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Likhon Gomesb, Chiu C. Tanb and Tania Giovannetti a

aDepartment of Psychology, Temple University, Philadelphia, PA, USA; bDepartment of Computer and
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ABSTRACT
The SmartPrompt is a smartphone-based reminder application
informed by a neuropsychological model of functional
disability. This laboratory-based pilot study examined the
SmartPrompt feasibility, efficacy, and subjective usability
using a within-participant, counterbalanced, cross-over
design. Ten participants (M age = 80.3 + 8.2; M education =
15.7 + 2.5; 60% female) with mild cognitive impairment or
mild dementia completed the Remember to Drink Test,
which required preparing a glass of water at four
predetermined times, in a SmartPrompt (SP) and
Unprompted condition (UP). Written cues and a clock were
available in both conditions; however, in the SP, the
smartphone presented auditory alarms and visual reminders
to obtain the water at specified times and required photo
logging. In a separate session, caregivers were trained and
tested on configuring the SmartPrompt. Overall, caregivers
and participants learned to effectively use the SmartPrompt.
Caregivers achieved near-perfect scores on the configuration
quiz and responded well to training. Participants completed
significantly more Remember to Drink tasks in the SP (93%)
than UP (56%); checking the cues/clock decreased by 87% in
the SP. Usability ratings were excellent among caregivers
and fair among participants. Results indicate that the
SmartPrompt holds promise for reducing functional disability
in older adults with cognitive difficulties in at-home contexts.
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Introduction

In 2019, approximately 50 million individuals carried a diagnosis of dementia
worldwide (World Health Organization, 2019). Without current effective pharma-
cologic treatments (Branca & Oddo, 2017) and an increase in the longevity of
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medically complex older adults (Bluethmann et al., 2016), this number is
expected to increase over time. Functional disability (i.e., the inability to indepen-
dently complete basic activities of daily living such as eating, dressing and
grooming) is a core diagnostic criterion for dementia and significantly contrib-
utes to exorbitant health care costs, loss of autonomy and independence, and
decreased quality of life (Kelley et al., 2015). Caregivers, who are typically
unpaid family members, provide up to 62 hours of care per week and are
often responsible for prompting or assisting individuals with dementia in their
activities of daily living (Olivari, 2018; Olivari et al., 2020). As such, they face
threats to their own quality of life including increased rates of depression,
financial burden, general caregiver burden, and changes in health and cognition
(Braley et al., 2019; Gaugler et al., 2019).

As older adults become more computer literate, assistive technologies hold
promise as an inexpensive solution to improve daily functioning in individuals
with dementia, and consequently both promote aging in place and reduce care-
giver burden and cost of care (Knapp, 2015). Smartphones in particular represent
a promising technological solution as they grow increasingly ubiquitous, even
among older adults. In fact, in 2019, approximately 53% of U.S. adults over
age 65 owned a smartphone (Mobile Fact Sheet, 2019). As the cost of smart-
phones continues to fall, their increasing affordability will have important impli-
cations for the scalability and accessibility of smartphone-based solutions to
wider and more diverse populations. At present, there exist a plethora of compu-
ter and smartphone applications for people with dementia that target “brain
training,” physical rehabilitation, falls, and “wandering” (McCallum & Boletsis,
2013; Sposaro et al., 2010); however, there are relatively few commercially-avail-
able applications specifically focused on improving daily function. Numerous
electronic reminder and calendar applications have been developed for
healthy adults, but they typically involve complex interfaces and provide only
limited information (i.e., an auditory alert with a simple text-based label), and
are not designed according to known age-related differences in human–compu-
ter interaction (Chun & Patterson, 2012; Siek et al., 2005). To address this gap, we
designed a novel, smartphone-based reminder application (the SmartPrompt)
specifically for individuals with mild cognitive impairment (MCI) and dementia,
whose features are informed by neuropsychological theories of everyday
action (Giovannetti et al., Under Revision) and prospective memory (McDaniel
& Einstein, 2000; Smith & Bayen, 2004).

