics and the ability to engage with
technology, should be considered in the design of mHealth
interventions [26].

Therefore, the objectives of this systematic review were to (1)
determine how health equity is considered in the design,
implementation, and evaluation of mHealth interventions aimed
at caregivers of older adults using the Cochrane Equity
PROGRESS-Plus (place of residence, race, occupation, gender,
religion, education, social capital, socioeconomic status–plus
age, disability, and sexual orientation) framework [27] and (2)
synthesize the evidence on the impacts of caregiver-focused
mHealth interventions, subsequently discussed through a health
equity lens.

Methods

A systematic review was conducted in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement guidelines [28]. The protocol
for this systematic review was registered on PROSPERO
(International Prospective Register of Systematic Reviews;
CRD42021239584) and is available for electronic access [29].

Research Questions
The research questions guiding this systematic review were as
follows:

• To what extent is health and social equity considered in the
design, implementation, and evaluation of mHealth
interventions for caregivers of older adults?

• What are the impacts of the examined mHealth interventions
on caregivers of older adults based on the following
outcomes: caregiver mental and physical health, caregivers’
ability to provide care, usability or feasibility of the mHealth
intervention for caregivers, and caregivers’ experiences and
perspectives of engaging in an mHealth intervention
intended to support them?

Eligibility Criteria
Eligible articles were available in full text in the English
language and were published from 2010 onward to reflect the
recent surge in mHealth interventions, concurrent with the rapid
increase in mobile device ownership within the past decade
[30,31]. This review included both quantitative (experimental,
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quasi-experimental, and observational studies with or without
control or comparison groups) and qualitative study designs,
which evaluated or explored the impacts of mHealth
interventions aimed at improving the health of, or providing
support to, informal caregivers of older adults. Mixed methods
studies were also included. mHealth interventions were defined
as those that the caregivers of older adults accessed via mobile
or wireless devices (including mobile phones, tablets, handheld
computers, and PDAs). Interventions not accessed by mobile
or wireless devices (eg, interventions applied or accessed by
landline telephone as opposed to mobile phone) were excluded,
as were mHealth interventions that targeted the recipient of care
only or only assessed outcomes focused on the recipient of care.
Studies that exclusively included formal caregivers of older
adults (eg, nurses and personal support workers) or caregivers
of individuals who were not identified as older adults (eg,
children, adolescents, young and middle-aged adults, or adults
aged <65 years) were also excluded.

Eligible studies were also required to report at least one
caregiver-specific outcome or finding, including those relating
to (1) caregiver mental and physical health, (2) caregivers’
ability to provide care, (3) usability or feasibility of the mHealth
intervention by caregivers, and (4) caregivers’ experiences and
perspectives of engaging in mHealth interventions intended to
support them. Research protocols, dissertations, reviews,
commentaries, and abstracts were also excluded.

Search Strategy and Study Selection
A systematic search was conducted on five databases: PubMed,
PsycINFO (ProQuest), CINAHL, Scopus, and Cochrane Library.
An academic librarian was consulted during database search

strategy development. Database searches combined a
comprehensive suite of similar and related terms for the key
domains of caregivers, older adults, and mHealth interventions.
Detailed search strategies for each database are provided in
Multimedia Appendix 1. The search results were limited by the
year of publication from 2010 to February 2021, when the search
was initially conducted. The search strategy was repeated in
June 2021 to capture newly published articles. Ancestry searches
were also conducted using the reference lists of eligible studies,
as well as related reviews [19,32-34], to search for additional
potential articles for inclusion.

Eligible studies identified from the database and ancestry
searches were independently assessed by a group of 4 reviewers
(AG, MN, RS, and JT). Each document was reviewed by 2
reviewers (AG, MN, RS, or JT) based on the title and abstract.
The full texts of relevant studies were then obtained, and 2
reviewers (AG, MN, RS, or JT) independently examined the
full texts of the selected studies to determine the final included
articles in accordance with the eligibility criteria outlined
previously. Covidence systematic review software (Veritas
Health Innovation) was used to organize the search results and
facilitate communication between the reviewers. Disagreements
were resolved by consensus. In cases where consensus could
not be reached, a third reviewer resolved the disagreement.

The search strategy yielded an initial 1629 articles for screening
of titles and abstracts. On the basis of the initial screening, the
full texts of the 3.31% (54/1629) of articles were assessed. Of
the 54 articles, 26 (48%) were subsequently excluded after a
full-text review. The literature search and study selection
processes are shown in Figure 1. A total of 28 articles met the
inclusion criteria and were included in the review.
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Figure 1. Literature search and study selection process. mHealth: mobile health.

Data Extraction
The data were extracted using reviewer-designed data extraction
forms in Covidence. A total of 2 reviewers independently
performed the data extraction. Disagreements were resolved by
consensus. In cases where consensus could not be achieved, a
third reviewer was consulted.

Data extracted from full-text articles included (1) country of
investigation; (2) study design and methods; (3) participant
recruitment, demographics, and baseline characteristics; (4)
description of the mHealth intervention; and (5)
caregiver-specific outcomes or findings. In addition, the review
team identified which (if any) social determinants of health and
factors contributing to health inequities were addressed by study
investigators, as described by the PROGRESS-Plus framework
[27,35].

PROGRESS-Plus is a framework developed with evidence from
working groups from the Campbell and Cochrane
Collaborations, which can be applied to determine whether an
equity lens has been used throughout the stages of study design,
implementation, and reporting of research [27]. The framework
includes the following equity factors: place of residence, race,
ethnicity, language, culture, occupation (eg, full-time
employment or retirement), gender or sex, religion, education,
socioeconomic status, and social capital, as well as age,
disability, sexual orientation, features of relationships, and
time-dependent relationships (Plus factors) [27]. The manner
in which investigators addressed these factors within the
intervention itself and the study of the intervention was
considered in their report of these factors within the following

sections: (1) mHealth intervention design, (2) study participant
recruitment, (3) study results or findings, and (4) discussion or
limitations of the investigation.

Risk of Bias Assessment
Risk of bias (quality) assessments were performed for each
study using standardized critical appraisal tools from the Joanna
Briggs Institute Manual for Evidence Synthesis [36]. The Joanna
Briggs Institute provides distinct critical appraisal checklists
for experimental, quasi-experimental, observational, and
qualitative study design. One of the reviewers performed the
risk of bias assessments for each study, which was then checked
by a second reviewer. Disagreements were resolved by
discussion and consensus. No studies were excluded from the
review based on quality assessments to achieve a comprehensive
understanding of the quality of the available literature exploring
the impacts of mHealth interventions for caregivers of older
adults. The findings of the quality assessments and the
limitations of the included articles are summarized in the results,
and the summary scores of the quality assessments are presented
in the Results section.

Data Synthesis
A narrative synthesis of findings was pursued because of the
range of included mHealth interventions, caregiver
characteristics, and caregiver-related outcome measures, as well
as the inclusion of both quantitative and qualitative study
designs. The narrative synthesis was organized under the
following categories: (1) study characteristics; (2) mHealth
intervention characteristics; (3) consideration of social
determinants and factors contributing to health inequities in

JMIR Aging 2022 | vol. 5 | iss. 3 | e33085 | p.289https://aging.jmir.org/2022/3/e33085
(page number not for citation purposes)

Garnett et alJMIR AGING

XSL•FO
RenderX

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


mHealth intervention design, participant recruitment, study
results or findings, and discussion or limitations; (4) quantitative
caregiver-related outcomes; and (5) qualitative caregiver-related
findings.

Results

A total of 28 articles were included in this review. A summary
of the included articles is presented in Multimedia Appendix 2
[37-62].

Characteristics of Included Studies
Among the 28 included studies, 14 (50%) were quantitative
[37-48,63,64], 7 (25%) were qualitative [49-55], and 7 (25%)
used mixed methods [56-62]. Studies were most frequently
conducted in the United States [38,41,45-48,50,53,58,60], the
Netherlands [37,55,57,59], the United Kingdom [54,62], and
Australia [52,56]. Most studies targeted nonspecific informal
caregivers of older adults; however, 25% (7/28) targeted family
or spousal caregivers specifically [38,44,51,52,54,60,64].
Approximately 7% (2/28) of studies targeted caregivers who
reported being isolated [56] or experiencing caregiving strain
[38]. Caregivers most commonly provided care to older adults
with dementia or other forms of cognitive impairment
[37-39,41-44,46,47,50-56,58-60,62,64]. Other studies recruited
caregivers who provided care to older adults with urinary
incontinence [63], older veterans who were medically complex
[45], and older adults with functional loss or struggling to remain
independent at home [49,57,61].

Risk of Bias Within Included Studies
The full risk of bias assessments for the 28 included studies are
presented in Multimedia Appendix 3 [37-62]. The potential for
bias within the 11% (3/28) included randomized controlled trials
[37,45,46] most commonly stemmed from a lack of blinding of
participants and outcome assessors. Potential sources of bias
within other quantitative studies include a lack of control groups
[60,62,63] and limited consideration of potential confounders

[41,56]. Most of the included quantitative studies recruited small
convenience samples of caregivers or caregiver–care recipient
dyads; for example, recruiting from single clinics [38,39] or
from attendees of an Alzheimer’s Association chapter event
[50]. Included qualitative studies were most often limited by a
lack of clear alignment between philosophical underpinnings,
methodology, and research questions or objectives
[49-53,55-58,60,62]. Although most studies provided sufficient
information to demonstrate a logical flow from the analysis and
interpretation of data to the overall conclusions, few studies
addressed the potential influence of the researcher on the
research (eg, positionality, trustworthiness, and rigor) [54,62].
In addition, only 7% (2/28) of qualitative studies provided
information on the location of the researcher’s theoretical
approach [53,54]. Although other studies may also have used
a theoretical lens or framework to guide their intervention and
analysis, they did not report this information.

mHealth Intervention Characteristics
The included studies’ interventions were web-based or
non–web-based applications, interventions, or videoconferencing
software, which were delivered via mobile phones, tablets, and
handheld computers. The intervention details, including
intervention description, hardware, stakeholder input, and
comparison groups, are outlined in Table 1.

The aims of these interventions fell under three interrelated
categories: making connections, facilitating caregiving, and
promoting caregiver health and well-being (Figure 2). The
included mHealth interventions facilitated various linkages and
connections between caregivers and supportive services, such
as (1) connecting the care recipient’s circle of care, including
caregivers and health professionals [44,45,48,51,53,55,
57,58,61]; (2) connecting the caregiver to existing social support
or facilitating new connections to peer support [40,43,46,56,59];
and (3) connecting the caregiver to services and resources for
both themselves and the recipient of care [37,43,47,50,51,53,58].
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Table 1. Details of mobile health interventions of included studies.

Study quality
appraisal

scoresa

Comparator interven-
tion (as applicable)

Stakeholder input
described

Hardware
provided

Intervention descriptionStudy

Quantitative studies—randomized controlled trials

8/13Caregiver controls re-
ceived a tablet but no

NoYes; tabletFindMyApps, a web-based selection tool
and learning training program to help
caregivers find user-friendly apps

Beentjes et al [37]

FindMyApps training
or access; received a list
of links to websites
with apps for people
with dementia or mild
cognitive impairment

5/13One group received the
intervention (video); the

NoYes; tabletVideo-enhanced care management: a 14-
week care management intervention that

Hastings et al [45]

comparator group re-included 3 monthly video calls with nurses
ceived telephone-based
care management

via a secure internet-based web-based
meeting room

8/13Waitlist for the tool;
this group received the
tool 1 month later

NoYes; tabletWeCareAdvisor, a web-based tool for
family caregivers, which guided them
through a clinical reasoning process to
identify, monitor, and manage behaviors

Kales et al [46]

while addressing their motivation, self-ef-
ficacy, and problem-solving skills

Quantitative studies—quasi-experimental

6/9No comparison group;
the study was described

NoYes; tabletTelePrompt, a tablet-based, prompted
voiding and educational intervention to

Davis et al [63]

by authors as a quasi-support caregivers of older adults with
urinary incontinence experimental, single-

group pre-post design

7/9Received a weekly care
service via telephone

NoNoTelehealth delivered via videoconferenc-
ing platforms (apps) aimed at minimizing

Lai et al [44]

covering informationthe possible negative impact of social dis-
relevant to caregiving;tancing measures made necessary by the

COVID-19 pandemic did not receive the inter-
vention of weekly
health services deliv-
ered through video
communication apps

5/9Comparator interven-
tion was a handbook

NoNoComprehensive Mobile Application Pro-
gram, a tool providing real-time support

Park et al [64]

that contained the sameto families caring for patients with demen-
information as the mo-
bile app

tia by helping family caregivers manage
behavior and psychological symptoms

9/9Control group did not
use the intervention (no
intervention)

NoNoA mobile app system based on the reminis-
cence therapy framework; the app was
developed to promote the relationship be-
tween caregivers and people with demen-

Watcharasarnsap et al
[42]

tia and better the mental well-being of
both parties

Quantitative s tudies — other (ie, noncomparative)

6/10N/AbNoYes; hand-
held comput-
er

A self-administered cognitive training in-
tervention using an adaptive, paced serial
attention task, targeting the dorsolateral
prefrontal cortex, which is implicated in
regulating emotions, anxiety, and stress

Callan et al [38]

JMIR Aging 2022 | vol. 5 | iss. 3 | e33085 | p.291https://aging.jmir.org/2022/3/e33085
(page number not for citation purposes)

Garnett et alJMIR AGING

XSL•FO
RenderX

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


Study quality
appraisal

scoresa

Comparator interven-
tion (as applicable)

Stakeholder input
described

Hardware
provided

Intervention descriptionStudy

1/10N/ANoYes; mobile
phone

An e-mobile multimedia app for commu-
nity-based dementia caregiver support,
designed to offer reassurance, information,
and services to caregivers and facilitate
the implementation of other interventions
by nurses and therapists

Davis et al [43]

4/10N/ANoYes; tabletA remotely delivered exercise intervention
to increase moderate physical activity in
caregivers

Ptomey et al [47]

4/10N/ANoNoA mobile app designed to improve engage-
ment of the patient-informal caregiver
team; the mobile web-based app allowed
older adult users to record social and
health information and share this informa-
tion with their caregivers

Quinn et al [48]

6/10N/ANoYes; mobile
phone

A simple smartphone app for people with
mild cognitive impairment and their fami-
ly caregivers living in the community; the
app supported communication with friends
and family, navigation, and serving as a
memory prompt and emergency alert sys-
tem

Lai et al [39]

2/10N/AYesYes; tabletA multicomponent intervention, including
live broadcasts related to caregiver self-
care exercises, informational videos, and
videoconferencing web-based meetings
to connect informal caregivers

Salin and Laaksonen
[40]

2/11N/ANoYes; tabletA preliminary tablet app developed for the
Behavioral and Environmental Sensing
and Intervention for Dementia Caregiver
Empowerment; the goal of this app is to
support the early detection of signs of agi-
tation, allowing caregivers to intervene
early

Sourbeer et al [41]

Mixed methods studies

3/8 and 3/10N/ANoYes; not
specified

A telehealth peer-support program for
isolated caregivers of people with demen-
tia via group videoconferencing

Banbury et al [56]

1/10 and 3/10N/ANoYes; not
specified

A groupware app for digital network
communication to promote collaboration
among informal and formal caregivers in
a mixed care network of home-dwelling
older adults

Breebaart and van
Groenou [57]

4/10 and 3/10N/AYesNoCareHeroes, an app providing caregivers
with a platform for bidirectional sharing
of observations and knowledge with
providers about care recipients and, in so
doing, provide them with information and
support for caregiving activities

Brown et al [58]

4/10 and 7/10Control group did not
receive the intervention
(waiting list)

NoNoInlife, a web-based social support platform
for caregivers of individuals with dementia
aiming to enhance positive interaction,
involvement, and social support

Dam et al [59]

5/9 and 3/10N/ANoNoA mobile app intervention delivering
mentalizing imagery therapy (a guided
imagery and mindfulness intervention) for
family caregivers

Sikder et al [60]
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Study quality
appraisal

scoresa

Comparator interven-
tion (as applicable)

Stakeholder input
described

Hardware
provided

Intervention descriptionStudy

5/10 and 7/10N/AYesYes; mobile
phone

A mobile phone app, The Mobile System
for Elderly Monitoring, which aimed to
support caregivers in monitoring care re-
cipients with functional loss and to im-
prove support for caregivers’communica-
tion with the health team

Stutzel et al [61]

6/9 and 8/10N/AYesYes; tabletAn art-based app intervention delivered
via a touch screen tablet displaying art
images aiming to stimulate and benefit the
well-being of caregivers and care recipi-
ents with dementia

Tyack et al [62]

Qualitative studies

3/10N/ANoNoA decision support website to inform
caregivers about ways of staying indepen-
dent at home for as long as possible, called
Supporting Seniors and Caregivers to Stay
Mobile at Home

Garvelink et al [49]

5/10N/AYesNoA tablet app with multiple components,
including games and a stress questionnaire
for caregivers

Hughes et al [50]

6/10N/ANoYes; tabletThe Digital Support Platform, an internet-
based, postdiagnostic support tool for
families of individuals who had recently
received a diagnosis of dementia

Killin et al [51]

7/10N/ANoNoMobile health apps used for health infor-
mation seeking

Rathnayake et al [52]

5/10N/AYesYes; mobile
phone

CareIT, a multifunctional smartphone and
web-based app designed to meet the edu-
cation and support needs of caregivers;
the app allowed caregivers to self-assess
for depression and burden and linked
caregivers to resources

Ruggiano et al [53]

10/10N/AYesYes; tabletInspireD—Individual Specific Reminis-
cence in Dementia, a personalized reminis-
cence program for family carers and peo-
ple living with dementia

Ryan et al [54]

5/10N/AYesYes; tabletThe DecideGuide, an interactive web tool
that helps informal caregivers, people with
dementia, and case managers make shared
decisions

Span et al [55]

aComplete quality appraisal tools and scores are presented in Multimedia Appendix 3.
bN/A: not applicable.
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Figure 2. Mobile health (mHealth) interventions for caregivers of older adults.

mHealth interventions included in the review also facilitated
caregiving by (1) assisting with daily caregiving activities (eg,
digital calendars to organize appointments, providing reminders
for medication administration, helping caregivers manage care
recipient behaviors, and tracking information related to the care
recipient) [39,41,46,48,51,53,57,59,61,63,64], (2) providing
support for decisions related to care [46,49,55,58], (3) providing
information or education (eg, regarding the care recipient’s
condition) [40,43-46,48,49,51-53,56,58,63,64], and (4) sending
emergency alerts to the caregiver or to the care team if needed
[39,61].

Finally, the mHealth interventions represented in the review
promoted caregiver health and well-being by (1) monitoring or
assessing caregiver stress, depression, and burden to facilitate
early detection and intervention before reaching crisis levels

[41,50,53,58,61]; (2) promoting self-care and healthy coping
behaviors (eg, encouraging physical activity or suggesting
evidence-based coping strategies for care recipient behaviors)
[40,43,47,63,64]; and (3) providing therapeutic interventions
(eg, art-based interventions [62], reminiscence therapy [42,54],
cognitive training therapy [38], and mentalizing imagery therapy
[60]).

Consideration of Factors That Influence Health
Inequities
Figure 3 provides a visual summary of the number of studies
that included or considered the factors listed in the
PROGRESS-Plus framework in their report on (1) the design
of their mHealth intervention, (2) participant recruitment, (3)
study results or findings, and (4) study discussion or limitations.
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Figure 3. Consideration of place of residence, race, occupation, gender, religion, education, social capital, socioeconomic status–plus age, disability,
and sexual orientation (PROGRESS-Plus) factors in included studies.