Our conceptual framework posits that everyday activities are represented as
goal hierarchies with intentions (e.g., prepare food) at the highest level and
manual gestures (e.g., grab jelly jar) at the lowest level. Activation of superordi-
nate intentions may elicit automatic spreading of activation to lower level goals.
Activation of a goal hierarchy also may be “triggered” from objects or environ-
ments (e.g., a coffee mug may activate coffee-making goals; Giovannetti et al.,
Under Revision; McDaniel & Einstein, 2000). Deliberate cognitive control (i.e.,
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executive function) is essential to modulate activations and inhibit inappropriate
activation from irrelevant objects in the environment (Giovannetti et al., 2005,
2008, 2010). Without sufficient control over goal activations, interference from
competing goals and objects may derail performance and lead to disorganiz-
ation, off-task behaviours, or mis-sequencing of task steps (i.e., commission
errors). In addition to commission errors, individuals with functional disability
also frequently fail to complete task goals (i.e., omission errors). Omission failures
are strongly associated with caregiver-reports of functional disability and may
arise because the intention to perform a task (i.e., highest-order task goal in
the hierarchy) is not retrieved or activated due to prospective memory impair-
ment (Huppert et al., 2000; McDaniel & Einstein, 2000; Oriani et al., 2003; Smith
& Bayen, 2004) and/or apathy (Boyle et al., 2003; Rog et al., 2014). Our framework
also proposes that for people with dementia, omissions may be due to the pre-
mature decay of goal activations or degraded task goals/knowledge (Giovannetti
et al., Under Revision; Roll et al., 2019). Finally, episodic memory and task moni-
toring are essential to remember that a task has been performed to prevent
recurrent perseveration and enable accurate recall and task tracking (Bettcher,
Giovannetti, Klobusicky, et al., 2011; Bettcher, Giovannetti, Libon, et al., 2011;
Bettcher et al., 2008; Giovannetti et al., 2010, 2012; Giovannetti, Bettcher, et al.,
2007; Giovannetti, Libon, Buxbaum, et al., 2002; Giovannetti, Libon, & Hart,
2002; Giovannetti, Schwartz, et al., 2007).

The SmartPrompt was designed to target five cognitive failures that are
associated with off-task errors, omissions and deficient task monitoring. Figure
1 illustrates how our conceptual model informed the features and functions of
the SmartPrompt. As shown in Figure 1 Panel A, the reminder alert sounds at
a predetermined time with an auditory alarm to orient the participant to the
phone, at which point they pick up the phone – this feature targets task initiation
failures that may arise due to prospective memory impairment. Once the partici-
pant picks up the smartphone, they see a brief message directing them to com-
plete the target task and to click on the large button to indicate when they are on
their way – this feature addresses the breakdown of task knowledge in that the
alarm text can display brief directions.

SmartPrompt alerts are delivered on a time-based model – as compared to
location-based or context-aware systems as described in Seelye et al. (2012) –
in that prompts are delivered based on a prespecified time. Time-based inten-
tions are more difficult to remember because there are no external cues to
trigger their activation; however, location-based prompts, which are delivered
when an individual is at a location where an action should be performed, may
be more effective because the cues are delivered at an optimal moment when
supplies are available and task completion may be more convenient. To
address this potential limitation of time-based cues, we have built in the
option for participants to defer alerts until they are ready to perform the task.
Figure 1 Panel B shows “nudges” that are displayed in the event that the
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participant defers the initial prompt, does not hear the initial prompt, or
becomes distracted after hearing the prompt and before completing the
target task. An auditory alarm continues to sound every minute until the task
is completed – this feature targets poor control over goal activations (off-task
behaviors), premature goal decay, and poor monitoring.

The SmartPrompt also includes a task logging feature and rewards to motiv-
ate users. As shown in Figure 1 Panel C, after the participant presses the “take
picture” button (Panel B), a screen instructs them to take a photo of the com-
pleted task (through the photo capture feature which is integrated into the
app), thereby logging photo evidence that the task has been completed - this
feature circumvents episodic memory failures regarding task completion,
enabling participants and/or their caregivers to review the photo log to
confirm task completion. As shown in Figure 1 Panel D, points are assigned as
each task is successfully logged and are displayed using a progress bar, and if
all target tasks are successfully logged within the day, participants receive a
video-based reward – this feature addresses problems with motivation and
apathy by attempting to make completion of tasks with the SmartPrompt enga-
ging. Finally, we emphasized simple interfaces and explicit instructions when
designing the SmartPrompt to minimize training demands and promote
efficacy and usability (Seelye et al., 2012).

Figure 1. SmartPrompt features and cognitive targets.
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There are very few systematic pilot studies on reminder applications for individ-
uals with dementia, and even fewer that incorporate a theoretical model to guide
development (Seelye et al., 2012). Most research on reminder applications has
been conducted on single cases without objective outcome data or control con-
ditions (Gibson et al., 2015; Ienca et al., 2017; Imbeault et al., 2014; Nauha et al.,
2018; Oriani et al., 2003; Szymkowiak et al., 2004). Over the years, our research
team has used a range of laboratory-based, everyday tasks to evaluate the
efficacy of strategies to improve task completion by increasing the number of
task steps accomplished (Brennan et al., 2009; Giovannetti et al., 2015), reducing
sequenceandobject-selectionerrors (Giovannetti, Bettcher, et al., 2007;Giovannetti
et al., 2010), and increasing the proportion of errors detected (Bettcher, Giovannetti,
Libon, et al., 2011). The current pilot study extends the existing literature on every-
day function impairment and associated interventions in several ways. First, the
SmartPrompt delivers cues through commercially-available smartphones
(Androidor iOS), allowing for futuregeneralizability and scalability. Second,multiple
cueing strategies that target a variety of cognitive failures based on our conceptual
framework are delivered at once to optimize performance. Third, the study design
includes a control condition for stronger inferences to be made about outcomes.
Finally, qualitative data were collected from participants and caregivers to more
directly involve the end users in the design of future iterations of the SmartPrompt.

This laboratory-based pilot study evaluated the SmartPrompt on three dimen-
sions: (1) feasibility – whether people with dementia and their caregivers could
be trained to use the SmartPrompt; (2) efficacy1 – the extent to which the Smart-
Prompt efficiently improved participants’ everyday task performance; and (3)
subjective usability – participants/caregivers’ perception of the SmartPrompt’s
design and ease of use. We developed an experimental task called the Remem-
ber to Drink Test to directly test the efficacy of the SmartPrompt in the labora-
tory. The Remember to Drink Test involves obtaining a glass of water at
predetermined times (as outlined in more detail in the Methods section). It
was chosen as a standardized, laboratory-based example of an everyday task
because drinking water represents a low-risk activity that is also highly relevant
for health outcomes among older adults. Dehydration, or failure to remember to
drink adequate amounts of water, is common among older adults and is associ-
ated with numerous negative health outcomes including acute confusion,
urinary and respiratory infections, medication toxicity, falls, cognitive dysfunc-
tion, and more (Mentes, 2006). Therefore, we reasoned that retrieving a drink
of water was familiar and relevant to all participants, making it a highly suitable
task to evaluate with and without the SmartPrompt. We hypothesized that par-
ticipants and caregivers would easily learn to use and operate the SmartPrompt.
We also hypothesized that during the Remember to Drink Test, participants
would accomplish more tasks at the right time and engage in fewer checking
behaviours (i.e., seeking written cues and/or clock) when they were able to
rely upon the SmartPrompt as compared to without the SmartPrompt.
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We also were interested in exploring individual features that might influence
the efficacy and perceived utility of the SmartPrompt among both participants
and caregivers to begin to develop a framework that could be useful for match-
ing individuals with dementia with specific SmartPrompt features in future
studies. We considered participants’ demographics, cognition and mood,
because older adults vary widely on these features and prior work from our lab-
oratory indicated that participants’ cognitive and clinical profiles were associated
with task improvement following the delivery of cues at the end of a task (Gio-
vannetti et al., 2015). We also included measures of proficiency and attitudes
towards technology, as technology experience and self-efficacy has been associ-
ated with the efficacy and experience of using assistive technologies in older
adults (Cohen-Mansfield et al., 2005; Czaja et al., 2006; Harris et al., 2020).

Materials and methods

Participants

Participants were recruited from a range of outreach efforts, including local com-
munity and senior centres, flyers and email distributions, referring providers, and
a research database of previous participants who consented to future contact. A
relatively small sample size (N = 10) was recruited for this pilot study, yet the
sample size range falls within that of the typical pilot or phase 0 studies involving
preliminary assessment of an experimental device within clinical populations
(Billingham et al., 2013; Marchetti & Schellens, 2007), and also suffices for usabil-
ity testing (Faulkner, 2003). Participants met the following inclusion criteria: (a) 65
years of age or older, (b) diagnosis of MCI or dementia (or cognitive scores falling
within this range at the study visit) according to widely used clinical diagnostic
criteria (Albert et al., 2011; McKhann et al., 2011), (c) experiencing difficulty with
at least one everyday task due to cognitive problems, (d) fluent in English, (e)
availability of an informant/caregiver with knowledge on the participant’s every-
day cognition. Exclusion criteria were as follows: (a) sensory or motor difficulties
that would preclude walking or cell phone use, (b) lifetime history of major
neurologic disorder (e.g., schizophrenia, epilepsy, major head trauma), (c)
current B12 deficiency, renal failure, cancer, major depressive disorder, or
anxiety disorder. All participants gave written informed consent as part of a pro-
tocol approved by the Institutional Review Board of Temple University.