Reporting of PROGRESS-Plus Factors in Intervention
Design
When describing the design of their interventions, 36% (10/28)
of studies provided considerations for ≥1 PROGRESS-Plus
factor [37,40,41,46,48,49,56,59,61,63]. Approximately 11%
(3/28) of studies considered the place of residence in their
recruitment approaches as their interventions were designed
specifically for geographically isolated caregivers [40,56,61].
Approximately 11% (3/28) considered languages through the
provision of alternative language options in the mobile app,
readability (ie, lay language), and accessibility options such as
larger font or less text [37,46,49]. Approximately 11% (3/28)
described social capital as an element of the intervention itself
(eg, intervention aimed at providing a platform to organize and
access social support) [56,59,63]. Approximately 7% (2/28)
described considerations for caregivers’ age in the design of
their interventions by improving readability, comprehensibility,
and clarity of the language used in the intervention; providing
caregivers with assistance in completing web-based forms; and
integrating opportunities for regular check-ins to support
mHealth tool use [41,46]. One of the studies considered gender
or sex, as the intervention was tailored to address the unique
needs of caregivers of different genders [46]. Another study
considered socioeconomic status by deliberately selecting

inexpensive mobile apps and devices [61]. Features of
relationships between caregivers and care recipients were
considered in the study design such that the mHealth
intervention was a collaborative tool whereby older adults and
their caregivers worked together on their health management
[48]. None of the studies mentioned considering participants’
occupation, religion, education, disability, sexual orientation,
or time-dependent relationships when describing the design of
their mHealth interventions.

Reporting of PROGRESS-Plus Factors in Participant
Recruitment
At the participant recruitment stage, 57% (16/28) of studies
considered ≥1 PROGRESS-Plus factor
[38,40,42,44-46,49,51-53,56-60,64]. Approximately 32% (9/28)
considered features of relationships (eg, living situation)
[38,40,44,46,51,52,58,60,64]. Approximately 18% (5/28) of
studies considered place of residence in participant recruitment
(eg, recruiting participants dwelling in rural areas)
[40,42,53,56,57]. Approximately 14% (4/28) of studies reported
that they used specific recruitment strategies to help ensure that
various races, ethnicities, cultures, and languages were
represented in their study samples (eg, recruiting from minority
populations) [46,49,53,58]. Approximately 11% (3/28) of studies
considered age (eg, recruiting older caregivers) [38,45,60].
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Approximately 7% (2/28) of studies considered social capital
(eg, recruiting caregivers with an existing social support
network) [56,59] and 7% (2/28) considered disability (eg,
excluding caregivers with sensory impairment) [38,46]. One of
the studies considered time-dependent relationships (eg,
excluding dyads where the care recipient was awaiting imminent
institutional placement) [46], and another considered gender or
sex [59] at the stage of participant recruitment. No studies
mentioned occupation, religion, education, socioeconomic status,
or sexual orientation during participant recruitment.

Reporting of PROGRESS-Plus Factors in Results or
Findings
All but 1 study [54] described ≥1 PROGRESS-Plus factor within
their results or findings. These factors were typically reported
as part of the sample demographics. The key demographic

characteristics of the caregivers in the included studies are
presented in Table 2. The most commonly reported
PROGRESS-Plus factors within the included articles’ results
or findings were age and gender or sex [37-50,52,53,55-64];
features of relationships [37,39,40,42,43,45,46,48,49,51-53,
55-59,61,63]; education [37-39,44,46-50,52,55,56,58,61,63,64];
and race, ethnicity, culture, and language
[38,41,43,45-49,53,58,60,62,63]. Other factors reported in the
results or findings included socioeconomic status
[38,44,48,53,61,63,64], social capital [48,55-57,59,61,64], place
of residence [40,49,53,56,62,64], and occupation
[50,52,56,61,63,64]. A small number of studies reported on
caregivers’disabilities [49,61,63], time-dependent relationships
(eg, participants’ housing situation) [49,58], and religion [64].
No studies reported on sexual orientation in their results or
findings.
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Table 2. Demographic characteristics of caregiver participants of included studies.

Ethnicity, n (%)Education, n (%)Sex, n (%)Age (years)Sample
size

Study and country

Mean 62.6 (SD 13.54)69Banbury et al [56], Aus-
tralia

• Not reported• 6 (8.7) did not complete high
school

• 50 (72.5) female
• 19 (27.5) male

• 6 (8.7) completed high school
• 17 (24.6) had technical and

further education or trade
• 24 (34.8) attended university
• 16 (23.2) had postgraduate

qualifications

Experimental group
mean 65.61 (SD

59Beentjes et al [37],
Netherlands

• Not reported• 12 (20.3) had secondary edu-
cation (vocational)

• 38 (64.4) female
• 21 (35.6) male

10.196); control group • 8 (13.6) had secondary educa-
tion (academic)mean 68.03 (SD

11.675) • 11 (18.6) had further educa-
tion (vocational)

• 20 (33.9) had higher educa-
tion (vocational)

• 8 (13.6) had higher education
(academic)

1 (14.3%) middle-aged,
1 (14.3%) aged between

7Breebaart and van Groe-
nou [57], Netherlands

• Not reported• 4 (57.1) had low education• 3 (42.9) female
• •3 (42.9) male 2 (28.6) had average educa-

tion60 and 65, and 5
(71.4%) aged ≥70

• 1 (14.3) not
specified • 1 (14.3) did not specify

Mean 56.6 (SD 13.6)11Brown et al [58], United
States

• 3 (27.3%) White• Not reported• 9 (81.8) female
• •2 (18.2) male 7 (63.6%) African

American
• 1 (9.1%) Hispanic
• 1 (9.1) other

Mean 74.61 (SD 6.52)27Callan et al [38], United
States

• 26 (96.3) White• 11 (40.7) had middle school
to technical school education

• 22 (81.5) female
• 5 (18.5) male

• 14 (51.9) had some college
to college graduate education

• 2 (7.4) had some postgradu-
ate to postgraduate degree

Range 49-7110Dam et al [59], Nether-
lands

• Not reported• Not reported• 6 (60) female
• 4 (40 male)

Mean 524Davis et al [43], United
States

• Not reported• Not reported• 4 (100) female

Range 54-853Davis et al [63], United
States

• 3 (100) White• 2 (66.7) attended college• 3 (100) female
• 1 (33.3) had a master’s de-

gree

Mean 56.9 (SD 14)10Garvelink et al [49],
Canada and France

• Not reported• 10 (100) had a university de-
gree

• 6 (60) female
• 4 (40) male

Mean 64.7 (SD 10.8)40Hastings et al [45], Unit-
ed States

• 11 (27.5) Black• Not reported• 40 (100) female

Mean 60 (range 48-76)10Hughes et al [50], United
States

• Not reported• 10 (100) had high school edu-
cation

• 10 (100) female

• 9 (90) had higher education

Mean 65.9 (SD 14.0)57Kales et al [46], United
States

• 36 (63.2) White• 48 (84.2) had greater than
high school education

• 43 (75.4) female
• •14 (24.6) male 18 (31.6) African

American• 9 (15.8) had high school or
GEDa • 3 (5.3) other
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Ethnicity, n (%)Education, n (%)Sex, n (%)Age (years)Sample
size

Study and country

• Not reported• Not reported• Not reportedNot reported10Killin et al [51] [51],
Scotland

• Not reported• Experimental group: 7.90
(SD 0.25, range 5-11) years
of education

• Control group: 7.04 (SD 0.31,
range 5-9) years of education

• 35 (58.3) female
• 25 (41.7) male

Experimental group
mean 72.43 (SD 0.80,
range 66-82); control
group mean 71.83 (SD
0.80, range 66-82)

60Lai et al [44], Hong
Kong, China

• Not reported• 11 (45.8) had >12 years of
education

• 9 (37.5) female
• 15 (62.5) male

Mean 62.4 y (SD 16.0,
range 31-83)

24Lai et al [39], Germany

• Not reported• 15 (62.5) were high school
graduates or below

• 9 (37.5) were college gradu-
ates or above

• 14 (58.3) female
• 10 (41.7) male

Experimental group
mean 54.50 (SD 3.71);
control group mean
61.00 (SD 6.42)

24Park et al [64], South
Korea

• 8 (88.9) White
• 1 (11.1) Black

• 3 (33.3) had high school
diploma or GED

• 6 (67.6) attended postgradu-
ate classes

• 3 (33.3) female
• 6 (66.7) male

Mean 679Ptomey et al [47], United
States

• 6 (50) Black
• 6 (50) White

• 6 (50) had a business or some
college degree or graduate
degree

• 6 (50) graduated school

• 11 (91.7) female
• 1 (8.3) male

Mean 54.8 (SD 13.3)12Quinn et al [48], United
States

• Not reported• 5 (50) had high school educa-
tion and below

• 5 (50) had above high school
education

• 9 (90) female
• 1 (10) male

8 (80%) aged <65; 2
(20%) aged ≥65

10Rathnayake et al [52],
Australia

• 13 (36.1) non-His-
panic White

• 23 (63.9) African
American

• Not reported• 26 (72.2) female
• 10 (27.8) male

Mean 65.7 (range 42-
89)

36Ruggiano et al [53],
United States

• Not reported• Not reported• 13 (76.5) female
• 4 (23.5) male

Mean 69.1 (SD 15.1,
range 31-91)

17Ryan et al [54], United
Kingdom

• Not reported• Not reported• 15 (75) female
• 5 (25) male

Range 61-8820Salin and Laaksonen
[40], Finland

• 17 (100) White• Not reported• 12 (70.6) female
• 5 (29.4) male

Mean 66.52 (SD 9.61)17Sikder et al [60], United
States

• 39 (84.8) White
• 6 (13.0) African

American
• 1 (2.2) Hispanic

• Not reported• 38 (82.6) female
• 8 (17.4) male

42 (91.3%) aged >60; 4
(8.7%) aged <60

46Sourbeer et al [41], Unit-
ed States

• Not reported• 1 (8.3) had low education
• 4 (33.3) had medium educa-

tion
• 6 (50) had high education
• 1 (8.2) did not specify

• 7 (58.3) female
• 5 (41.7) male

Mean 54.3 (range 19-
86)

12Span et al [55], Nether-
lands

• Not reported• 21 (55.3) had ≤12 years of
education

• 17 (44.7) had >12 years of
education

• 32 (84.2) female
• 6 (15.8) male

Mean 61 (SD 10.75)38Stutzel et al [61], Brazil

• 12 (100) White• Not reported• 10 (83.3) female
• 2 (16.7) male

Mean 66 (range 48-77)12Tyack et al [62], United
Kingdom
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Ethnicity, n (%)Education, n (%)Sex, n (%)Age (years)Sample
size

Study and country

Watcharasarnsap et al
[42], Thailand

• Not reported• Not reported• 31 (51.7) female
• 29 (48.3) male

8 (13.3%) aged between
18 and 27, 19 (31.7%)
aged between 28 and
37, 15 (25%) aged be-
tween 38 and 47, 10
(16.7%) aged between
48 and 57, and 8
(13.3%) aged ≥58

60

aGED: General Educational Development.

Reporting of PROGRESS-Plus Factors in Discussion
or Limitations
Approximately 79% (22/28) of studies considered ≥1
PROGRESS-Plus factor in the discussion or limitations sections
of their studies [37,38,40,41,43,44,47-56,58-63]. The most
frequently discussed PROGRESS-Plus factors in the included
articles’ discussion or limitations were age
[37,38,40,41,43,48,50,51,53,54,60,62,63], such as challenges
faced by older caregivers in using mobile devices; race,
ethnicity, culture, and language [40,41,43,47,49,52,53,55,58,60],
such as a lack of diversity of the study sample; and place of
residence [40,44,47,49,51,53,55,56,61], such as challenges
related to the lack of access to stable internet in rural locations.
Other PROGRESS-Plus factors described in the study
discussions or limitations were gender or sex
[38,41,52,54,55,63], education [37,38,49,52,56,63], and
socioeconomic status [44,47,48,52,53,63]. To a lesser extent,
caregivers’social capital [48,56,59], disabilities [38,49], features
of relationships (eg, nature of relationship between caregiver
and care recipient) [54,55], and time-dependent relationships
(eg, the impact of COVID-19 on the amount of time caregivers
could spend visiting the care recipient) [37,49] were also
discussed. No studies considered occupation, religion, or sexual
orientation in their discussion or limitations sections.

Quantitative Caregiver Outcomes

Outcomes Relating to Caregiving
Approximately 21% (6/28) of studies assessed the impact of
mHealth interventions on outcomes related to caregivers’
capabilities or experiences in providing care. These outcomes
included caregivers’ self-efficacy [44,63], sense of competence
[37] and confidence [46] in their caregiving role, knowledge
related to the care recipient’s condition [63], positive care
experience [37], and caregiver burden [43,44,46,63,64].
Although some studies found that caregiving self-efficacy and
knowledge improved after the implementation of an mHealth
intervention [44,63], other studies observed no difference after
the intervention in caregivers’ sense of competence [37],
confidence [46], or positive caregiving experience [37].

Approximately 14% (4/28) of studies using the Zarit Burden
Inventory [65] found that mHealth interventions led to
improvements in caregiver burden [43,44,46,64]. However, one
of the studies, which specifically assessed caregiver burden
related to the management of urinary incontinence, found that
burden was similar before and after the mHealth intervention

[63]; however, study investigators noted that the intervention
did not worsen caregiver burden [63].

Outcomes Relating to Caregivers’Health and Well-being
Approximately 39% (11/28) of studies assessed the impact of
mHealth interventions on various aspects of caregivers’ health
and well-being [37,40,42-44,46,47,60-62,64]. Impacts on
caregivers’mental and psychological health status were assessed
in 25% (7/28) of studies [42,44,46,60-62,64], with generally
positive results. Specifically, mental health status [44],
psychological well-being [42], depression [46,60], mood [60],
distress [46], and fatigue [64] were each noted to have improved
after the implementation of an mHealth intervention. For
example, the implementation of the WeCareAdvisor tool,
designed to provide caregivers with peer navigation,
information, and daily messaging, led to significant
improvement in self-reported distress (−6.08, SD 6.31 points;
P<.001) [46]. In this study, those in the control group
demonstrated a significant decrease in their confidence in
caregiving (−6.40, SD 10.30; P=.002) [46]. Conversely, a study
that assessed caregiver stress by testing cortisol levels in saliva
in a pretest-posttest design found no differences after the use
of an mHealth intervention designed to manage the behavioral
and psychological symptoms of dementia [64]. Caregivers’
self-appraised happiness was also unchanged after the
intervention in one of the studies [62].

Approximately 11% (3/28) of studies assessed outcomes related
to caregivers’ physical health and well-being [44,47,64].
Caregivers self-reported improvements in their general physical
health status following the use of an mHealth intervention to
support the well-being and community living of older adults
and their spousal caregiver dyads [44]. Ptomey et al [47], who
implemented an mHealth app to encourage exercise, observed
that caregivers’ weekly moderate physical activity increased by
49 minutes (30% increase) per week over the 12-week
intervention period, whereas light physical activity increased
by 11.6 minutes (3% increase) per week. However, Park et al
[64] found no difference in caregivers’ sleep quality after the
implementation of a supportive mHealth app.

Approximately 14% (4/28) of studies used caregivers’ quality
of life as an outcome measure for their respective interventions,
with mixed findings. Ptomey et al [47] found nonsignificant
trends toward improvement in quality of life after the
implementation of an mHealth intervention. Beentjes et al [37]
and Tyack et al [62] found no significant changes in quality of
life following their interventions aimed at supporting caregivers
in finding user-friendly apps and viewing art to encourage
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therapeutic reminiscence, respectively. Salin and Laaksonen
[40] observed that some aspects of quality of life, in fact,
worsened, albeit mildly (breathing, sexual activity, vitality,
depression, and usual activities). One of the studies assessed
the impact of an mHealth intervention on caregivers’ social
engagement and found high positive responses using the Kaye
Gain Through Involvement Scale [66], suggesting that the gains
in well-being experienced while using the mHealth intervention
may be applicable when tested in a larger sample [43]. However,
the study investigators noted that their sample was meant only
for determining intervention efficacy and warranted testing with
a larger sample [43].

Outcomes Related to Usability, Feasibility, and
Acceptability of mHealth Interventions
Half of the reviewed studies assessed outcomes related to the
usability, acceptability, or feasibility of mHealth interventions
for caregivers of older adults [38-41,45,47,48,57-63].

Approximately 32% (9/28) of studies measured the usability or
ease of use of mHealth interventions by caregivers
[40,41,45,47,48,58,59,61,63]. Approximately 14% (4/28) of
articles used the System Usability Scale [67] to do so; usability
scores varied across studies, ranging from marginally acceptable
[45], moderate [48], and good to excellent [61]. Only 4% (1/28)
of studies compared the system usability scores across 2 phases
of their mHealth app intervention. Sourbeer et al [41] found
that usability did not significantly improve in a subsequent
version of their mHealth app updated in response to participant
feedback. The remaining 18% (5/28) of studies assessed
caregivers’ ease of use or perceived user-friendliness of the
mHealth intervention using descriptive statistics or averaged
Likert scale scores. These studies generally reported positive
results, suggesting that caregivers believed the interventions
were easy or very easy to use [40,47,58,59,63].

Approximately 21% (6/28) of studies examined caregivers’
satisfaction or positive feelings toward the intervention
[39,40,47,48,58-61]. Most reported that caregivers were
generally satisfied with the mHealth intervention, perceived the
intervention as relevant and useful to their caregiving activities,
and felt positive about their experiences with the intervention
[39,40,47,48,58-61]. However, greater technical difficulties
were reported in a study of participants who lived rurally and
reported lower levels of satisfaction [40].

Approximately 29% (8/28) of studies explored the feasibility
of an mHealth intervention by measuring the regularity,
frequency, and extent of its use by caregivers over the
intervention period [38,57-60,62]. Use varied across the included
studies, and investigators did not consistently establish
expectations of use for their participants nor defined what
constituted adequate use of the intervention. Tyack et al [62]
reported that the participants used their app at least five times
during the intervention period, as suggested by the study
investigators. Callan et al [38] found that 22 out of 27 (81.5%)
caregivers used the mHealth intervention regularly (as defined
by the study investigators as at least 3 weeks out of the 4-week
intervention period). Baseline caregiver stress, worry, and sleep
quality did not adversely affect the use of the mHealth
intervention, and caregivers with the highest self-reported stress

and worry reported the highest levels of mHealth intervention
use [38]. Sikder et al [60] reported that over half of their 17
study participants accessed ≥75% of the informational
documents in their mHealth app. The remaining 11% (3/28) of
studies reported varying frequencies or hours of use per week
during the intervention period [57-59]; however, these studies
did not comment on whether these frequencies constituted low,
medium, or high use of their mHealth interventions.

Approximately 11% (3/28) of studies assessed feasibility by
measuring the intervention attendance and retention of
caregivers during the intervention period [40,45,47]. The
attendance rates for caregivers varied from 72% (13.7/19) [40]
to 97.1% (34/35) [45]. Ptomey et al [47] and Hastings et al [45]
reported similar figures (7/9, 78% dyads, and 31/40, 78% dyads,
respectively) for the caregiver–care recipient dyads completing
their interventions.

Other feasibility measures used by the reviewed studies included
the extent to which caregivers followed or adhered to the
mHealth intervention [38,63]. Callan et al [38] reported that
caregivers’ continued engagement in a cognitive training
mHealth intervention program was evidenced by improvements
in their ability to perform cognitive training tasks. Davis et al
[63] reported that caregivers were capable of learning and
implementing the prompted toileting strategies to support care
recipients with the help of an mHealth intervention, as evidenced
by a reduction in care recipient wetness in 2 out of 3 participant
dyads.

Qualitative Caregiver Findings

Overview
Of the 28 studies, 7 (25%) qualitative studies and 7 (25%) mixed
methods studies presented findings relating to caregivers’
experiences of engaging in mHealth interventions [49-62]. These
qualitative findings included (1) positive impacts of caregivers’
experiences with mHealth interventions, (2) challenging aspects
of caregivers’ experiences with mHealth interventions, (3)
barriers to caregivers’ engagement with mHealth interventions,
and (4) caregivers’ suggestions to improve mHealth
interventions.