Procedures

All study activities occurred within the timeframe of June 2018 – August 2019.
Participants and their caregivers completed the study during a single session
lasting approximately three hours at the Temple University Cognitive Neuropsy-
chology Laboratory. The session began with a brief screening and interview with
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the participant and their informant/caregiver (hereafter referred to as caregiver) to
obtain demographic data (e.g., age, sex, level of education) and to confirm
inclusion/exclusion criteria. Next, participants and caregivers were brought
into separate testing rooms to complete different study procedures. Participants
completed a brief cognitive assessment and questionnaires about their mood
and computer experience. Following completion of the cognitive assessment
and questionnaires, participants were guided through a brief training protocol
covering use of the SmartPrompt. To evaluate the efficacy of the SmartPrompt,
participants then completed an experimental prospective memory task, called
the Remember to Drink Test, which was modelled after the commercially-avail-
able Memory for Intentions Test (MIST; Raskin & Buckheit, 2004). Following
SmartPrompt testing using the Remember to Drink Test, participants completed
a usability questionnaire about the SmartPrompt. Caregivers were administered
questionnaires and asked to review, configure, and evaluate the SmartPrompt in
a separate testing room. Study measures are described in further detail below.

Participant measures

SmartPrompt efficacy testing
Remember to Drink Test. Participants were seated at a table and provided with
instructions on the Remember to Drink Test. Participants were told that they
would be expected to get up from the table to obtain a glass of water from
the laboratory kitchen at four specific, predetermined times. Participants then
followed the examiner into the laboratory kitchen (which was down the hall
from the experimental test room), and practiced pouring a glass of water into
a cup to confirm they were physically able to complete the Remember to
Drink Test. Once they returned to the experimental test room, participants
were told that they would be engaged in brain games (i.e., other cognitive
testing) with the examiner, which served to mimic everyday distractions that
occur outside of the laboratory. However, they were instructed to prioritize
obtaining each glass of water at the four predetermined times and not to prior-
itize the brain games. The list of times was written in large, high-contrast font on
a piece of paper which was posted behind the participant to their left side (list
cue), whereas a digital clock depicting the current time was placed behind the
participant to their right side (clock cue; See Figure 2). Participants were asked
to look behind them to their left and right and read aloud (a) the list of times,
and (b) the current time to confirm that they were able to perceive and read
the cue stimuli. Efficacy outcome variables included task accomplishment and
checking behaviour. Task accomplishment was operationalized as the percent
of drinks successfully obtained from the laboratory kitchen (i.e., X out of 4),
with successful completion meaning participants exited the testing room,
entered the laboratory kitchen and poured a glass of water within 3 minutes
of the predetermined time. Checking behaviour was operationalized as the
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number of times participants looked behind them to check either the list cue or
the clock cue while they were engaged in distraction testing. The Remember to
Drink Test was administered under two different conditions (SmartPrompt and
Unprompted), which were counterbalanced across participants to control for
potential practice effects. Instructions for the Remember to Drink Test are
included in Supplemental Materials.

SmartPrompt condition. Before beginning the Remember to Drink Test under the
SmartPrompt condition, participants underwent a brief (10–15 minute) training
according to a detailed and standardized script and handout that included fam-
iliarization with the laboratory smartphone (Android; Samsung Galaxy S2), fam-
iliarization with the SmartPrompt application, and a test run (see Supplemental
Materials for the SP training script and handout). During the test run, the partici-
pant was verbally guided through the functionality of the SmartPrompt. Each par-
ticipant enacted his/her response to the initial SmartPrompt reminder alarm and
to the successive prompts to complete the target task. Training covered each of
the SmartPrompt features first through successive pictures on a handout and
then with the actual smartphone. SmartPrompt training included instructions
for the participant to photograph the end product of their efforts on each task
(i.e., photo log). Extensive feedback was provided by the study team during the
enactment. The training was “hands-on” and highly interactive, and participants
were not prevented from making errors during enactment. However, all errors
were corrected and all questions were answered until the participant was suc-
cessful in using the SmartPrompt and completing the target task during the
test run. Participants were offered a lanyard carrying case for the smartphone
to facilitate ease of transporting the phone to and from the laboratory kitchen.