Positive Experiences With mHealth Interventions
Most studies highlighted promising findings related to the
positive impacts of caregivers’ experiences with mHealth
interventions. Participants across the included studies found
mHealth interventions to be helpful, user-friendly, and easy to
understand [49,50,54,55]. mHealth interventions were perceived
to help caregivers connect with the care team and provide care
for their loved ones [53,55,57,60,61]. The information provided
through mHealth interventions was described as relevant to
addressing participants’ educational needs [49,52]. Caregivers
also valued the role of mHealth interventions in detecting their
stress levels [50] and facilitating timely connections to a diverse
range of professional services and social support
[49,52,54,56,62]. Participants in the included studies reported
benefits to their emotional and cognitive well-being [60,62] and
described reappraising and feeling closer to the care recipient
[54,62]. The mobile delivery of the interventions also
contributed to feelings of safety and security, as caregivers could

JMIR Aging 2022 | vol. 5 | iss. 3 | e33085 | p.300https://aging.jmir.org/2022/3/e33085
(page number not for citation purposes)

Garnett et alJMIR AGING

XSL•FO
RenderX

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


participate from their homes [54,56]. Although some participants
initially felt a lack of confidence in using technology, caregivers
in 7% (2/28) of studies reported becoming more engaged and
comfortable over time by integrating the mHealth intervention
into their lives [54,57].

Challenging Experiences With mHealth Interventions
Several studies described the negative aspects of caregivers’
experiences with using mHealth interventions, although these
were often reported as being applicable to only a minority of
participants. Approximately 11% (3/28) of studies indicated
that some participants felt that the mHealth intervention was
too complex or difficult to understand [49,51,60]. In another
study, participants felt that the intervention included questions
that were overly obtrusive or confronting; for example,
participants were not always comfortable answering questions
they perceived as challenging [55]. Some studies highlighted
caregivers’ concerns regarding the potentially detrimental
impacts of mHealth interventions; for example, interventions
that facilitated reminiscence could trigger painful memories
and lower mood [54,62]. Hughes et al [50] further described
caregivers’ concerns regarding the diversion of their time and
attention toward the mHealth intervention and away from the
care recipient. One of the studies highlighted the preference of
some participants for in-person interventions, citing physical
contact as an important element of care (eg, hugging), which
was not possible in a digital environment [56].

Barriers to Caregivers’ Engagement With mHealth
Interventions
Caregivers relayed frustration with the usability of mHealth
interventions, including difficulties navigating the intervention
on their mobile devices [49,50,62]. Challenges included print
that was too small [49,50], screens that were overly sensitive
or had too much glare [62], and language that was too complex
[49]. Several studies highlighted a lack of familiarity or
experience with technology as a key barrier to the use of
mHealth interventions, particularly for older caregivers
[51-53,55]. The busy schedules of caregivers for older adults
were also identified as a barrier to regular mHealth intervention
use, particularly if caregivers were often pulled away from their
devices by care recipients or if they were experiencing health
issues themselves [50,52,58,60].

In other cases, participants felt that the intervention’s content
was not relevant to their immediate needs [49,51] or lacked
realism (eg, lack of ethnic diversity among actors portraying
caregivers in the mHealth intervention) and up-to-date links to
relevant resources [49]. Other barriers included the prohibitive
cost of mobile devices and internet or data plans [52] and the
availability of a stable internet connection in rural regions [56].

Caregivers’ Perspectives Regarding Next Steps
Qualitative findings frequently incorporated participants’
suggestions to make mHealth interventions more user-friendly
and accessible to caregivers. Suggestions included simplifying
the intervention’s interface or instructions, enlarging text and
images, and including subtitles on video resources for
individuals with hearing impairment [49,52,61,62]. Participants
voiced the need for ongoing technical support, particularly for

caregivers who were unfamiliar with using mobile devices
[51,56].

The participants also made suggestions to develop more relevant
and up-to-date content for mHealth interventions. Several studies
highlighted the need to embed local and national services for
caregiver support, including interventionists and respite care
[58-60]. For interventions that targeted the caregiver–care
recipient dyad, participants highlighted the need for more
information specifically related to their own health, such as
healthy coping [49,52,58,61]. Participants also called for greater
emphasis on topics that caregivers often find difficult, including
information about deciding to move to a care home, managing
activities of daily living and aggressive behaviors, and resources
for individuals experiencing abuse [49,52,58].

Other findings suggested to improve mHealth engagement
among caregivers included greater ethnic diversity portrayed
within the mHealth intervention [49], establishing a reward
system to encourage regular use [50], and creating a component
for the care recipient to be included when the caregiver uses the
mHealth intervention [50].

Discussion

Principal Findings
This systematic review examined how health and social equity
are considered in the design, implementation, and evaluation
of mHealth interventions developed for caregivers of older
adults using the PROGRESS-Plus framework. The interventions
described in the included studies were designed to create
linkages between caregivers and external supports, streamline
and optimize caregiving activities, and encourage a focus on
caregiver health and well-being. As such, evidence on the
impacts of caregiver-focused mHealth interventions was
synthesized across a range of outcomes.

The findings indicate that health and social factors are not
consistently taken into consideration when designing research
studies (ie, used to develop and guide recruitment and
intervention design). Furthermore, participant characteristics
are most often only reported within study results when
summarizing participant characteristics or when identifying
limits to the generalizability of the findings. However, this
review highlights how mHealth interventions are well-positioned
to improve caregivers’ self-efficacy and knowledge, their
perceived mental and physical wellness, and their relationships
with care recipients. The usability and acceptability of mHealth
interventions were characterized by ease of use, ease of
navigating technical challenges, and relevance of intervention
content to the caregivers’ individual roles and context.

Consideration of PROGRESS-Plus Factors in Studies
on mHealth Interventions for Caregivers of Older
Adults

Overview
Most studies in this systematic review on mHealth interventions
for caregivers of older adults considered some PROGRESS-Plus
factors, particularly when describing their study samples.
However, such demographic reporting reflects standardized
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reporting practices of participant composition rather than
deliberate and targeted approaches to recruiting caregivers across
sociodemographic characteristics to determine whether an
intervention is suitable for a diversity of participants. The factors
described in the following sections were considered critical in
the intervention design.

Gender Sex or Sexual Orientation
Importantly, few studies considered actively recruiting
caregivers of different self-reported genders or considered the
relevance of gender in intervention design or implementation.
Research suggests that biological and gender differences affect
health across a range of parameters such as risk, disease
incidence, and the need for health services [27]. Furthermore,
sexual orientation was, in fact, eclipsed across all studies,
particularly when many studies focused on caregiver health and
well-being, which includes the relationship they have with care
recipients. Recent evidence indicates that sexual and gender
minority caregivers, such as those identifying as queer and
transgender, report higher depressive symptoms (78%) than the
overall population of caregivers of people with dementia (34%)
[68]. This finding highlights the importance of diversifying
samples across genders and sexual orientations to reliably assess
and address caregivers’ mental health. The importance of
considering the intersections among gender, sexual orientation,
and other sociodemographic factors was also highlighted in the
survey of a cross-sectional sample of members of the National
Alliance for Caregiving. Caregivers who identified as lesbian,
gay, bisexual, and transgender were more likely to be racially
and ethnically diverse and represent lower socioeconomic
classes than those who did not [69].

Education
Education, although frequently reported in demographics, was
also rarely considered as an important factor in informing
intervention design and recruitment. Women with lower
education are more likely to assume caregiving roles than those
who have had additional educational opportunities [11]. Lower
literacy levels among caregivers can affect their ability to
navigate the health system and locate appropriate support for
themselves and their care recipient [70], factors that can directly
influence the design and usability of mHealth interventions. For
example, lower literacy can affect comprehension of text-based
content in mHealth apps, the ability to correctly enter spelled
words in search functions, and the ability to navigate app menus
[71]. The importance of designing mHealth interventions that
account for varying levels of educational background is
underscored by the association of literacy with health and digital
literacy [72].

The findings of the included studies suggest that experience
with technology can be a key barrier to the use of mHealth
interventions, particularly among older caregivers [51-53,55].
A survey of a broad age range of caregivers suggests that
younger caregivers (aged <50 years) are more than twice as
likely than older caregivers to be receptive to using mHealth
apps to support them in their caregiving roles [24]. For older
adults, trust in technology as it relates to privacy and access to
information can be an important factor in the use of mHealth
interventions, especially given the heterogeneity of this

population [24,73]. These findings suggest that exploring
barriers and facilitators, as identified by the included qualitative
studies, aimed at educating older adults on how to use mHealth
interventions is essential to facilitate perceived trust, comfort,
and usability of technology. Thus, beyond education as a social
determinant of health, wide disparities exist across caregivers
in comfort with using various technologies, such as tablets,
iPads, and mobile phones [73].

Socioeconomic Status
Socioeconomic status was minimally considered in the
intervention design and was most often addressed when
describing sample characteristics. Multiple studies reported
providing participants with devices to support the use of
mHealth apps [37-41,43,45-47,51,53-57,61-63]. In some cases,
participants were allowed to keep the devices; however,
especially in those instances in which they were not, the
feasibility of such interventions for caregivers across income
levels needs to be explored.

Some interventions were designed to facilitate communication
access to health professionals and other individuals (eg, support
groups), highlighting the need for access to a reliable internet
connection. This lack of access may be due in part to financial
constraints, as a survey of caregivers in the United States found
that cost was a commonly reported barrier to the use of
technology [74]. Furthermore, older adults living on fixed
incomes may be reticent to spend money on devices they do
not value or find overly complicated [75]. Importantly, older
caregivers tend to have fewer technological devices than their
younger peers, and these technologies are often used for
communication purposes rather than health management
purposes [18]. Although most caregivers report valuing
technology, those that use it for health-related activities tend to
use it for targeted caregiving activities such as medication
tracking or safety [18]. Therefore, additional support or
education may be required to increase caregiver uptake of
mHealth interventions as a tool for addressing broader caregiver
needs such as communication with health teams or liaising with
other caregivers. Computers and smartphones are increasingly
being owned by people with higher income and education, and
the provision of caregiver support through mHealth apps could
increase inequalities if economic resources are not considered
in the design and implementation of these interventions [71].

Culture, Language, and Race
The nature of caregiver–care recipient relationships can be an
important factor in the design of mHealth tools, particularly
when it comes to cultural expectations of family members,
gender roles, and other caregiver demographics. The included
studies had samples primarily made up of women, validating
the literature that suggests women are most likely to provide
caregiving support, corroborating cultural norms across a range
of identities [76]. However, these studies did not address how
intersecting identities (eg, culture, gender, race and ethnicity,
and socioeconomic status) might shape expectations and
responsibilities within a caregiving role [11,12,68]. Research
suggests that culture strongly affects caregiving but that cultural
influences on the caregiver role must be understood within the
context of race and gender socialization [77]. For example,
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individualistic or Western notions of strategies to address
caregiver burdens, such as spending time alone or sharing
caregiving responsibilities with friends or family, might not
resonate with caregivers from other cultures, particularly those
with a strong sense of filial responsibility or immigrant
caregivers without local support [78]. Furthermore, mHealth
apps not provided in caregivers’ first languages decrease
accessibility and would require careful translation and cultural
adaptation to remain meaningful [79]. The impact of these
factors on caregiver-specific outcomes, such as caregiving
self-efficacy, health and well-being, and technology usability,
is yet to be explored. Intersecting identities are increasingly
important to consider when tailoring web-based caregiver
interventions to participants’ individual needs [19].

mHealth Interventions Developed for Caregivers of
Older Adults

Impacts of mHealth Interventions on Caregiver Health
and Wellness
Studies evaluating mobile technology interventions aiming to
promote caregivers’ perceived mental and psychological health
reported benefits to their emotional and cognitive well-being
[60,62]. Some of these interventions, such as the
videoconferencing platform developed by Lai et al [44], were
designed in lieu of in-person community services, following
shelter-in-place orders during the COVID-19 pandemic.
Connecting caregivers to professional and peer support using
web-based technologies has been shown to improve mental
health outcomes and can help caregivers overcome common
access-related barriers related to PROGRESS-Plus factors, such
as geographical and time constraints or community mobility
limitations related to physical or mental health [18-20].
However, findings from the included studies suggest that
caregivers still require opportunities for in-person interaction
(eg, hands-on training from a health care provider to successfully
use external support systems), suggesting that the impact of
hybrid models of interventions to improve caregiver health and
wellness is not well understood [20]. Furthermore, a review of
these interventions using the PROGRESS-Plus factors suggests
that, although caregivers stand to benefit from mHealth
interventions and many older adults report being comfortable
with smartphone use, uptake may continue to be constrained if
support is not provided to help caregivers learn and familiarize
themselves with mHealth apps at the outset [80]. Hybrid
approaches have the potential to increase caregiver self-efficacy,
as opposed to overwhelming caregivers with new tools and
technology, which warrants further research.

Supporting the Caregiver Role Through mHealth
Interventions
Caregivers’ ability to perform their roles was a key focus of the
examined mHealth interventions and outcomes of interest within
the included studies. Although some interventions focused on
creating external structures that facilitated responsibilities of
providing care (eg, medication alarms, and checklists), the use
of these tools had the potential to complicate caregiving
responsibilities. For example, in one case, caregivers described
that the increased screen time to engage in the intervention was

taking away from the time they had to complete other caregiving
tasks [58]. The impact of such detrimental experiences, as they
relate to, for example, PROGRESS-Plus factors of
gender-informed cultural caregiving roles, features of
relationships, or caregiver disability, is not well understood.
Wasilewski et al [34] found that caregivers’ decline in
web-based intervention use may be attributed to a malalignment
with their specific needs and capabilities across the caregiving
trajectory. In such cases, it is important for those recommending
mHealth interventions to caregivers to consider whether a
particular intervention itself might increase the caregiver burden
[81]. Furthermore, research suggests that if older adults perceive
an mHealth app to be beneficial to their health and well-being,
their likelihood of ongoing and increased engagement with other
apps increases [82]. Individualized tailoring of mHealth apps
and providing the necessary access and universal design can
foster equitable uptake and increase the potential benefits of
mHealth interventions.

Usability, Feasibility, and Acceptability of mHealth
Interventions
Overall, caregivers in the included studies were generally
comfortable using mHealth interventions and reported positive
impacts on their caregiving role [49,50,54,55]. However,
findings such as the prohibitive costs associated with mobile
devices and internet and data plans, in combination with the
quality of internet provision to those living in rural settings,
highlight the importance of equitable service provision across
the PROGRESS-Plus factors [52,56]. The findings of this review
also showed that 64% (18/28) of studies
[37-41,43,45-47,51,53-57,61-63] provided participants with the
devices required to engage in the interventions, suggesting that
the economic feasibility of these interventions needs to be better
understood.

Technical features such as app use data may provide valuable
insights into the frequency and applicability of interventions to
caregiver needs and their unique lifestyles. Furthermore,
researchers have been urged to include older adults and their
caregivers in the design and development of mobile app
technologies [48]. However, a minority of the studies included
in this review described stakeholder input as a component of
their intervention design or implementation [40,50,53-55,58,61].
Co-design approaches present important opportunities for
engaging diverse populations to help ensure that mHealth
interventions are inclusive and accessible.

Implications
Moving forward, an important reminder is that social
determinants of health should be consciously considered in all
aspects of mHealth intervention design and implementation to
avoid perpetuating inequities experienced by historically and
currently systemically disadvantaged caregivers of older adults
living with chronic conditions [25,83]. Purposeful efforts to
include a diverse range of participants in research, such as
evidence-based recruitment strategies, can help redress these
potential inequities and inform the development of more
inclusive interventions [84,85]. The PROGRESS-Plus
framework is an appropriate tool to help ensure that a health
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and social equity lens is applied in research design and reporting,
the use of which should be widely endorsed [27,86].

This review highlights the need for high-quality mHealth studies.
Particular attention must be paid to improving the design of
mHealth interventions and ensuring equality in access and
adoption of mHealth interventions [71]. Participatory action
approaches to research, such as co-design, are ideal for ensuring
that mHealth interventions meet the needs of diverse caregivers.
Furthermore, inclusive design principles can be used in more
traditional research methodologies to ensure that mHealth
interventions do not amplify health disparities. This could be
achieved by accommodating low literacy by including audio
narration and visual depictions or by directing funding to
increase access to human resource infrastructures (eg, technical
support) that promote mHealth interventions in remote or
low-income regions [71].

Strengths and Limitations
The studies included in this systematic review represent the
diversity of mHealth interventions that have been conceptualized
and created to address caregiver needs. Unfortunately, many
studies were found to be poorly designed and executed.
Although half of the included studies assessed usability,
feasibility, and acceptability of mHealth interventions, which
are all important aspects of technology use, many of these used
qualitative approaches and lacked overall methodological rigor.
Given the variety of mHealth apps, technological devices, and
implementation protocols, equivalent comparisons could not
be made across studies. A small number of studies were
identified evaluating the impact of caregiver-focused
interventions on caregiver-specific outcomes, limiting the ability
to make conclusive recommendations to guide practice.
Encouragingly, some of the included quantitative studies that
used valid and reliable standardized tools thoroughly described
their approach to statistical analysis and generally addressed
fidelity of intervention delivery.

In this review, multiple steps were taken to achieve
methodological rigor. The review was conceptualized and
designed using an equity framework and the best evidence on
interventions for caregivers of older adults. The search strategy
was developed in consultation with a health research librarian,
and database searches, screening, data extraction, and risk of
bias evaluations were conducted in duplicate, with a strong
agreement between reviewers. The review protocol was also
made publicly available a priori and was adhered to without
any deviations. In addition, the PRISMA and PRISMA-Equity
guidelines guided each phase of this study [28,87].

Inevitably, this study has some limitations. Although these
searches were conducted by health and rehabilitation
investigators across 3 large academic institutions in the Global

North, these institutions use similar health research databases
and search algorithms, which can affect future reproducibility
(ie, replicating searches in different institutions with different
journal accesses). The identification of potentially eligible
literature from the Global South, other disciplines beyond health
research (eg, technology literature databases), or those that are
categorized in other ways (eg, gray literature) is another
limitation of this review. However, this study highlights that
research on mHealth interventions for caregivers of older adults
primarily occurs within applied health settings. As such, future
reviews should examine non–peer-reviewed evidence such as
reports and program evaluations produced by the government
and health authorities that trial mHealth interventions.

This study could have been further strengthened by involving
additional team members, such as administrators of clinical
settings who would implement mHealth interventions and, most
importantly, caregivers of older adults themselves. By selecting
the PROGRESS-Plus framework as a theoretical guide, this
study did not examine the included interventions and
investigations in light of compounding factors that
disadvantaged caregivers (eg, impact of the intervention on
older women living in rural settings) or capture other health and
social factors beyond the framework (eg, access to health
insurance). However, using the framework as an approach to
name and identify how key individual factors have been
considered in intervention design and evaluation, this study has
set the stage for future investigations that examine the
confluence of multiple social determinants of health.

Conclusions
mHealth supports are well-positioned to support caregivers of
older adults by providing them with information,
communication, and assistance in their caregiving role.
However, access, uptake, and the ability to benefit from this
technology can be affected by the social determinants of health
and inequities among caregivers. This systematic review of
mHealth interventions to support caregivers of older adults
suggests that these tools are well-received by caregivers and
have the potential to support caregivers across a variety of
parameters by facilitating education, communication, and a
sense of security for caregivers. The social determinants of
health and equity factors are not widely considered in the design
and implementation of mHealth interventions, although these
parameters are frequently collected for demographic reporting.
Recognizing that there are many challenges in designing and
implementing mHealth interventions that are equitable, going
forward, it will be important to strive for greater inclusion of
the social determinants of health at all stages of mHealth
development and implementation if there is to be widespread
successful uptake of this supportive technology.
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Abstract

Background: Parkinson disease (PD) significantly impacts the lives of people with the diagnosis and their families. In addition
to the physical symptoms, living with PD also has an emotional impact. This can result in withdrawal from social roles, increasing
the risk for social isolation and loneliness. Peer support is a way to stay socially connected, share experiences, and learn new
coping skills. Peer support can be provided both in person and on the internet. Some of the advantages of online peer support are
that it overcomes geographical barriers and provides a form of anonymity; moreover, support can be readily available when
needed. However, the psychosocial impact of PD is still underresearched, and there is no systematic synthesis of online peer
support for people with PD.

Objective: This review aims to explore the benefits and challenges of online peer support and identify successful elements of
online peer support for people with PD.

Methods: The method selected for this systematic review is narrative synthesis. A total of 6 databases were systematically
searched in April 2020 for articles published between 1989 and 2020. The quality of the included studies was assessed using the
Critical Appraisal Skills Programme qualitative research checklist and the Downs and Black quality checklist.

Results: A total of 10,987 unique articles were identified through a systematic database search. Of these 10,987 articles, 8
(0.07%) were included in this review. Of the 8 studies, 5 (63%) were of good or high quality, 2 (25%) were of medium or fair
quality, and 1 (13%) study was of poor quality. Web-based platforms included discussion forums, a web-based virtual world,
and Facebook groups. Most papers reported on text-based communication. The included studies reported on sharing social support
and personal experiences. Successful elements included increasing similarity between members and offering the opportunity to
directly ask questions to a physician. Challenges included members leaving without a warning and PD symptoms hindering the
use of technology.

Conclusions: Peer support can improve social support and help people with PD in living meaningful and satisfying lives. Peer
support is unique and cannot be replaced by family members, friends, or health care professionals. Online peer support can be a
solution for those who do not have access to an in-person support group or whose PD symptoms restrict them from travelling.
However, research on the personal experiences of those who engage in online peer support and potential barriers in accessing it
remains limited. Future research could use qualitative methods to explore these fields further.

(JMIR Aging 2022;5(3):e35425)   doi:10.2196/35425
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Introduction

Background
Parkinson disease (PD) is a chronic and progressive,
neurodegenerative condition which is characterized by motor
symptoms such as tremor, bradykinesia, and rigidity. In addition
to the motor symptoms, many patients experience nonmotor
symptoms, such as sleep disturbances, depression, and
constipation [1]. It was estimated that in 2016, 6.1 million people
had PD globally [2]. People with PD typically start developing
symptoms in their 60s; however, it can also occur at a younger
age [3]. In 2018, in the United Kingdom, >145,000 people were
living with PD, of whom 19,690 were younger than 65 years
[4].

PD significantly impacts the lives of people with the diagnosis
and their families [5,6]. Owing to its chronic and
neurodegenerative nature, people with PD need ongoing care
and support [6]. In addition to the physical symptoms associated
with PD, receiving the diagnosis and living with the condition
also has an emotional impact. This includes anxiety for the
future, difficulties in managing the condition in daily life, and
the impact on the family [7]. PD can affect people’s social lives
and how they are involved in different roles, such as their role
within the family, social circles, or at work. Receiving a
diagnosis of PD and living with the condition can result in
withdrawal from such social roles, increasing the risk of social
isolation and loneliness [8].

The psychosocial impact of PD can be discussed within the
social health framework [9,10]. In this framework, health is
viewed in the social domain and includes three dimensions: (1)
being able to fulfill potential and obligations, (2) managing life
with some level of independence despite living with a health
condition, and (3) being able to participate in social activities
and work. When focusing on coping strategies and finding a
balance between limitations and one’s abilities, people can
successfully adapt to living with a chronic condition and still
live meaningful and satisfying lives [10]. Dröes et al [9]
discussed how the concept of social health relates to people
living with dementia, suggesting that it is possible for people
with dementia to still participate in the 3 dimensions of social
health and perceive a good quality of life. Within the PD context,
Vescovelli et al [11] touch upon the social health framework
by emphasizing the importance of social support for the
well-being of people with PD. Social support is a term used to
describe receiving care and help from others. It is often linked
to social connectedness and being part of a social network [12].
In their systematic reviews, Vescovelli et al [11] found that for
people with PD, social support is associated with greater social
inclusion and opportunities to remain involved with work,
supporting people to keep living meaningful and satisfying lives
despite their PD. Thus, social support could improve the social
health of people with PD [11]. However, despite these findings,
Hellqvist et al [8] and Vescovelli et al [11] conclude that the
psychosocial impact of PD is still underresearched.

One way in which people can stay socially connected and thus
improve their social health is through peer support [13]. Peer
support can be defined as the exchange of support between those
(also referred to as peers) who share a similar health condition
or life experience [14,15]. Peers can provide one another with
social support; more specifically, there is reciprocity of support,
meaning that people can develop a relationship in which they
can both receive and provide support. This can increase feelings
of empowerment [16,17]. Furthermore, peers can share
experiential knowledge, which includes information and
perspectives that people have because of their personal
experiences of living with a certain condition [17]. These
elements are unique to peer support and cannot be provided by
health care professionals or others who are not living with PD
[14,15].

Peer support can be provided in different ways, including
web-based settings. The internet is an important source of
health-related information and provides a platform for the
creation and spread of web-based patient communities [16].
Since the 1990s, the number of web-based patient communities
for a variety of health conditions has been increasing [18,19].
Such communities can function as self-help groups in which
members share experiences and emotions and provide mutual
support and empathy [16,20,21]. Some of the advantages of
online peer support compared with in-person support groups
include that it overcomes geographical barriers [19,22]; provides
a form of anonymity, which can be particularly suitable for
people with stigmatized conditions [22,23]; and online peer
support can be readily available at any time of the day when
needed [19,22]. Research has been conducted on online peer
support communities for a variety of health conditions, including
chronic conditions such as multiple sclerosis (MS) [24,25], HIV
or AIDS [26,27], and amyotrophic lateral sclerosis (ALS)
[28,29]. The review by Kingod et al [13] shows that online peer
support communities can offer people with chronic conditions
emotional, social, and practical support in managing their
condition in their daily lives. Chronic conditions covered by
this review include type 1 diabetes, HIV or AIDS, and chronic
pain [13].

Web-based health communities and peer support in web-based
settings is a rapidly growing field [16,18,19]. Especially during
the COVID-19 pandemic and national lockdowns, connecting
with others on the web has become increasingly important.
However, knowledge of the long-term effects of online peer
support, how it impacts users’health and self-management, and
what particular elements make it useful and meaningful need
further research [19,30]. Research into online peer support for
people affected by PD is also growing [31,32]; however, to the
best of our knowledge, there is no systematic synthesis of this
research yet.

Objectives
This narrative synthesis systematic review aimed to (1) explore
the benefits and challenges of online peer support and (2)
identify successful elements of online peer support for people
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with PD. In this review, the challenges cover things that make
it more difficult for a person with PD to use online peer support.
This can include aspects related to technology as well as
PD-related challenges. Understanding the successful elements
can be helpful in improving existing and developing new online
peer support opportunities for people with PD as well as other
conditions. Elements of online peer support were deemed
successful if studies identified positive outcomes for the people
with PD engaging in online peer support.

Methods

Narrative Synthesis
The method that was selected for this systematic review was
narrative synthesis, using the procedures outlined by Popay et
al [33]. This entails including the following elements: (1) theory
development, (2) development of a preliminary synthesis, (3)
exploration of relationships in the data, and (4) assessment of
robustness of the synthesis. With a narrative synthesis, the
presentation of the findings is mainly words- and text-based,
and it is a useful method to identify elements of best practice

[33]. Furthermore, this review followed the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
2020 guidelines [34]. More details on the narrative synthesis
methods can be found in Multimedia Appendix 1
[9,10,14,16,33,35].

Search Strategy
A systematic database search was conducted in April 2020. The
search strategy was developed with the help of 2 librarians and
NC, who is an academic expert on online peer support. The
initial search was part of a wider appraisal of the literature and
included PD, MS, ALS, and Huntington disease. This paper
will only present the results for patients with PD. A total of 6
databases were searched: CINAHL, Cochrane Library,
EMBASE MEDLINE, PsycINFO, Scopus, and Web of Science.
The keywords used for the searches are presented in Textbox
1. A search filter for the year of publication, 1989 to 2020, was
applied. This was because the World Wide Web was introduced
in 1989. No filters on the study design were applied. Finally,
the reference lists of the included papers were searched
manually. This did not result in any new papers being added.

Textbox 1. Search terms.

Search term 1

• parkinson* disease

• parkinson*

Search term 2

• online

• digital

• web-based

• app-based

• internet

• social media

• peer

• peer support

• support group

• social support

• online support group

• online support commun*

• discussion forum*

• bulletin board

• chat room*

• computer-mediated support

• internet support group*

• internet support commun*

• online self-help

• web-based support group*

• web-based support commun*
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Textbox 2 lists the inclusion and criteria followed while selecting papers for this review.

Textbox 2. Inclusion and exclusion criteria.

Inclusion criteria

• The study population included people living with Parkinson disease or a blend of people living with Parkinson disease and caregivers.

• The intervention included online peer support. For this review, online peer support was regarded as communication via the internet between
peers in a web- or app-based environment that is designed to facilitate social contact using either an asynchronous or synchronous text- or text
and video-based platform (eg, social media platforms, forums, or chat rooms).

• Publication between 1989 and 2020.

• Publication in peer-reviewed journals.

Exclusion criteria

• The study focused solely on caregiver perspectives.

• The intervention included online peer support that was part of a program that also included in-person or telephone-based peer support.

• The study did not report on peer-to-peer interactions. This exclusion criterion was added after initial screening. See the Study Selection section
for more details.

• Literature reviews, opinion pieces, protocols, editorials, or conference abstracts.

• Papers written in a language other than English if a translation was not available.

Study Selection
The search results were imported into EndNote (Clarivate), after
which all duplicates were removed. The primary reviewer (EVG)
reviewed each title and abstract against the eligibility criteria.
The primary reviewer consulted a second reviewer (ARL) on
the titles and abstracts that she was unsure about. The title and
abstract screening was followed by a full-text analysis of the
potentially relevant papers. The initial full-text analysis was
conducted by the primary reviewer. The same procedures as
used for the title and abstract screening were followed. At this
stage, the main reason for labeling a paper as unsure was that
although the paper met the inclusion and exclusion criteria, it
mainly focused on other outcomes (eg, quality of life) rather
than peer-to-peer interactions. Following a discussion with a
third reviewer (OM), it was decided to refine the exclusion
criteria and add the criterion that papers could be excluded if
they did not report on peer-to-peer interactions. The papers that
were included up to that point were reassessed against the newly
added exclusion criterion.

Data Extraction
Following the study selection, the primary reviewer (EVG)
extracted the data using standardized data extraction forms.
Data were extracted on (1) study information, (2) study
characteristics, (3) population characteristics, (4) characteristics
of the web- or app-based platform, (5) outcomes, and (6)
implications for future research. ARL provided a second
independent review of the completed data extraction forms.

Quality Assessment
In all, 2 quality assessment tools were used to assess the risk of
bias in individual studies. EVG completed the initial quality

assessment and ARL provided a second independent review.
For the assessment of the risk of bias in qualitative studies, the
Critical Appraisal Skills Programme (CASP) qualitative research
checklist was used [36]. This checklist consists of 10 questions
related to “rigour, credibility and relevance” [37]. For studies
that could not be assessed using the CASP checklist, the Downs
and Black quality checklist was used. This tool consists of 27
items and is suitable for both randomized and nonrandomized
studies [38]. Both the CASP checklist and the Downs and Black
quality checklist were recommended by the Centre for Reviews
and Dissemination guidance for undertaking reviews in health
care [37] and have been successfully used in previous systematic
reviews [39,40].

For the CASP checklist, studies will be graded high, if they met
or partially met 8 to 10 items; medium, if they met or partially
met 5 to 7 items; and low, if they met or partially met 0 to 4
items [41]. For the Downs and Black quality checklist, papers
are labeled excellent, if they have 24 to 28 points; good, if they
have 19 to 23 points; fair, with 14 to 18 points; and poor, when
they have less than 14 points [42].

Results

Overview
The results section covers element 2 of a narrative synthesis:
developing a preliminary synthesis. A web-based database
search returned 10,987 unique titles and abstracts. After
screening of the titles, abstracts, and full texts, of the 10,987
papers, 8 (0.07%) met the inclusion criteria for this review. An
overview of the web-based database search and screening
process can be found in Figure 1.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram of the search and review process. PD: Parkinson
disease.

Study Characteristics
An overview of the study characteristics is presented in Table
1. This review includes a variety of methods. Of the 8 papers,
3 (38%) papers used a qualitative content analysis of posts on

a discussion forum [31,32,43], 3 (38%) papers reported the
findings of a pilot study [44-46], 1 (13%) paper conducted an
ethnographic study in a virtual world [47], and 1 (13%) paper
conducted a survey and interviews [48].
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Table 1. Study characteristics.

QAa scoreSampleEligibility
criteria

Study popula-
tion

Setting
(country)

InterventionDesign (methods)Aim or aimsStudy (year)

9 (high)A total of 4 web-
based communi-

PD online
support

People living
with PD

Study con-
ducted in the
United King-

On the internet,
public, asyn-
chronous discus-
sion forum

Qualitative con-
tent analysis of
posts on 4 discus-
sion forums

Experiences of

PDb forum
users

Attard and
Coulson [31]
(2012) ties; 1000 to

10,000 members
per group; approx-

groups with
a discussion
forum

dom; data
collected
from the imately 100 ac-
United tive members per
States, Cana- group; age un-
da, and Aus-
tralia

known (only
what members
decided to share);
more women
than men; 1013
messages (approx-
imately 250 per
group)

8 (high)In all, 1 web-
based communi-

Physician-
moderated

People living
with PD and
carers

UnknownOn the internet,
public, asyn-
chronous discus-
sion forum

Qualitative con-
tent analysis of
posts on discus-
sion forum

Interaction be-
tween profes-
sional and per-
sonal expertise
in web-based
PD community

Bakke et al
[32] (2018)

ty: 107 threads,
409 individual
comments; age
and gender un-
known (only

forum for
PD

what members
decided to share)

8 (high)PD community:
35 members, 30

Not reportedPeople with
PD

UnknownOn the internet,
asynchronous
discussion fo-
rum

Qualitative con-
tent analysis of
posts on discus-
sion forum

Social support
and consumer
value in web-
based health
communities

Stewart
Loane et al
[43] (2014) threads, 137

posts; age and
gender not report-
ed

7 (medi-
um)

A total of 2 peo-
ple living with
PD (1 male and 1

Members of
a PD commu-
nity in a vir-

People living
with PD

Study con-
ducted in the
United

Second Life, a
virtual world

Qualitative
ethnographic
web-based study
in a virtual world

Creativity of
people with PD
in a virtual
world

Davis and
Boellstorff
[47] (2016)

female); female
patient with

tual world
(recruited

States (based
on ethics ap-
proval) young onset PD,

male patient with
unknown onset

through prior
fieldwork in
2004)

16 (good)A total of 66 par-
ticipants: 12 were

People living
with PD in

People living
with PD

Study con-
ducted in the
United
States

A total of 6
web-based PD
support groups
delivered by
professionals;

Pre-post measure-
ment study com-
paring homoge-
neous and hetero-
geneous groups

Impact of group
composition
and utility of
computer-based
text analysis in
developing

Lieberman et
al [46]
(2005) unable to attend,

12 dropouts from
homogenous
groups, and 9

California
and attend-
ing web-
based PDweekly meet-

web-based
groups

dropouts from
heterogeneous
groups; homoge-

support
groups, de-
scribed in

ings for 20
weeks; 3 homo-
geneous groups

neous groups:the study by(2 young onset,
mean age 55.6Lieberman et

al [46]
aged <60 years;
1 newly diag-
nosed in the last

(SD 6.4) years,
77.8% female;

2 years); 3 het- heterogeneous
erogeneous groups: mean age
groups (mix of 63.9 (SD 8.5)
age and time
since diagnosis)

years, 46.2% fe-
male
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QAa scoreSampleEligibility
criteria

Study popula-
tion

Setting
(country)

InterventionDesign (methods)Aim or aimsStudy (year)

16 (good)A total of 66 par-
ticipants: 32
completed pre-
post measure-
ments; mean age
60.2 (SD 9.2)
years, 68% male

People living
with PD in
California

People living
with PD

Study con-
ducted in the
United
States

See above for
Lieberman et al
[46]

Pilot study of ef-
fectiveness of
professionally led
web-based PD
support groups

Willingness to
participate in
professionally
led web-based
groups; charac-
teristics of par-
ticipants; out-
comes; group
composition

Lieberman et
al [45]
(2006) (same
population
[46])

15 (fair)A total of 66 par-
ticipants: 26 pre-
mature termina-
tors and 40 contin-
uers

People living
with PD

People living
with PD

Study con-
ducted in the
United
States

See above for
Lieberman et al
[46]; weekly
meetings, 90
min per meet-
ing, 25 weeks;
premature termi-
nation: attend-
ing <10 meet-
ings

Pilot studyCharacteristics
of people with
PD in online
support groups
and impact of
fear on dropout
rates

Lieberman
[44] (2007;
same popula-
tion [46])

4 (low)A total of 257
Facebook groups
and 100 Twitter
groups; no demo-
graphic informa-
tion about group
members was
presented

Facebook
and Twitter
focused on
prevention,
treatment,
fund raising,
cures, or
general infor-
mation

People affect-
ed by PD

UnknownFacebook and
Twitter groups
for PD

Mixed methods
survey and inter-
views with Face-
book and Twitter
users

Characteristics
of Facebook
groups and
Twitter and
their purposes
and functions

Martínez-
Pérez et al
[48] (2014)

aQA: quality assessment.
bPD: Parkinson disease.

Summary of Interventions
In all studies, the mode of communication between the
participants was text-based. In 50% (4/8) of studies,
communication was asynchronous [31,32,43,48], meaning that
participants did not necessarily communicate with each other
in real time. This is one of the characteristics of discussion
forums, where people can post a message and others can respond
at a time that is convenient for them. A total of 50% (4/8) of
studies [44-47] used real-time communication (synchronous).
Other than in a study [48], all online peer support communities
analyzed in this review were moderated. This means that one
or multiple people either guided the discussion or monitored
posts. Although 75% (6/8) of studies only included people living
with a PD diagnosis [31,43-47], 25% (2/8) of studies included
both caregivers and people with a PD diagnosis [32,48].

Quality Assessment
Of the 8 papers, 5 (63%) were of good or high quality, 2 (25%)
were labeled medium or fair quality, and 1 (13%) paper was

labeled as poor quality. In total, 63% (5/8) of papers were
assessed using the CASP checklist. Of these5 papers, 3 (60%)
were labeled as high quality [31,32,43], 1 (20%) as medium
[47], and 1 (20%) was assessed to be of low quality [48]. The
38% (3/8) of remaining papers were assessed using the Downs
and Black quality checklist. Of these 3 papers, 2 (67%) were
labeled as good [45,46] and 1 (33%) was labeled as fair [44].
An overview of the CASP checklist, Downs and Black quality
checklist, and the scores for each study can be found in
Multimedia Appendix 2 [31,32,43-48].

Key Findings

Overview
An overview of the web-based platform characteristics is
presented in Table 2. An overview of the study outcomes is
presented in Table 3.
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Table 2. Web-based platform characteristics.

ModerationCommunicationPlatformStudy

YesText-based (asynchronous)Discussion forumsAttard and Coulson [31]

PhysicianText-based (asynchronous)WebMD (discussion forum)Bakke et al [32]

UnknownText-based (asynchronous)Discussion forumLoane et al [43]

ResearchersVerbal (synchronous)Virtual worldDavis and Boellstorff [47]

ProfessionalText-based (synchronous)Online support group in chat roomLieberman et al [46]

ProfessionalText-based (synchronous)Online support group in chat roomLieberman et al [45]

ProfessionalText-based (synchronous)Online support group in chat roomLieberman [44]

UnknownText-based (asynchronous)Facebook and TwitterMartínez-Pérez et al [48]
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Table 3. Study outcomes.

ImplicationsSuccessful elementsReported outcomesStudy

Attard and Coulson
[31]

• Explore the use of voice tools for

people with PDa who have difficul-

• Variety in experience, opinions, and
advice

• Positives:
Social support, mutual understand-
ing, and empathy

•
• Tailored advice to individual mem-

bers in simple, nonmedical lan-
ties typing because of their symp-
toms• Sharing experiences and advice

guage• Being part of a community, feel-
ing less alone, and friendship

• Ask users directly about experi-
ences• Writing may help people to reflect

on their situation and share things• Encouragement, positive think-
ing, and resilience

• Evaluate:
that are difficult to express face to
face

• accuracy of shared informa-
tion• Negatives: • Anonymous nature may help mem-

bers to discuss taboo topics more
• impact of public nature of fo-

rum on members’ experience
• Lack of replies
• Symptoms restricting ability to

use computer
openly and concerns about privacy

• impact of the presence of pro-
fessional moderators

• Lack of personal information
• Absence of nonverbal communi-

cation
• Members leaving could be dis-

tressing for other members

Bakke [32] • For designing future forums:• Having a physician moderator• Role of professional expertise:
Trust in physician’s opinion • include badges and ratings to

add validity to forum users’
•• Opportunity to directly ask

questions to physician• Acknowledging value of lived
experience contributions• Physician using understanding

and supportive tone • clear norms and values pinned
to home page• Role of lay expertise:

• Peer interaction, receiving advice
from others going through some-

• Value and trust peer’s experi-
ences. Mutual understanding and • Moderation (professional or nonpro-

fessional)thing similarempathy
• Forum design: clearly labeling posts

and profiles of physicians may play
• Sharing personal experiences
• Reciprocity in answering ques-

tions and info sharing a role in building trust
• Referring to physician for advice
• Trust increased over time as

members shared more

Stewart Loane et al
[43]

• Using different methods to directly
explore members’ experiences

• People with PD developed value
through discussion without needing
health care professionals to be

• Information support most frequent,
emotional support second.
• Initial posts often request informa-

tion. Responses include answers
• Further explore what features of a

web-based community promote apresent. This is helpful for health
care professionals and managers.and network and emotional sup- sense of community among mem-

port bers• Web-based discussion forums can
remove barriers of information• When sharing info, the posters

receive positive feedback
• Explore a variety of web-based

communities to identify whetherasymmetry and they create value
and support for people with PD. specific features lead to greater• Spiritual support (expression of

gratitude and feelings of connect- value for members
edness)

• Ethics and morality: participants
refusing to provide a diagnosis or
medical advice

• Sharing poems and photos, hu-
mor, and banter. Sense of commu-
nity

Davis and Boell-
storff [47]

• Explore the influence of factors
such as gender, age, and young on-
set or late-onset PD on creativity

• The Second Life platform was used
for offline work purposes

• Users:
discovered new ways of creativity•

• Art works created in Second Life
to express how it feels to have PD

• continued creative parts of previ-
ous jobs which gave sense of • Explore to what extent creativity is

experienced as a community or ancan be used for educational purpos-purpose
es individual phenomenon• created art works in the platform

to express what it feels like to • It can be difficult to find age-appro-
priate in-person support groups forhave PD
younger people with PD. Web-• felt part of a community beyond

PD based platforms are accessible to
people from different areas• learned new web-based skills
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ImplicationsSuccessful elementsReported outcomesStudy

• Explore:
• the impact of writing in online

peer support groups
• the impact of the absence of

visual and auditory cues

• Internet support groups could target
a more specific audience to enhance
similarity between members

• Option for subgroups

• Homogeneous groups based on age
or time since diagnosis

• The internet makes it easier to cre-
ate homogeneous groups, with ac-
cess to a larger group of patients

• Lurking (reading posts but not cre-
ating own posts) can help with
learning more about the group and
finding similarities with other
members

• Quality of life of all groups improved
• Homogeneous groups:

• were more committed to their
group

• had higher levels of commitment
and attraction, and positive feel-
ings in initial 5 meetings

• had significantly greater positive
changes compared with heteroge-
neous groups

Lieberman et al
[46]

• Explore why people drop out of
online support groups

• Explore opportunities of using
voice recognition software

• Homogeneous groups based on age
or time since diagnosis

• Members of web-based groups:
• had lower average age
• were living with diagnosis for

fewer years
• had better scores for depression

and QoLb before and after the in-
tervention

• felt freer to talk about certain
topics compared with in-person
groups

• Only homogeneous groups continued
to stay in touch after intervention

• Most participants heard about the on-
line support groups through the inter-
net, only a small percentage through
their physician.

Lieberman et al
[45]

• Explore what effective strategies
are to prevent people from dropping
out (eg, group structure, group
composition, and preparation)

• Homogeneous groups showed sig-
nificantly greater improvement
compared with heterogeneous
groups

• Participants who dropped out:
• had higher levels of anxiety
• did not score differently on de-

pression, quality of life, and inten-
sity of PD symptoms measure-
ments

Lieberman [44]

• Directly explore the experiences of
users

• N/Ac• On Facebook, the majority was self-
help groups

• On Twitter, the goals of people were
to share information and create
awareness

• There is a need for dedicated network-
ing sites for peer support

Martínez-Pérez et
al [48]

aPD: Parkinson disease.
bQoL: quality of life.
cN/A: not applicable.

Social Support
One of the main characteristics of online and in-person peer
support is social support [14,16]. This finding also came forward
in this review, and studies reported on different elements of
social support. Through content analysis of discussion forums,
studies [31,32,43] observed mutual understanding and empathy
among the members of the forum and an exchange of different
types of support. This was observed through members sharing
personal experiences and both providing and receiving support.
The most frequently observed types of support were emotional
and informational support. Examples of emotional support and
expressions of understanding and empathy from the work of
Bakke [32] are as follows:

Hi, I feel your fear and confusion.

[...] I am responding to you mainly because I wanted
to tell you that you are NOT alone with your
medication problems.

An example of informational support was provided in the work
of Stewart Loane et al [43]. A person asked the following:

Does anyone ever experience freezing that lasts for
hours on end? Please reply urgently.

Another member responded quickly, and the person who asked
the question replied as follows:

[...] I tried several of the methods that you suggested
and I have found one that works for me. I’m telling
you it WORKS. I’m so excited! I have been so worried
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about what would happen if I were alone and I froze,
and now I have a new freedom. Thank you.

Stewart Loane et al [43] observed that new posts on the forum
often started with a request for information and that in their
responses, other members shared information, personal
experiences, and emotional support. Overall, the authors of all
3 papers observed a real sense of community, belonging, and
friendship on each of the platforms, which can be described as
network support [43]. An example that illustrates this type of
support was seen in the work of Attard and Coulson [31]: “I am
glad I found this forum, makes me feel like I am not alone.”

In the study by Lieberman et al [46], the authors researched the
impact of group composition. Participants were divided into
homogeneous (based on age or time since diagnosis) and
heterogeneous groups. Although all groups improved on quality
of life scores, participants in the homogeneous groups showed
significant improvement in depression and PD symptoms
compared with heterogeneous groups. These findings suggest
that similarities between group members can improve the
outcomes of peer support [46].

Benefits of Online Peer Support
Davis and Boellstorff [47] observed how 2 people with PD used
the Second Life web-based platform. Through their ethnographic
study they found that both participants were able to express
themselves creatively on the platform. Through their web-based
artworks and creative expressions, both people with PD were
able to continue with creative parts of their previous jobs, and
they also used art to express what it feels like to have PD. A
sense of community was also observed here. Furthermore, one
of the participants was living in a rural area, where it was
difficult to find in-person support groups. In this case, the
web-based platform provided a way to connect with other people
with PD [47]. The work of Lieberman et al [45] showed that
people with PD who participated in web-based groups felt freer
to talk about certain topics compared with in-person groups. A
participant shared the following [45]:

In an internet group, you are much freer to talk about
things that you probably wouldn’t in a F2F [face to
face]. We got into discussion of sex [meds affecting
sexual desire]. I know I wouldn’t have discussed in
a F2F.

Challenges of Online Peer Support
Of the 4 studies, only 1 (25%) reported on the challenges related
to online peer support communities for people with PD—a
qualitative content analysis of a PD discussion forum [31].
Challenges were related to online peer support and the use of
technology in general. Some were related to the behavior of
group members, such as a lack of replies to posts and group
members leaving without warning. This could be distressing
for other members. An example that illustrates this is, “If you
are out there please respond. I have searched the net for you
dear friend and I would like to talk to you again” [31]. Other
challenges were more related to the nature of discussion forums
and web-based support in general, such as the absence of
nonverbal communication, which at times could lead to
misunderstandings, and the lack of personal information. Finally,

some posts showed that, at times, it was difficult for people
with PD to use a computer or other types of technology because
of their symptoms: “Sometimes my PD prevents my fingers
from being able to type. At other times they work fine, but my
brain is a blob!” [31].

Furthermore, a study investigated the reasons why people would
drop out of online PD support groups. Findings show that people
who dropped out of the online peer support sessions had similar
scores on depression, quality of life, and PD symptoms scales
but had higher levels of anxiety before starting their participation
[44].

Successful Elements of Online Peer Support
Several successful elements of online peer support for people
with PD have been identified in this review. First, writing may
help people reflect on their own situation and share things that
may be difficult to express face to face [31]. Second, having
homogeneous groups based on age or time since diagnosis leads
to increased benefits for members [44-46]. The findings of
Lieberman et al [46] show that people who participated in the
homogeneous groups felt more committed to their group and
had more positive feelings about the group during the first 5
meetings. Furthermore, only members from the homogeneous
groups continued to stay in touch after the intervention ended
[45]. Finally, although most studies included in this review
analyzed moderated platforms, the study by Bakke [32]
specifically looked at a physician-moderated platform. The
author observed that members appreciated the opportunity to
ask questions directly to a professional. A helpful feature in the
forum design was clearly labeling the physician’s comments
[32].

Discussion

Principal Findings
This section presents the summary and interpretation of the
findings, covering narrative synthesis element 3: exploring
relationships within and between studies. To the best of our
knowledge, this is the first review to systematically synthesize
the literature on online peer support for people with PD. This
review shows that online peer support can be a way for people
with PD to stay socially connected, share experiences, and
exchange support for managing daily life with PD. Furthermore,
this review identified the successful elements of online peer
support.

Benefits and Successful Elements of Online Peer
Support

Overview
The main positive elements related to peer support are
reciprocity and social support [14,16]. This finding has also
been identified in this review, indicating that the benefits of
peer support are not limited to in-person settings. Despite not
knowing each other in person and not being physically close,
this review shows that people with PD can find emotional
support, mutual understanding, and empathy through web-based
communities. Moreover, people with PD can build new
friendships and expand their social networks. People can share
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their personal experiences and provide and receive informational
support and advice from others in similar situations. For
example, people can share experiences with medication or how
they manage PD symptoms in daily life. This is based on
experiential knowledge, which is a combination of unique
knowledge and expertise that people have because of their
personal experiences of living with PD [17]. Sharing knowledge
and learning from others’ experience can contribute to
developing coping skills for living with PD. This, in turn, can
support people in living meaningful and satisfying lives despite
having PD [10]. Similar findings have been published on online
peer support groups for other conditions, including people with
chronic illnesses [13] and Huntington disease [49,50]. This
review supports previous research in that the benefits of peer
support are not limited to a physical, in-person setting but can
also be transferred via the internet. Elements that can make
online peer support successful include having homogeneous
groups [44-46] and having the option for participants to directly
ask questions to a physician [32]. However, different people
have different needs and preferences. Some who engage in
online support may still miss in-person human interactions such
as having a cup of tea together or being able to give someone
a hug when they are upset [51].

There are also additional benefits to peer support in a web- or
app-based setting. First, online peer support groups are available
to a wide range of people, including those living in remote areas.
For these people, it might be difficult to find in-person peer
support groups in their local areas. PD symptoms may also
impose additional challenges on people to travel to in-person
peer support groups. Finally, the internet provides a form of
anonymity. The anonymous nature of online peer support groups
can make it easier for people to discuss taboo topics that are
difficult to talk about in an in-person setting [23,45].

Challenges of Online Peer Support
Only a few studies in this review provided information on users’
age or gender [44,46,47], whereas for the other studies, it was
unknown. Information on group composition and personal
information, such as age, gender, or time since diagnosis, is
often unknown. A lack of such information can make it difficult
to determine the extent to which members have things in
common. This also highlights the challenge for people with PD
in finding more specific peer support groups, such as young
onset PD groups or groups for people who are newly diagnosed.
The importance of similarity between group members was
presented in the work of Lieberman et al [46]. These findings
highlight a key element of peer support and something that
defines whether someone is a peer: sharing similarities [14]. A
lack of personal information was mostly the case for papers
analyzing discussion forums, which could be because of the
anonymous nature of such forums. The studies in this review
that analyzed a discussion forum all used a publicly accessible
platform. Reasons for using publicly accessible forums include
ethical issues regarding informed consent and respect for
members’ privacy [31]. It could be that because of the public
nature, either members did not have the option to share more
personal information or members chose not to share that
information [19].

Impact of Research Methods
Qualitative content analysis was conducted in 38% (3/8) of
papers included in this review. Although this method provides
insights into what is happening and being shared on the platform,
it does not provide information about members’ personal
experiences. A number of aspects of this methodology remain
unknown. First, the findings are highly dependent on
researchers’ interpretations. Although researchers can interpret
the intention or underlying meaning of a post, it is often not
possible to directly contact the author of the post and ask if this
was indeed how they intended their message. Similarly, it is
often not possible to directly contact the intended receiver of
the post to confirm if they perceived the message in the way
that the researcher interpreted it. These challenges can be
addressed using qualitative research methods to directly explore
users’ experiences, as was done by Davis and Boellstorff [47]
and Martínez-Pérez et al [48], or by setting up an online peer
support intervention and performing pre-post measurements,
as was done by Lieberman et al [45]. Second, on discussion
forums and social media pages, all group members can often
read all posts (besides private messages). This means that not
only the intended receiver but also other members can read the
posts. Many people can read it, but not everyone will respond
to or participate in the discussion. When using a content analysis
method, it remains unknown how people who only read the
posts but not interact, also called lurkers, interpret the message
and experience it [23]. Steadman and Pretorius [52] explored
the impact of a Facebook group for people with MS on nonactive
members. During individual interviews, people expressed that
they still experienced social support despite not being actively
involved in the discussions [52].

Third, the research into online peer support presented in this
review might show an overly positive image of the online peer
support group, as people who are active on the platform and
post messages are often the ones that enjoy being part of the
community. In many web-based communities, people can come
and go when they want, and those who have negative
experiences can leave the group without giving a reason. This
means that negative experiences and potentially harmful aspects
of online peer support groups remain underresearched. A
potential negative experience identified in this review is the
lack of response to messages [31], which has also been identified
in another systematic review [23]. The authors stated that new
members of an online peer support group are especially at risk
of withdrawing after not receiving a response to their messages.
The reason for this could be that new members may be more
psychologically vulnerable and have certain expectations when
joining the online peer support group [23]. When selecting a
specific platform for research on online peer support, there is a
risk of presenting an overly positive view of the platform and
the experiences of its users. An alternative could be to explore
the experiences with and opinions on online peer support in the
wider PD community, for example, through a survey.

Limitations
This section covers narrative synthesis element 4: assessing the
robustness of the synthesis. This systematic review only included
studies on written communication between people with PD on
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publicly available platforms. The database search did not
identify any papers that included other platforms that can
potentially be used for online peer support, such as
videoconferencing platforms or social media platforms such as
WhatsApp or Instagram. Therefore, the findings of this review
are limited to the platforms covered in this review (discussion
forums and Facebook groups) and cannot be generalized beyond
these. Moreover, of the 8 studies, only 1 (13%) study has
included findings on the potential challenges of online peer
support [31]. As a result, this review may overrepresent the
positive and beneficial aspects of online peer support and may
not provide an accurate picture of the real-world experiences
of people with PD who are part of such communities. In
addition, within the studies, it was sometimes difficult to identify
the contributions of technological, social, and individual
elements to how people experienced online peer support. Finally,
people have different preferences and needs, and online peer
support may not be suitable for everyone living with PD. In
addition, the physical symptoms of PD may be a barrier for
people to use technology and to access online peer support
communities. The views and experiences of people who are
unable or do not want to engage in online peer support groups
have not been presented in this review.

Recommendations for Future Research
For this review, no papers were identified that covered
videoconferencing platforms that can be used for peer support;
for example, Zoom, Skype, or Microsoft Teams. As these
platforms have become more widely used since the COVID-19
pandemic, future research could explore how widely they are
used among people with PD, and if and how they are used for
peer support. Furthermore, research could focus on how people
experience this form of online peer support and how it impacts
their lives, as it is different in nature than what has been
discussed in this review. More specifically, videoconferencing
platforms include synchronous and verbal communication, often
where one sees the other members. This reduces anonymity and
adds a face-to-face element, in which nonverbal communication
can be more prevalent.

Future research could also focus on using different
methodologies for analyzing online peer support for people with

PD. Direct assessment of users’ personal experiences was also
recommended by some of the studies included in this review
[31,43,48]. Examples of these methods include individual
interviews, focus groups, or surveys. It is necessary to learn
how people with PD truly experience being part of an online
peer support community and what the impact is on their daily
lives. Furthermore, future research is needed to explore potential
negative experiences people may have with online peer support,
as these are currently underresearched. Qualitative methods,
such as individual interviews and open-question surveys, can
be used for this purpose. In addition, there is a group of people
who are unable to access online peer support or use technology,
for example, because of their PD symptoms. It is important to
explore in more detail the barriers that people face and how
they could overcome them. Some of the studies included in this
review recommended investigating the use of voice assistive
tools for people with PD [31,45]. Research into the use of such
assistive tools for online peer support has already been
conducted for people with ALS; for example, in the work of
Caron and Light [53].

Conclusions
Peer support can be an extremely valuable source of social
support for people with PD. More specifically, peer support can
improve social health and support people with PD in living
meaningful and satisfying lives, despite their condition. Sharing
experiences with peers can improve feelings of empowerment
and social connectedness and help people with PD develop new
coping skills. Peer support is unique and cannot be replaced by
family members, friends, or health care professionals who do
not live with PD. The benefits of peer support are not limited
to physical, in-person support groups but can be transferred via
the internet. Online peer support is accessible to a wide range
of people and is not limited by geographical barriers. This could
make online peer support particularly suitable for those who do
not have an in-person peer support group in their local area, or
whose PD symptoms hinder them from traveling. However,
research on the personal experiences of those who engage in
online peer support and potential barriers to accessing online
peer support remains limited. Future research could use
qualitative methods, such as individual interviews, focus groups,
and open-question surveys to explore these fields further.
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Abstract

As the global burden of dementia continues to plague our healthcare systems, efficient, objective, and sensitive tools to detect
neurodegenerative disease and capture meaningful changes in everyday cognition are increasingly needed. Emerging digital tools
present a promising option to address many drawbacks of current approaches, with contexts of use that include early detection,
risk stratification, prognosis, and outcome measurement. However, conceptual models to guide hypotheses and interpretation of
results from digital tools are lacking and are needed to sort and organize the large amount of continuous data from a variety of
sensors. In this viewpoint, we propose a neuropsychological framework for use alongside a key emerging approach—digital
phenotyping. The Variability in Everyday Behavior (VIBE) model is rooted in established trends from the neuropsychology,
neurology, rehabilitation psychology, cognitive neuroscience, and computer science literature and links patterns of intraindividual
variability, cognitive abilities, and everyday functioning across clinical stages from healthy to dementia. Based on the VIBE
model, we present testable hypotheses to guide the design and interpretation of digital phenotyping studies that capture everyday
cognition in vivo. We conclude with methodological considerations and future directions regarding the application of the digital
phenotyping approach to improve the efficiency, accessibility, accuracy, and ecological validity of cognitive assessment in older
adults.

(JMIR Aging 2022;5(3):e38130)   doi:10.2196/38130

KEYWORDS

digital phenotyping; neuropsychology; aging; dementia; smartphone; neurological; psychological; older adults; aging

Introduction

The global burden of dementia, a clinical syndrome associated
with cognitive deficits that impair everyday functioning, poses
a tremendous and growing challenge to our healthcare system.
As the worldwide population of older adults continues to
increase and becomes more medically complex and diverse, the
number of people that will develop Alzheimer’s disease and
related dementias (ADRD) without current pharmacologic
treatments to improve cognition and function [1] is expected to
triple from 55 million in 2021 to over 139 million by 2050 [2].
Estimates of disability-adjusted life years (ie, sum of years lost
due to premature mortality and years lived with disability)
indicate that ADRD is extremely burdensome to individuals
diagnosed, their families, and their caregivers, ranking among

the top 10 most burdensome diseases in the United States [3].
Early diagnosis and intervention before neuronal degeneration
and functional disability begin presents one promising route to
meaningfully delay disease burden and promote aging in place
[4-6]. From a health economics perspective, it is estimated that
early detection of the prodromal, mild cognitive impairment
(MCI) stage [7] could save $7.9 trillion in the United States
alone [8]. Novel digital methods have great potential for
efficient, accessible, reliable, and accurate assessment of early
cognitive changes reflecting ADRD. However, to be most
effective, digital tools should be informed by conceptual models
that explain and predict early cognitive changes.

In this viewpoint, we focus on the application of digital
phenotyping to assess age-related changes in functional
cognition, with contexts of use that include early detection, risk
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stratification, prognosis, and outcome measurement. We begin
by outlining current approaches to detecting pathological
cognitive change along with their notable drawbacks. The digital
phenotyping approach is introduced as a promising
complementary method. We then present a neuropsychological
framework of everyday cognitive and functional changes, termed
the Variability in Everyday Behavior (VIBE) model, which can
be used to inform studies and generate testable hypotheses in
the context of digital phenotyping. Supporting literature that
was integrated to develop the VIBE model is also summarized.
We conclude with methodological considerations and future
directions regarding the digital phenotyping approach.

Current Approaches to Early Detection
of Pathological Change

Neurodegenerative pathology may be directly measured in the
brain tissue and detected in cerebrospinal fluid (CSF) and blood
[9]; biological measures are classified using biomarker-based
diagnostic frameworks for ADRD [10,11]. Importantly, existing
methods of biomarker testing are expensive, not widely
available, and may be invasive depending on the methodology
(eg, lumbar puncture). More concerning, however, is that
biological indicators of neurodegenerative disease yield limited
information on clinical outcomes such as progression, cognitive
abilities, and everyday functioning [12,13]. For example,
approximately 30% of individuals with substantial amyloid
burden—a core Alzheimer’s disease (AD) biomarker—fail to
show clinical symptoms of dementia, whereas up to 25% of
individuals who meet clinical criteria for AD have no or limited
amyloid burden [14]. The prioritization of biological outcomes
is also concerning given that clinical outcomes such as cognitive
and functional abilities are most predictive of quality of life,
cost of care, and independence, which are precisely the outcomes
that individuals diagnosed, their caregivers, healthcare
professionals, and policy makers most value [15].

Neuropsychological assessment is less expensive and invasive
compared to biomarker testing and is currently used for clinical
staging, differential diagnosis, tracking change in cognitive
functioning over time, and informing personalized
recommendations. The neuropsychological measures that are

used for clinical assessments have undergone extensive
psychometric validation and are informed by cognitive
neuroscience theories. At present, neuropsychological test results
are a key component of clinical diagnostic criteria for dementia
and MCI [10,16,17] and serve as a primary end point in most
clinical trials [18]. In recent years, several neuropsychological
tests and composite measures have shown promise in identifying
very early, subtle changes that occur in presymptomatic disease
stages [19-21].

Nevertheless, current assessment methods present
methodological drawbacks, including lengthy and
resource-intensive in-person testing sessions that are often
inaccessible to individuals from underserved or rural
communities, highly controlled testing environments that foster
limited ecological validity and test anxiety, burdensome and
error-prone scoring procedures, and limited data sharing
infrastructures. Traditional assessments take place on a single
occasion representing a one-time snapshot that may not reflect
an individual’s typical range of performance or intervening
contextual factors [22,23]. Even when repeat testing is
performed, practice effects between sessions may obscure subtle
but meaningful cognitive decline [24].

New mobile and computerized platforms with enhanced
efficiency and sensitivity, such as repeat ambulatory cognitive
assessments, address some of these methodological drawbacks
[25] and have been examined in various studies among
populations comprising healthy and community-based older
adults [22,26], those with preclinical AD [27], and those with
MCI or early dementia [28]. However, many of these methods
continue to be (A) modeled after traditional tests that measure
isolated cognitive domains with limited ecological validity; (B)
susceptible to practice effects [29]; (C) influenced by
socioeconomic status and cultural factors [30-32]; and (D) prone
to challenges with adherence even among highly motivated and
engaged individuals, particularly with longer study durations
[27,33,34]. Thus, while tremendous advances have been made
in the realm of digital cognitive assessment, existing methods
continue to show limited generalizability to diverse populations
and real-world settings, even when used at home outside of the
clinic. The strengths and weaknesses of the current approaches
are summarized in Table 1.
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Table 1. Strengths and weaknesses of current approaches to detect pathological change.

WeaknessesStrengthsApproaches

Biomarker testing •• High costObjective measurement of disease presence in the
body • Limited accessibility

• Good sensitivity/early detection of target pathology • Potentially invasive (CSFa and blood biomarkers)
• Ability to localize pathology • Limited correspondence with functional outcomes
• Ability to identify specific pathology • Limited prognostic value

• Interpretation can be subjective

Traditional neuropsychological
assessment

•• Limited accessibilityExtensively validated and informed by cognitive
neuroscience theories • Lengthy and error-prone administration and scoring

procedures• Noninvasive
• Highly controlled environment and tasks/limited

ecological validity
• Measure discrete cognitive abilities
• Inform personalized recommendations

• Limited sensitivity to early decline• Moderate correspondence with functional outcomes
• Single time point without context
• Practice effects at repeat administration
• Influenced by socioeconomic and cultural factors

Mobile cognitive assessment •• Challenges in adherenceBrief administration
• •Improved accessibility Practice effects at repeat administration

•• Impact of hardware and software differences when
personal devices are used

Potential for increased sensitivity
• Noninvasive

• Continued impact of socioeconomic/cultural factors• Ability to assess cognition in everyday context and
across multiple time points • Uncontrolled testing environment may lead to in-

creased measurement error/noise• Possible reduction in test anxiety

aCSF: cerebrospinal fluid.

Digital Phenotyping

Emerging digital tools lend a unique opportunity to address
many of the drawbacks of traditional, computerized, and mobile
cognitive testing. One such method is digital phenotyping, an
innovative approach that utilizes the “moment-by-moment
quantification of the individual-level human phenotype in situ”
based on interactions with technology, including smartphones
and smart home devices, to capture social and behavioral data
passively, continuously, and with minimal interference [35-37].
Because most everyday tasks require the coordinated effort of
multiple cognitive processes and are highly context dependent,
digital phenotyping data collected in this passive manner may
provide a more naturalistic, comprehensive, and nuanced
understanding of behavior and cognition as compared to
traditional active assessment methods that take place in the
clinic, the lab, or during a discrete period of time. Contrary to
standardized neuropsychological tasks that are highly related
to educational quality [38] and other sociocultural factors [39],
digital proxies of everyday behavior captured in someone’s
natural environment may yield a less biased measure of
cognition and function, particularly when methods rely on
longitudinal monitoring of individual change. Furthermore, high
frequency continuous data have the potential to improve
sensitivity and reliability and reduce the sample size
requirements needed to detect subtle differences between groups
or among individuals over time [40].

Smartphones, which are ubiquitous, are equipped with a host
of embedded sensors that are common across different devices
and may be leveraged to passively assess everyday activities
and behaviors. Preliminary studies have investigated
smartphone-based digital biomarkers (via sensor and application

use data) to measure specific behaviors and offer support and
validation for call and text message logs [41] as well as call
reciprocity [42] as measures of social patterns; WiFi/Bluetooth
signals as a proxy for social engagement (time spent proximal
to other people) [37]; GPS movement trajectories and keystroke
data as measures of mood [43-45]; and accelerometer data to
infer sleep patterns [46]. The validity of smartphone digital
phenotyping has been demonstrated in mental health and
neurological populations, with results supporting the predictive
utility of a range of smartphone data for daily stress levels [47],
changes in depression and loneliness [43,46,47], psychosis onset
and relapse [48-50], suicide risk [47], speech changes [51], and
biological rhythms [52].

Other studies have attempted to identify digital markers that
reflect underlying cognitive abilities. A 2018 study of 27 healthy
young adults [53] followed by a 2019 study of 84 healthy older
adults [54] demonstrated significant associations between
smartphone metrics (eg, number of apps used, usage by hour
of day, swipes, and keystroke events) and performance on
standard cognitive tests. Of note, these studies were exploratory
in nature and lacked a priori hypotheses to guide analyses. A
separate pilot study of adults with and without bipolar disorder
examined performance on a digital trail making test and found
associations between smartphone typing speed and typing speed
variability and test performance, suggesting a possible link
between executive functioning and keystroke measures [29]. In
the context of MCI and dementia, a feasibility study employing
multiple sensor streams and machine learning models identified
5 digital features that discriminated symptomatic (MCI, mild
AD) from asymptomatic groups; these features included typing
speed, regularity in behavior (via first and last phone use),
number of received text messages, reliance on helper apps, and
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survey compliance [55]. As noted by the authors of the
aforementioned pilot and feasibility studies, a major limitation
was the small sample sizes, which limited interpretability.

Indeed, although preliminary studies have laid the groundwork
for exploring relationships between passive digital variables
and standard measures of cognition, the lack of integrative
theoretical models to inform interpretation of large continuous
datasets represents a major gap [23]. As digital tools and
machine learning approaches become increasingly sophisticated,
it is critical that theoretically sound models are developed to
avoid scattershot analyses and spurious findings and to facilitate
interpretability [56]. Furthermore, as technologies inevitably
continue to evolve, the development of testable models that are
agnostic to hardware and software differences is key to the
continued validation of passive approaches [56-58]. Therefore,
we propose a neuropsychological framework to guide studies
using emerging digital tools to assess age-related cognitive and
functional decline. The VIBE model integrates established
findings regarding intraindividual variability, cognitive abilities,
and everyday functioning in the context of aging and ADRD.
Importantly, the VIBE model generates specific, testable
hypotheses grounded in theory that may inform the design and
interpretation of future digital phenotyping studies and
represents a preliminary step toward establishing conceptual
guidelines for the field.

Approach to Framework Development

The VIBE model resulted from an in-depth review of the
neuropsychology, neurology, neuroscience, rehabilitation

psychology, and computer science literature. Consistent findings
in both performance level and intraindividual variability were
identified across the spectrum of cognitive impairment and
interpreted in the context of known patterns of cognitive change
and their underlying mechanisms. The literature review was
used to conceptualize changes in everyday behavior across the
spectrum from healthy aging to ADRD and how these changes
would be captured by digital phenotyping approaches. For
example, the increased variability in standardized cognitive
testing and everyday task performance in people with MCI is
expected to result in meaningful variability in passive
smartphone sensor data in digital phenotyping studies. Without
a framework to guide analyses, aggregate data might be
prioritized over meaningful variability, which could be
misinterpreted as a nuisance (ie, “noise”). Therefore, the VIBE
model integrates and extends existing findings to provide
structure, guidance, and optimize digital phenotyping study
designs.

Our Proposed Framework

Early stages of pathological aging (ie, MCI) are associated with
mild isolated decrements on standardized cognitive tests, subtle
difficulties with complex activities of daily living, and increased
variability in both cognitive and functional measures. Later
stages (ie, dementia) are characterized by greater cognitive and
functional impairment, reduced activity and task
accomplishment, and less variability in cognitive and functional
performance. Table 2 provides a summary of these trends.
Multimedia Appendix 1 contains a comprehensive review of
the supporting literature [59-107].

Table 2. Summary of background literature supporting the Variability in Everyday Behavior (VIBE) framework.

Later decline (dementia)Early decline (MCIa)Healthy aging

Cognitive ability ••• Impaired performance on multiple
domains according to normative
scores

Impaired performance on 1+ do-
main according to normative scores

Subtle declines within normative
limits

Cognitive variability ••• Less variability than MCI for com-
plex tasks at floor

Increased variability versus healthy
older adults

Increased variability versus younger
adults

•• Increased variability than MCI for
simple tasks

Increased variability predicts fur-
ther decline and poorer cognition

Everyday functioning ••• Impaired for basic and complex
tasks

Difficulty with complex tasksSubtle changes/inefficient behaviors
(microerrors) • Independent with some compensato-

ry strategy use •• DependentFully independent
• •Inefficient (commission errors) and

more variable than healthy older
adults

Outright failure to complete tasks
(omission errors)

aMCI: mild cognitive impairment.

Theoretical models from computational science offer a useful
framework for understanding changes in ability level and
variability in the progression of pathological aging. The term
“graceful degradation” is used to characterize the way in which
complex systems maintain functionality in the face of mild
damage or problematic changes in the environment [108]. From
a neuropsychological perspective, increased inefficiency and
variability in the early stage of decline may stem from faulty
executive control mechanisms governed by the prefrontal cortex

and associated white matter projections, which, according to a
framework proposed by Giovannetti and colleagues [109], are
essential to modulate goal activations, enable smooth transitions
between goals, and inhibit inappropriate activations from
internal or external distractors during everyday tasks. Reductions
in extrastriatal dopaminergic neuromodulation required for
consistent cognitive control in early stages of dementia support
this framework [110-112]. Indeed, long-standing explanations
for the link between inconsistency and neurologic disease
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include impaired neural networks, functional connectivity, and
executive functioning [113-115]. An alternative framework
from which to interpret early patterns of inefficiency and
variability, particularly in the absence of executive function
deficits, is the resource theory [116], which originates from the
cognitive rehabilitation literature. This theory posits that early
damage to any nonspecific brain region depletes overall
cognitive resources and leads to errors in task performance and
that the level—not the type—of cognitive impairment is critical
in determining functioning [109]. As a result of mild resource
depletion, compensatory strategies are engaged to allow the
system to function, but at a cost (ie, inefficiently, slowly, and
inconsistently). In moderate-to-severe stages, greater decrements
are observed across multiple cognitive domains, basic activities
of daily living are impaired, and patterns of variability are less
clear because people are generally less active.

Considering this, we propose the Variability in Everyday
Behavior (VIBE) model as a dual-pronged neuropsychological
framework that integrates trends in variability (see Figure 1,
blue dotted line showing a U-shaped pattern peaking at MCI)
and declining ability level (see Figure 1, solid purple line
showing a negative linear trend) that are observed across the
cognitive aging spectrum. The VIBE model proposes a
theoretical foundation from which to evaluate metrics of

everyday behavior and cognition captured by the digital
phenotyping approach, both in studies examining cross-sectional
differences in individuals with different levels of cognitive
impairment, and over time in individuals with progressive
neurodegenerative disease in longitudinal designs. For example,
decreasing cognitive abilities may be indexed by decreases in
social activity [117,118], technology usage [119,120], positive
mood (ie, increased depressive symptoms [121]), and range of
movement/physical activity [122], which can all be inferred
from passive sensor metrics. These activity metrics tend to
remain stable in earlier stages and begin to decline more notably
in the transition from MCI to dementia. A simultaneous
examination of intraindividual variability within these metrics
across a longitudinal study period may reflect increased
day-to-day variability as early as the healthy to MCI transition
stage, as individuals engage reserve mechanisms and
compensatory strategies to combat mild difficulties and
inefficiencies (eg, commission errors). On metrics/activities
where dementia-level performance is at floor (eg, movement
trajectories outside the home, text messaging, other complex
activities where compensatory mechanisms have failed and task
goals are no longer achieved; ie, omission errors), we expect
variability to decrease below that which we observe in MCI
(Figure 1, blue dotted line).

Figure 1. The Variability in Everyday Behavior (VIBE) model of intraindividual variability, cognitive abilities, and everyday functioning for pathological
cognitive decline in older adults.

The existing literature is less clear on patterns of variability in
the transition from MCI to dementia [123], and we acknowledge
the possibility that for relatively simple activities that individuals
with mild dementia still perform (eg, movement trajectories
within the home, incoming phone calls, sleep/wake cycle),
variability may continue to increase in the mild dementia stage
followed by eventual decline as abilities further decline. Thus,
model predictions should be tested and interpreted with attention
to task demands, as well as other contextual features, including

the time of day [29], mood, and technology use habits. In other
words, the progression from increased variability to decreased
variability and complete failure to act depicted in Figure 1 is
expected with increasing severity of impairment, though
impairment level is determined by more than just clinical status.
There may be some period—likely at the transition between
MCI and dementia—where contextual factors (eg, task
complexity, time of day, external distractors) interact with
clinical status to influence level of impairment on metrics of
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everyday behavior. For example, a person with mild dementia
may show marked impairment and decreased variability in
financial tasks but may show only mild impairment and
increased variability in meal preparation until later in the course
of their illness when both tasks are impaired, and variability is
diminished. Thus, task effects should be carefully considered,
particularly at the boundary of MCI and dementia.

Application of the VIBE Framework
Through Digital Phenotyping Studies

Digital phenotyping using personal smartphone devices
represents a promising method to examine age-related changes
in functional cognition according to our proposed framework.
Study designs may take a variety of forms, but initial studies
should include collection of clinically relevant validation
measures and longitudinal monitoring. One potential protocol

would involve comprehensive baseline assessment to gather
gold-standard validation data on function, cognition, mood, and
other participant features such as demographics, attitudes toward
and experience with technology, and technology use habits that
are likely to influence resulting digital data. A period of passive
longitudinal monitoring using available, open-source digital
phenotyping applications (eg, Beiwe [37], mindLAMP [124])
would involve collection of a host of sensor and application
data, including the examples listed in Textbox 1.

The VIBE framework enables systematic selection and analysis
of the mobility, sociability, and device activity features from
Textbox 1 to obtain activity and variability metrics that could
be tested according to a priori hypotheses. A list of
nonexhaustive, sample hypotheses derived from the VIBE model
that are appropriate for cross-sectional studies of older adults
across the cognitive aging spectrum is included in Table 3.
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Textbox 1. Example digital phenotyping metrics across 3 feature domains.

Mobility

• Time spent at home

• Distance traveled

• Radius of gyration

• Maximum diameter

• Maximum distance from home

• Number of significant locations

• Average flight length

• Standard deviation of flight length

• Average flight duration

• Standard deviation of flight duration

• Fraction of the day spent stationary

• Significant location entropy

• Minutes of GPS data missing

• Physical circadian rhythm

• Average sleep duration

• Standard deviation of sleep duration

Sociability

• Number of outgoing texts

• Total outgoing text length

• Number of incoming texts

• Total incoming text length

• Texting reciprocity

• Texting responsiveness

• Number of outgoing calls

• Total outgoing call duration

• Number of incoming calls

• Total incoming call durations

• Call reciprocity

• Call responsiveness

Device activity

• Average battery level

• Total phone off/on events

• Total charge initiations

• Total screen on/off events

• Total application launches

• Application switches

• Central processing unit (CPU) utilization

• Time to view daily survey

• Time to complete daily survey

• Time of first/last screen on event
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Table 3. Sample hypotheses informed by the Variability in Everyday Behavior (VIBE) model.

Across-day variability metricsTotal activity level metricsDigital phenotyping feature domain

Variability in distance traveled from home will be
highest in MCI versus healthy/dementia.

Average distance traveled from home will decline from

healthy to MCIa to dementia.

Mobility

Variability in daily average outgoing text length will
be highest in MCI versus healthy/dementia.

Average number of outgoing calls will decline from
healthy to MCI to dementia.

Sociability

Variability in daily number of screen on/off events
will be greater in MCI versus healthy/dementia.

Average number of application launches will decline
from healthy to MCI to dementia.

Device activity

Time of first phone use will be most variable in MCI
versus healthy/dementia.

Average time of first phone use will decline from
healthy (earlier) to MCI to dementia (later).

Time of day effects

aMCI: mild cognitive impairment.

Methodological Considerations of the
Digital Phenotyping Approach

There are a host of important methodological factors that must
be thoughtfully considered when conducting such studies, many
of which remain unresolved. Cross-device compatibility is a
concern that becomes relevant when participants use their own
personal devices for data collection. Individual devices may
differ in operating system, screen size, sensor sampling rates,
and more. These device differences impact user interactions
and the quality of data that is collected; they are also related to
socioeconomic status and other important participant features
and thus cannot be simply covaried in analyses. A single
study-issued device may be provided to all participants to
standardize data collection and ensure that individuals from
underserved groups have an equal opportunity to participate in
such studies. However, introducing new technology creates a
deviation from participants’ routines, diminishing ecological
validity and posing more demands on everyday functioning.
Therefore, the personal versus study-provided device decision
must be weighed according to the study population and specific
aims [27,33]. Although there is a critical concern that studies
employing personal digital devices will serve to widen existing
health disparities, rates of smartphone ownership—particularly
among diverse individuals—have skyrocketed in recent years
to include a total of 85% of Americans as of 2021, up from just
35% in 2011 [125]. This rate is consistent across individuals
who identify as White (85%), Black (83%), and Hispanic (85%)
and is only slightly lower (76%) for individuals with a household
annual income less than US $30,000. Therefore, although careful
attention must be paid to ensure smartphone studies are
equitable, accessible, and generalizable to all, the increased
affordability of smartphones may alleviate this concern.
Relatedly, recruitment efforts should ensure diverse
representation within digital phenotyping studies to investigate
the generalizability of these methods. Updates to hardware,
software, and allowable permissions (ie, which sensors an app
can collect) are occurring at increasingly frequent rates as
technology evolves, presenting an additional challenge to the
continued validation and generalizability of such approaches.
Thus, a device- and operating system–agnostic theoretical
model, such as the VIBE model, from which to continually
evaluate new data is critically important.

The naturalistic and passive collection of data in a completely
unstandardized fashion presents an additional challenge in
making between-group comparisons [56], and it remains
undetermined whether between-group differences in metrics of
interest will emerge despite individual differences in everyday
phone use. The most powerful insights from the digital
phenotyping approach may be realized by monitoring
intraindividual change over longer periods of time, which would
require theoretically informed statistical models to make
generalizable claims in n-of-1 trials [56]. Another open question
relates to the various sampling rates that can be selected to
collect raw data from phone sensors and applications, which
should be considered in the context of the scientific question
and device battery limitations. Although most software platforms
include default settings for sensor sampling (eg, GPS sampled
at 1 Hz when the phone is in motion, WiFi signals recorded
every 5 minutes), they also allow for customization of sampling
rates [37]. A variety of GPS sampling rates have been applied
across several studies of primarily young adult participants
[48,49], and statistical approaches for imputing missing mobility
data have been developed [126]. However, limited studies have
examined the incremental utility of increased sampling rates
across sensors other than mobility for making predictions of
interest. Older adult phone users may require less frequent
sampling due to less activity, though this may result in a
restricted range of variability and impact findings. Determining
the minimum necessary sampling frequency for smartphone
data is directly tied to feasibility and is critical to inform the
design of future studies, as greater frequencies come with greater
costs (ie, increasingly expensive sensors, decreased battery life,
increased storage needs). This also applies to the optimal length
of the data collection period and the study sample size, which
may differ depending on the population of interest and the study
design [120], and are not appropriately determined using
traditional power calculation methods. Barnett and colleagues
[127] recommend the use of generalized linear mixed models
and change point detection methods to inform the sample size
and study duration necessary to achieve adequate power in such
studies.

Digital phenotyping studies may employ a combination of
passive and active data streams. In active data collection, users
are prompted to complete a standardized test or survey on their
smartphones, which can be used to yield key contextual
information to inform the interpretation of passive sensor data
[23,37,128-130]. However, this type of engagement detracts
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from the unobtrusive, naturalistic nature of pure passive
monitoring, and it is unclear which types of active data are most
useful when attempting to infer cognition from passive digital
data. These methodological questions around sampling
frequency and active data collection have not yet been explored
in a population of older adult phone users, whose usage patterns
may differ and may require increased sampling frequencies or
increased active data than younger adults to accurately infer
clinically relevant information.

It is also important to establish the context of use of the digital
phenotyping approach and determine whether it is best applied
as a risk, diagnostic, monitoring, prognostic, or outcome
measurement tool. Regulatory agencies like the US Food and
Drug Administration and pharmaceutical companies have
increasingly recognized the potential of digital devices as a
source of “real-world data” and “real-world evidence,” with the
capability to monitor health status and clinical response over
time and yield new insights about long-term health outcomes
in the real world, outside of traditional randomized controlled
trials [131]. However, as thoughtfully outlined by O’Bryant and
colleagues [9], there are many challenges associated with
translating new biomarker discoveries from research domains
to routine clinical settings. For this to occur, standardization of
the underlying platforms and data frameworks is critical to help
make these data more uniform, interoperable, reproducible, and
actionable [124]. Questions of scalability, manufacturability,
intellectual property law, and regulatory considerations,
including inconsistent governance of entities conducting digital
health research [132], should not be disregarded [9]. In
particular, the point at which mobile digital phenotyping
applications are considered “software as a medical device” is
ambiguous in the face of rapidly evolving regulatory guidance
[133]. Finally, and most importantly, privacy and security
concerns must be addressed, and protections of confidentiality
must be clearly and continuously communicated to users and
participants. Deidentification using study identification numbers,
industry-standard encryption methods, storage of encrypted
data on secure severs, and ongoing transparency and control
over personal data are examples of privacy considerations that
should be carefully addressed at the study design phase. Given
the extent of personal and sensitive health information involved,
prospective risk assessment using tools like the Digital Health
Checklist for Researchers should be completed beforehand to
evaluate risks and benefits and ensure safe and responsible use
of digital tools [132,134]. Importantly, the development and
enforcement of privacy standards that are applied consistently
across studies will be key to the success of this burgeoning field
[35].

Benefits of the Digital Phenotyping
Approach

Despite the numerous unresolved challenges and considerations
outlined above, the potential for the digital phenotyping
approach to yield ecologically valid and sensitive information
on changes in everyday cognition is increasingly apparent. The

benefits of emerging digital approaches are outlined in detail
in the recent American Psychological Association Handbook
of Neuropsychology [57]. To reiterate a few, sample size
requirements are reduced when using continuous largescale
data, and subtle fluctuations can be captured when data are
sampled at such high rates, lending a highly sensitive scale that
is captured in vivo. The use of personal smartphone devices
represents a complex activity of daily living, thus creating an
ideal platform to capture changes that occur early in the disease
phase. Early detection of decline provides an opportunity for
early intervention, which can lead to notable cost savings and
reduced disability-adjusted life years, as noted earlier. Increased
smartphone ownership lends increased accessibility compared
to traditional methods. Passive data are objective and do not
rely on current or retrospective self-report. However, it is
possible that the most optimal application of this approach
involves a blend of passive phenotyping, ecological momentary
assessment for context, and burst cognitive testing to uncover
the mechanisms of how changes in cognition within and across
days relate to changes in behavior. Additionally, within-person
n-of-1 designs may be increasingly sensitive and may address
the interpretive challenges of between-groups designs. Finally,
emerging digital methods should be considered complementary
to traditional neuropsychological evaluations that remain the
gold standard tool for diagnosis and intervention. If shown to
be valid, emerging digital tools may represent a sensitive and
accessible first line measure for early detection, risk
stratification, and change in response to interventions.

Conclusions

Traditional approaches to measuring age-related changes in
cognition and function provide valuable and distinct insights.
Notable strengths of biomarker, traditional, and mobile cognitive
assessments include extensive validation, measurement of
discrete cognitive abilities, and localization of pathology (Table
1). At the same time, these approaches present many drawbacks
that have become increasingly apparent in the face of
technological advances that offer innovative solutions. The
digital phenotyping approach is just 1 example of a novel tool
that can serve as an increasingly accessible, efficient, sensitive,
and personalized complement. Importantly, digital phenotyping
remains in its infancy, and many methodological considerations
warrant careful attention. Multiple sources of within-person
differences (eg, hardware, software, technology habits, daily
routines), as well as interpretive challenges of large-scale
continuous datasets, make comparisons across individuals and
across studies near impossible without a sound theoretical model
from which to design and interpret such studies. The VIBE
model, supported by decades of cross-discipline literature in
neuropsychology, neurology, neuroscience, rehabilitation
psychology, and computer science, proposes testable hypotheses
(see Figure 1 and Table 3) that can be used in future digital
phenotyping studies to provide novel, valuable, and clinically
interpretable insights into meaningful changes in everyday
behavior and cognition.
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In “Web-Based Delivery of the Caregiving Essentials Course
for Informal Caregivers of Older Adults in Ontario: Mixed
Methods Evaluation Study” (JMIR Aging 2021;4(2):e25671),
the authors made a change in the corresponding author's contact
information.

In the corrected version, the corresponding author’s phone
number has been updated to “1 905 525 9140.”

The correction will appear in the online version of the paper on
the JMIR Publications website on August 31, 2022, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.
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In “The Effect of Cognitive Function Health Care Using
Artificial Intelligence Robots for Older Adults: Systematic
Review and Meta-analysis” (JMIR Aging 2022;5(2):e38896),
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section:

This research was supported by the Basic Science
Research Program through the National Research

Foundation of Korea (NRF) funded by the Ministry
of Education (NRF-2021R1C1C2005464).
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Abstract

Background: Frail older adults and caregivers need support from their home care teams in making difficult housing decisions,
such as whether to remain at home, with or without assistance, or move into residential care. However, home care teams are often
understaffed and busy, and shared decision-making training is costly. Nevertheless, overall awareness of shared decision-making
is increasing. We hypothesized that distributing a decision aid could be sufficient for providing decision support without the
addition of shared decision-making training for home care teams.

Objective: We evaluated the effectiveness of adding web-based training and workshops for care teams in interprofessional
shared decision-making to passive dissemination of a decision guide on the proportion of frail older adults or caregivers of
cognitively-impaired frail older adults reporting active roles in housing decision-making.

Methods: We conducted a stepped-wedge cluster randomized trial with home care teams in 9 health centers in Quebec, Canada.
Participants were frail older adults or caregivers of cognitively impaired frail older adults facing housing decisions and receiving
care from the home care team at one of the participating health centers. The intervention consisted of a 1.5-hour web-based tutorial
for the home care teams plus a 3.5-hour interactive workshop in interprofessional shared decision-making using a decision guide
that was designed to support frail older adults and caregivers in making housing decisions. The control was passive dissemination
of the decision guide. The primary outcome was an active role in decision-making among frail older adults and caregivers,
measured using the Control Preferences Scale. Secondary outcomes included decisional conflict and perceptions of how much
care teams involved frail older adults and caregivers in decision-making. We performed an intention-to-treat analysis.
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Results: A total of 311 frail older adults were included in the analysis, including 208 (66.9%) women, with a mean age of 81.2
(SD 7.5) years. Among 339 caregivers of cognitively-impaired frail older adults, 239 (70.5%) were female and their mean age
was 66.4 (SD 11.7) years. The intervention increased the proportion of frail older adults reporting an active role in decision-making
by 3.3% (95% CI –5.8% to 12.4%, P=.47) and the proportion of caregivers of cognitively-impaired frail older adults by 6.1%
(95% CI -11.2% to 23.4%, P=.49). There was no significant impact on the secondary outcomes. However, the mean score for
the frail older adults’ perception of how much health professionals involved them in decision-making increased by 5.4 (95% CI
−0.6 to 11.4, P=.07) and the proportion of caregivers who reported decisional conflict decreased by 7.5% (95% CI −16.5% to
1.6%, P=.10).

Conclusions: Although it slightly reduced decisional conflict for caregivers, shared decision-making training did not equip
home care teams significantly better than provision of a decision aid for involving frail older adults and their caregivers in
decision-making.

Trial Registration: ClinicalTrials.gov NCT02592525; https://clinicaltrials.gov/show/NCT02592525

(JMIR Aging 2022;5(3):e39386)   doi:10.2196/39386

KEYWORDS

shared decision-making; home care; nursing homes; patient engagement

Introduction

Aging is associated with a higher risk of developing disabilities
that can lead to loss of autonomy [1,2]. When frail older adults
start to lose autonomy, one of the most difficult decisions they
face is whether to remain at home, with or without assistance,
or move into residential care [3]. When these older adults have
cognitive impairment, caregivers may have to make the decision
instead, often with little support [4]. Making this difficult
decision [5] can lead to stress, decisional conflict, and regret
[6].

Shared decision-making (SDM) is a process whereby health
professional, patients, and their caregivers work together to
make health care choices based on the best evidence and what
matters most to patients [7]. SDM tools, such as decision guides,
are associated with better decision quality and decision-making
processes without damaging patient or health system outcomes
[8]. Decision guides can increase the involvement of frail older
adults and caregivers in decisions about their care while
improving agreement between them and their home care teams
[9].

In previous work, an interprofessional SDM (IP-SDM) training
program for home care teams with a decision guide increased
by 12% (compared to usual care) the proportion of caregivers
who reported being active in making housing decisions for frail
older adults with cognitive impairment [10]. However, other
studies have shown that educational interventions may make
little difference to the actual practice of SDM with older adults
with cognitive impairment and their surrogate decision makers
[11]. In addition, given that home care teams are already very
busy, and overall awareness of SDM is increasing [12], passive
dissemination of decision guides alone could be enough to
increase patient engagement in decision-making [13]. However,
the effectiveness of decision guides alone, compared to their
use as part of a multifaceted intervention, is unknown.

The aim of this study was to evaluate the effect of adding a
blended web-based and in-person training program in IP-SDM
for home care teams to passive dissemination of a decision guide
on the proportion of frail older adults or caregivers reporting
an active role in making housing decisions, compared with
passive dissemination of the decision guide alone. We
hypothesized that the addition of a training program in IP-SDM
to the passive dissemination of a decision guide would increase
the proportion of frail older adults or caregivers reporting an
active role in the decision-making process.

Methods

Ethics Approval
We reported this trial following the extension of Consolidated
Standards of Reporting Trials (CONSORT) for stepped-wedge
cluster randomized trials [14]. The trial was registered at
ClinicalTrials.gov (NCT02592525) and the protocol was
published [15]. Ethics committee review approval has been
obtained from the Multicenter Ethics Committee of Centre
intégré de santé et de services sociaux de Laval
(2015-2016/01-01-E).

Study Design
We conducted a cross-sectional, stepped-wedge cluster
randomized trial (the Inter Professional Shared
Decision-Making-Stepped Wedge Study) from November 2014
to December 2018 with home care teams at health centers in
Quebec, Canada. We chose cluster randomization because the
intervention was delivered at the health-center level, precluding
individual randomization. A stepped-wedge design was chosen
to facilitate recruitment, as all health centers would ultimately
receive the intervention [16]. This design also offers more
statistical power than a traditional parallel cluster study when
there are large cluster-level effects (or intracluster correlations)
[17]. Health centers were randomly allocated to 1 of 4
intervention start times (sequences), with 5 data collection
periods (Figure 1).
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Figure 1. Flow chart of trial by allocated sequence and period_updated.

Participants and Eligibility
Study participants were frail older adults with loss of autonomy
and caregivers of frail older adults with cognitive impairment
who were recruited through the home care teams at the health
centers. Home care teams were eligible if they (1) were involved
in caring for frail older adults, (2) practiced in one of the health
centers participating in the trial, and (3) were interprofessional
(ie, involved more than 2 health professionals from different
professions). Frail older adults were eligible if they (1) were
aged ≥65 years; (2) were receiving care from one of the home
care teams; (3) had made a decision about staying home or
moving during the recruitment period; (4) were able to read,
understand, and write French or English; and (5) were able to
give informed consent. When frail older adults were cognitively
impaired, their informal caregiver became the eligible
participant. Caregivers were defined in this study as close
relatives or friends and were eligible if they (1) were caring for
a cognitively impaired older adult who was otherwise eligible;
(2) were able to read, understand, and write French or English;
and (3) provided informed consent to participate in the study.
Frail older adults with cognitive impairment had been clinically
evaluated by a health professional as no longer able to make
decisions on their own.

Randomization
Health centers (clusters) were randomized to 1 of 4 sequences.
Once participating home care teams had been identified, an
independent biostatistician at the Ottawa Hospital Research
Institute’s Methods Centre performed randomization using
computer-generated numbers. Given the nature of the
intervention, the investigators, project coordinator, and research
assistants (RAs) collecting the data were not blinded. However,
the allocation list was concealed from the research team for as
long as possible and the RAs were asked not to discuss this

information with any frail older adult or caregiver and not to
refer to the intervention. Frail older adults and caregivers were
blinded to the intervention.

Control
Before baseline data collection, we asked managers at all the
enrolled health centers to distribute (ie, perform passive
dissemination of) a decision guide for home care teams
supporting frail older adults or caregivers in making housing
decisions [4]. Dissemination of the decision guide was passive
in the sense that although it was distributed in the health centers,
we did not train the teams in how to use it. The decision guide,
adapted from an online family decision support tool designed
for the context of the home, had French and English versions
[4,18]. It has the potential to help health professionals discuss
with frail older adults or caregivers of cognitively impaired frail
older adults the decision about the location of care [4,9,13].

Intervention
The intervention consisted of (1) a 1.5-hour web-based tutorial,
based on the Ottawa Decision Support Tutorial, [19] that was
completed individually by the health professionals in the
participating home care teams at the cluster level, followed by
(2) a 3.5-hour live interactive workshop. The web-based tutorial
ensured that all participants arrived at the workshop with a
similar knowledge of SDM concepts. The workshop included
a lecture reviewing SDM concepts (especially the IP-SDM
approach); a video demonstrating the approach in a home care
team with a frail older adult making a housing decision [20];
training in using the decision guide [4]; and role play using the
decision guide with feedback from facilitators [15,20]. The
workshop, based on adult education principles [21], included
decision-making about housing decisions with frail older adults,
communication techniques, and, for frail older adults with
cognitive impairment, strategies for fostering their participation
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or that of their caregivers in decision-making. All workshops
were held at the health centers, had the same content, same
materials, and same trainers, and were held as a single session
[15]. All home care teams received the intervention at various
time points. The decision guide distributed before the
intervention was still available in sufficient quantities afterwards
[15]. The digital format of the initial tutorial and the video were
convenient and easily scalable to our 9 intervention sites and
ensured that base elements of the training were standardized
and identical. This is helpful in stepped-wedge trials, where
control and intervention conditions are experienced at different
times, there is implementation lag, and individuals are exposed
to the intervention in different ways and locations. It also
reduced time expenditure and costs, in contrast to in-person
training, which had to be repeated at each crossover point [22].
However, our intervention overcame the disadvantages of
web-based learning (mainly isolation) [23-25] with the in-person
part of the training, which provided role play, feedback, and
discussion opportunities for applying knowledge to skills and
behavior [26].

Outcomes and Measurement
The primary outcome was the frail older adults’ or caregivers’
perception of the role they assumed in decision-making, as
measured using a modified version of the Control Preferences
Scale [27], a single question with five response categories: (1)
“I made the decision,” (2) “I made the decision after seriously
considering the health care professionals’ opinions,” (3) “the
health care professionals and I shared the responsibility for the
decision making,” (4) “the health care professionals made the
decision after seriously considering my opinion,” and (5) “the
health care professionals made the decision.” For sample size
calculation and analysis, we dichotomized the primary outcome
by collapsing categories 1, 2, and 3 into an “active” role and 4
and 5 into a “passive” role in decision-making.

Secondary outcomes assessed in frail older adults and caregivers
were (1) their preferred option about whether the cognitively
impaired older adult should stay at home or move to another
location, and the actual decision made; (2) decisional conflict,
assessed with the 16-item Decisional Conflict Scale [28,29];
(3) decision regret, assessed with the 5-item Decision Regret
Scale [30]; and (4) perception of the extent to which health
professionals involved them in decision-making, assessed with
the Dyadic-OPTION scale, a 12-item instrument evaluating
SDM behaviors during decision-making [31,32]. Other
secondary outcomes included health-related quality of life,
assessed only in the frail older adults with the 36 items of the
Nottingham Health Profile [33-35], and burden of care, assessed
only in the caregivers with the Zarit Burden Inventory scale
[36-38].

Data Collection
Home care teams made lists of potentially eligible frail older
patients. Trained RAs assigned to each health center contacted
these patients or caregivers of frail older adults with cognitive
impairment and asked if they wished to participate. The RAs
then met all interested participants at their home or a place of
their choice to complete informed consent and proceed with
data collection. Data collection took place from November 2015

to December 2018. Due to practical constraints, some health
centers started the intervention earlier or later than planned. The
collected data included outcomes; the relationship between
caregivers and frail older adults (when appropriate); and
sociodemographic characteristics, including age, sex, and
education, which were variables identified as predictors of our
primary outcome, that is, that younger, female, well-educated
(secondary school level or higher) people are more likely to
take an active role in decisions about their health [27,39-41].

Sample Size
The sample size calculation was informed by preliminary data
from another study [42]. We used the method developed by
Hussey and Hughes [43] for stepped-wedge designs. We
assumed an average of 8 frail older adults and 8 caregivers per
health center in each data collection period and a
time-independent intraclass correlation (ICC) of 0.05 [44]. To
detect an absolute increase of 20% [45] in the primary outcome
(ie, from 70% to 90%) with 80% power using a stepped-wedge
design with 4 sequences and a 2-sided test at the 5% significance
level, a total of 8 clusters (with a total of 320 caregivers) were
required, [46] meaning 320 frail older adults and 320 caregivers
of frail older adults with cognitive impairment. To account for
potential loss to follow-up of clusters we recruited one more
health center than planned.

Statistical Methods
We describe organizational settings and characteristics of the
health professionals randomized to the trial and report the
sociodemographics of the frail older adults and caregivers using
frequencies and percentages, means and SD, or medians and
IQR, as appropriate. We performed analyses with the
intention-to-treat principle with the frail older adult or caregiver
as the unit of analysis. The primary outcome was analyzed using
a generalized linear mixed model (GLMM) with logit link. The
prespecified primary analysis assumed a uniform within- and
between-period correlation, adjusting for time effects
(categorical) and specifying a random effect for cluster [43].

We performed secondary analyses by additionally adjusting for
primary outcome predictors and for imbalanced baseline
characteristics [47,48]. To explore the implications of bias due
to misspecification of the correlation structure [49], we
conducted analyses using 2 other correlation structures identified
in the literature: nested exchangeable (specifying a random
cluster effect and a random time by cluster interaction) [50,51]
and exponential decay (an autoregressive between-period
correlation) [52]. There are no guidelines for choosing the
best-fitting covariance structure, so we used the pseudo–Akaike
information criterion to select the best-fitting model and
presented the results as sensitivity analyses. To estimate the
absolute difference, as required by the CONSORT extension
for stepped-wedge cluster randomized trials, [14] we applied
GLMM using an identity link with the adaptive
Gaussian–Hermite approximation to the likelihood maximum
[53].

For binary secondary outcomes, we conducted similar analyses.
For continuous secondary outcomes, we used a linear mixed
model, and summarized the intervention effects as mean
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differences. We obtained within-period intraclass correlation
coefficients (WpICC), between-period intraclass correlation
coefficients (BpICC), and cluster autocorrelation coefficients
(CAC) for each outcome analyzed. We used α=.05 as the level
of significance. All analyses were conducted using SAS (version
9.4, SAS Institute).

Results

Participants
Recruitment took place from November 2014 to December
2018. Interprofessional home care teams from 9 health centers
with 281 health professionals participated in the study. Of 481
frail older adults contacted, 311 (64.6%) were recruited. Of 502
eligible caregivers contacted, 339 (67.5%) were recruited. There
was no loss to follow-up of health centers, and no frail older
adults, caregivers, or health centers were excluded (Figure 1).

Sociodemographics of the frail older adults and caregivers were
well balanced between allocated sequences (Multimedia
Appendices 1 and 2).

Baseline Characteristics of Participants
Participating frail older adults were on average 81.2 (SD 7.5)
years old; 66.9% (208/311) were female and 58.8% (183/311)
had secondary education or higher. Baseline characteristics were
well balanced between the intervention and control groups,
except for education level (Table 1). Caregivers of frail older
adults with cognitive impairment were on average 66.4 (SD
11.7) years old; 70.5% (239/339) were female and 87.3%
(296/339) had secondary education or higher. Most caregivers
(242/339, 71.4%) were retired or at home and 90.3% (306/339)
were the child, spouse, or husband of the frail older adult.
Among caregivers, baseline characteristics were well balanced
between the intervention and control groups, except for age
(Table 2).

Table 1. Baseline characteristics of frail older adults without cognitive impairment (N=311).

Intervention (n=160)Control (n=151)Characteristics

80.9 (7.4)a81.6 (7.6)Age (years), mean (SD)

107 (66.9)101 (66.9)Sex (female), n (%)

Education level, n (%)

84 (52.5)44 (29.2)Primary school

51 (31.9)73 (48.3)Secondary school

25 (15.6)34 (22.5)Postsecondary

Marital status, n (%)

58 (36.3)45 (29.8)Married/common-law partner

60 (37.5)72 (47.7)Widowed

25 (15.6)20 (13.3)Separated/divorced

17 (10.6)14 (9.2)Single

Household income (CAD $)b, n (%)

86 (53.8)83 (55.0)Less than 30,000

30 (18.8)34 (22.5)30,000-59,999

7 (4.4)4 (2.7)60,000 and more

37 (23.1)30 (19.9)I prefer not to answer/I do not know

an=159
bA currency exchange rate of CAD $1=US $0.76 is applicable.
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Table 2. Baseline characteristics of caregivers of cognitively-impaired frail older adults (N=339).

Intervention (n=172)Control (n=167)Characteristics

68.6 (11.2)64.2 (11.9)Age (years), mean (SD)

117 (68.0)122 (73.1)Sex (female), n (%)

Education level, n (%)

24 (14.0)19 (11.4)Primary school

69 (40.1)63 (37.7)Secondary school

79 (45.9)85 (50.9)Postsecondary

Marital status, n (%)

132 (76.7)129 (77.2)Married/common-law partner

9 (5.2)7 (4.2)Widowed

18 (10.5)16 (9.6)Separated/divorced

13 (7.6)15 (9.0)Single

Household income (CAD $)a, n (%)

43 (25.0)37 (22.2)Less than 30,000

50 (29.1)54 (32.3)30,000-59,999

46 (26.7)51 (30.5)60,000 or more

33 (19.2)25 (15.0)I prefer not to answer/I do not know

Caregivers’ employment status, n (%)

114 (66.3)94 (56.3)Retired

39 (22.7)56 (33.5)Employed

17 (9.9)17 (10.2)At home (eg, unemployed/job seeker)

2 (1.1)0 (0.0)Missing

Caregivers’ relationship to frail older adult, n (%)

75 (43.6)94 (56.3)Child

78 (45.3)59 (35.3)Wife/husband or common-law partner

19 (11.1)14 (8.4)Other (eg, family member or friend)

aA currency exchange rate of CAD $1=US $0.76 is applicable.

Primary Outcomes
At baseline (period 1), when no health center had yet received
the intervention, but they had been exposed to passive
dissemination of the decision guide (ie, the control condition),
92% (59/64) of frail older adults and 83% (53/64) of caregivers
of frail older adults with cognitive impairment already reported
an active role in decision-making (Multimedia Appendices 3
and 4). In all, 92.1% (139/151) of frail older adults recruited
under the control condition reported an active role in
decision-making versus 94.3% (149/160) of frail older adults

recruited under the intervention condition, for an absolute
increase of 3.3% (95% CI –5.8% to 12.4%, P=.47) after
accounting for the secular trend (Table 3). Similarly, 77.8%
(130/167) of caregivers recruited under the control condition
reported an active role in decision-making versus 80.8%
(139/172) under the intervention condition, for an absolute
increase of 6.1% (95% CI –11.8% to 23.4%, P=.49) (Table 4)
after accounting for the secular trend. The ICC (WpICC) and
the CAC were, respectively, 0.051 and 0.627 in the frail older
adults and 0.045 and 0.493 in the caregivers of frail older adults
with cognitive impairment (Multimedia Appendices 5 and 6).
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Table 3. Effect of the intervention on primary and secondary outcomes for frail older adults without cognitive impairment.

Relative scale effect sizeAbsolute scale effect sizeValuesOutcomes

P valueOdds ratio (95% CI)bP valueProportion differencea/mean
difference (95% CI)

Intervention
(n=160)

Control
(n=151)

Primary outcome, n (%)

.561.70 (0.28 to 10.4).473.3 (–5.8 to 12.4)149 (94.3)139 (92.1)Role assumed (active)c

Secondary outcomes

.390.65 (0.24 to 1.75).29–9.4 (–27.0 to 8.2)97 (60.6)100 (66.7)Preferred housing option (stay at

home),d n (%)

.841.16 (0.28 to 4.85).713.3 (–14.1 to 20.7)61 (38.1)41 (27.3)Housing decision made (stay at home),d

n (%)

.850.87 (0.20 to 3.74).73–2.2 (–15.3 to 10.8)20 (12.5)28 (18.5)Decisional conflict (yes; scale ≥37.5),
n (%)

.340.50 (0.12 to 2.11).12–13.9 (–31.3 to 3.6)108 (67.5)107 (70.9)Decisional regret (yes; scale >0), n (%)

N/AN/Ag.075.8 (–0.5 to 12.1)f67.9 (17.2)65.8 (19.4)Involvement in decision-making

(Dyadic-OPTION),e mean (SD)

N/AN/A.61–2.1 (–10.0 to 5.9)g75.1 (22.3)72.9 (23.8)Quality of life (0-100),h mean (SD)

aGeneralized linear mixed model with logit link function including intervention as a binary variable, a fixed effect (categorical) for time, and specifying
a random effect for cluster.
bLinear mixed model with dichotomous dependent variables to handle convergence issues and reported risk differences, which can be interpreted as a
difference of proportions (dependent dichotomous variables coded 1/0) [54-56].
cn=149 and n=158 for the control and intervention groups, respectively.
dn=150 and n=159 for the control and intervention groups, respectively.
eAssessed on a continuous scale ranging from 0 to 100.
fLinear mixed model including intervention as binary variable, a fixed effect (categorical) for time, and specifying a random effect for cluster.
gN/A: not applicable.
hAssessed on a continuous scale ranging from 0 to 100.
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Table 4. Effect of the intervention on primary and secondary outcomes for caregivers of cognitively-impaired frail older adults (primary analysis).

Relative scale effect sizeAbsolute scale effect sizeOutcome frequencyOutcomes

P valueOdds ratio (95% CI)bP valueProportional differencea/mean
difference (95% CI)

Intervention
(n=172)

Control
(n=167)

Primary outcome, n (%)

.451.30 (0.66 to 2.55).496.1 (–11.2 to 23.4)139 (80.8)130 (77.8)Role assumed (active)

Secondary outcomes

.770.89 (0.41 to 1.95).76–2.7 (–19.4 to 14.1)83 (48.3)82 (49.1)Preferred housing option (stay at
home), n (%)

.831.10 (0.46 to 2.62).692.6 (–10.0 to 15.2)36 (20.9)27 (16.2)Housing decision made (stay at home),
n (%)

.080.46 (0.19 to 1.11).10–7.5 (–16.5 to 1.6)19 (11.1)23 (13.8)Decisional conflict (yes: scale ≥37.5),
n (%)

.961.03 (0.32 to 3.31).841.7 (–15.0 to 18.3)124 (72.1)117 (70.1)Decisional regret (yes: scale >0), n (%)

N/AN/Ae.721.2 (–5.2 to 7.6)d69.4 (19.8)69.3 (17.6)Involvement in decision making

(Dyadic-OPTION),c mean (SD)

N/AN/A.66–1.1 (–6.2 to 4.0)d31.3 (16.5)34.6 (17.2)Burden of caref (0-88), mean (SD)

aGeneralized linear mixed model with adaptive Gaussian–Hermite approximation to the likelihood maximum using an identity link, including intervention
as binary variable, a fixed effect (categorical) for time, and specifying a random effect for cluster.
bGeneralized linear mixed model with logit link function, including intervention as binary variable, a fixed effect (categorical) for time, and specifying
a random effect for cluster.
cAssessed on a continuous scale ranging from 0 to 100.
dLinear mixed model including intervention as binary variable, a fixed effect (categorical) for time, and specifying a random effect for cluster.
eN/A: not applicable.
fAssessed on continuous scale ranging from 0 to 88.

Secondary Outcomes
The intervention had no statistically significant effect on any
secondary outcomes among the frail older adults or caregivers.
Frail older adults’ perception of the extent to which health
professionals involved them in decision-making scored an
average of 67 of 100 with a (nonsignificant) mean increase of
5.4 (95% CI –0.6 to 11.4; P=.07). For caregivers, there was a
nonsignificant effect on decisional conflict: 13.8% (23/167) in
the control group versus 11% (19/172) in the intervention group,
for an absolute decrease of 7.5% (95% CI –16.5% to 1.6%,
P=.10) (Tables 3 and 4).

Discussion

Principal Findings
This study evaluated the effectiveness of adding training in
IP-SDM for home care teams to the passive dissemination of a
decision guide on the proportion of frail older adults, or
caregivers of frail older adults with cognitive impairment, who
reported taking an active role in making a housing decision. In
this pragmatic trial, we observed a nonsignificant increase in
the proportion of participants reporting an active role in
decision-making. We observed no significant effect on any
secondary outcomes. However, for frail older adults, there was
an absolute (nonsignificant) increase in the extent to which
health professionals involved them in decision-making and an
absolute (nonsignificant) decrease in decisional conflict among

caregivers. These results lead us to make the following
observations.

Interpretation and Comparison With Prior Work
First, the nonsignificant increase observed in the primary
outcome in both categories of participants (frail older adults
and caregivers) may be explained by the fact that at baseline,
the control group scored higher than expected. In our control
condition, all clusters had been exposed to passive dissemination
of the decision guide. In the trial that informed our sample size
calculation (caregivers only), where the control group received
usual care (ie, without the decision guide), fewer participants
reported playing an active role at baseline and there was more
room for improvement [10]. In the earlier trial, caregivers were
also younger, and other studies confirm that younger people
want a more active role in decision-making [57]. Both trials
were pragmatic, and the loss of efficacy in a real clinical practice
setting was to be expected. Interestingly, in both trials with
caregivers of frail older adults with cognitive impairment,
regardless of the decision-making role they assumed at baseline,
an active decision-making role postintervention seemed to reach
a similar threshold and go no further: in the first study, 79.6%
took an active role postintervention [10], compared to 80.8%
(139/172) in the current study. This suggests that among
caregivers there is a natural ceiling to the expectation or desire
to be active in decision-making on behalf of frail older adults.
This threshold could be linked to discomfort with the role of
being an active proxy decision-maker for more difficult and
preference-sensitive decisions. At these times, it may be less
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stressful to surrender responsibility for decision-making to the
clinician [58].

Second, we observed high staff turnover during the study. In a
postintervention follow-up, we found that of the 281 health
professionals who received the intervention, less than half
remained, possibly due to a major restructuring of the Quebec
health care system occurring at the time [46]. High staff turnover
was identified as one of the main barriers to engaging in IP-SDM
[59]. Thus, many participants were being cared for by staff who
had not been exposed to the intervention, likely contributing to
its ineffectiveness. Repeating the intervention with replacement
staff could have remedied this [60]. Periodic reminders [61]
and postintervention coaching could have increased the
long-term effects of the intervention and fidelity to it [62].
Changing clinical, organizational, and policy-making
environments can have major impacts on pragmatic trials such
as ours.

Finally, the health professionals were under severe time
constraints. Caregivers may have felt they should not take up
too much time talking about their preferences and values,
although this was suggested by the decision guide [63]. In
addition, the home care teams may have felt that SDM as
presented in the training would be too time-consuming, even
though they may, in fact, have already been collaborating with
patients and their caregivers in decision-making [7]. The
perception of SDM as an issue related to the quantity of time
needs to shift to a perception that SDM is rather an issue related
to the quality of time [63]. Our results could be interpreted as
showing that in this context, with overworked staff and high
turnover, the decision aid was the most appropriate and practical
intervention for increasing client involvement in
decision-making.

A strength of this trial was that it was pragmatic, according to
the pragmatic–explanatory continuum indicator summary
(PRECIS-2) [64]. Pragmatic trials are more applicable to real
clinical practice [65] and increase external validity [66]. Second,
no health center was lost to follow-up, reducing selection bias
and indicating that the study was relevant to its participants.
Decision support for housing decisions was clearly already of
great interest even before the COVID-19 pandemic and its
catastrophic consequences for long-term care residents made
housing decisions a policy priority [67]. Third, all analyses gave
similar results, demonstrating their consistency (Multimedia
Appendices 7, 8, 9, and 10).

Limitations
This study had a number of limitations. First, we assumed our
sample size would give us enough power to detect a 20%

increase in our primary outcome, but the increase was 6.1%
(not statistically significant). This lack of power may also
explain why our study failed to detect a significant difference
between the study groups, given the large CIs around their point
estimates [10]. Second, identifying and recruiting participants
after randomization may have increased the risk of selection
bias, which would have caused under- or overestimation of the
effect. However, the fact that characteristics were overall well
balanced between groups indicates that this bias was minimal;
we also adjusted for imbalanced variables to mitigate their
influence on the estimate. Third, health professionals may have
selected compliant participants, thereby inducing selection bias
[68]. However, this limitation would have affected both the
intervention and control groups. Fourth, the decision guide was
distributed to all health professionals in the workshop. A
question in our survey as to whether older adults and caregivers
had been shown the decision guide should have provided us
with a pseudofidelity variable regarding its use with patients
[15], but due to a high level of missing data for this question,
we could not include this as an outcome. It may be possible that
there was a lack of fidelity to the implementation of the
intervention. In this pragmatic trial, we were not able to be
present at the consultations to assess this. A future mixed
methods or qualitative study could provide this information and
help us to better see the impact of the intervention. Finally, at
the cluster level, the intervention may not be applicable in every
setting, since home care services are organized differently from
one jurisdiction to another [10]. At the individual level, however,
the results of this study are generalizable to frail older adults
and caregivers of frail older adults with cognitive impairment
with similar characteristics facing housing decisions.

Conclusions
Adding IP-SDM training to passive dissemination of a decision
guide for home care teams was not sufficient to induce frail
older adults or caregivers of cognitively-impaired frail older
adults to take a more active role in housing decisions. Baseline
involvement in decision-making was already high, suggesting
that home care teams are already practicing a form of
collaborative decision-making with their clients. When home
care teams are overworked and understaffed, providing them
with high-quality practical tools may be the best way to support
them in involving their clients in decision-making. Further
research could explore more effective dissemination of decision
guides, a new SDM focus on time quality instead of time
quantity, and how to adapt SDM interventions to crisis situations
(eg, pandemics), when staff are absent or turnover is especially
high.
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