Figure 2. Depiction of the Remember to Drink Test set-up with the list of times behind the par-
ticipant to their left and a digital clock cue behind the participant to their right.
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Once participants demonstrated capability in responding to the SmartPrompt
alarm and logging a photo of the glass of water in the laboratory kitchen during
the test run, the experimenter proceeded to set the four predetermined alarms
at 12-minute intervals (e.g., 2:00, 2:12, 2:24, 2:36) and commence the Smart-
Prompt condition. As mentioned earlier, participants were engaged in cognitive
testing to mimic everyday distractions, but were instructed to interrupt the cog-
nitive testing and to prioritize obtaining the water. For the present study, tech-
nical specifications of the smartphone were configured such that no additional
applications were active during the study visit, preventing irrelevant pop ups
or other communications from disrupting the alarms. If the alarm was not
acknowledged by the participant, or if the participant chose to defer the
alarm, then a second alarm was delivered after one minute. A total of three
alarms were delivered for each task. The alarm/response logic used to pro-
gramme the SmartPrompt application is depicted in the supplemental materials.

Control condition. Participants were asked to complete the Remember to Drink
Test, but they were not given the SmartPrompt to facilitate task completion (e.g.,
no alarms sounded, no instructions requiring photo logging, laboratory smart-
phone was not present). Participants were told to prioritize the water task and
to interrupt their ongoing cognitive testing to obtain the water at the right
time. Dependent variables were obtained just as they were for the SmartPrompt
condition, including the number of times the participant successfully completed
the task (number of drinks obtained, out of 4) and the number of times they
checked the list and clock cues.

SmartPrompt subjective usability testing-participant perspective. At the end of
the Remember to Drink Test, participants completed a modified “participant”
version of the System Usability Scale [P-SUS (Brooke, 1996; Lewis & Sauro,
2009)]; the P-SUS was modified to include language that is specific to the
prompting application. Ten items (e.g., “I found the SmartPrompt was easy to
use”) were evaluated on a 1 (strongly disagree) to 5 (strongly agree) point
scale. After correction (−1 for odd items and −5 for even, reverse-scored
items), the total is multiplied by 2.5 to yield a total score ranging from 0 (poor
usability) to 100 (excellent usability).

Cognitive testing. Before SmartPrompt testing, participants completed a subset
of cognitive tests so that cognitive abilities could be evaluated using measures
that were not compromised due to prioritizing the Remember to Drink Test. Par-
ticipants completed measures of global cognition (Mini Mental State Exam; Fol-
stein et al., 1975), word reading/estimated IQ (Hopkins Adult Reading Test;
Schretlen et al., 2009), verbal memory/list learning (Hopkins Verbal Learning
Test; Brandt & Benedict, 2001), processing speed, and executive functioning
(Trail Making Test Parts A and B; Reitan, 1958). These measures were selected
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for their psychometric properties, association with functional abilities in demen-
tia, and availability of demographically-corrected norms (Schretlen et al., 2010).
Demographically-corrected T-scores (controlling for age, education and sex)
were calculated for all cognitive tests. Demographically-corrected T-scores for
tests of verbal memory, processing speed, and executive functioning were aver-
aged to create a cognitive composite score.

Depression and anxiety. Depression symptoms were evaluated with the Geriatric
Depression Scale (GDS; Yesavage, 1988), and general anxiety symptoms were
evaluated with the Geriatric Anxiety Inventory (GAI; Pachana et al., 2007). Both
the GDS and GAI require participants to reply yes or no to a series of questions
regarding depression/anxiety symptoms (e.g., Do you feel your situation is hope-
less). The number of symptoms endorsed is summed, with higher scores reflect-
ing more symptoms.

Participant computer proficiency and attitudes questionnaires. Participants com-
pleted two questionnaires pertaining to their computer experience and atti-
tudes. The Computer Proficiency Questionnaire (CPQ; Boot et al., 2015)
requires participants to rate their ability to perform a variety of computer-
based tasks (e.g., using a printer, emailing, performing internet searches) on a
5-point scale (e.g., 1 = Never tried, 2 = Not at all able, 3 = Not very easily able, 4
= Somewhat easily able, 5 = Very easily able). An overall proficiency score was cal-
culated as the average rating (possible range = 1–5), with higher scores reflecting
greater overall computer proficiency. The Attitudes Towards Computers Ques-
tionnaire (ATCQ; Jay & Willis, 1992) includes subscales related to comfort, self-
efficacy, anxiety, interest, and perceived utility of technology. Statements (e.g.,
Computers make me nervous) are rated on a 5-point scale (e.g., 1 = strongly
agree, 2 = agree, 3 = neither agree nor disagree, 4 = disagree, and 5 = disagree
strongly), with higher scores reflecting more favourable attitudes towards com-
puters and technology.

Caregiver measures
Functional abilities. Caregivers completed two questionnaires about partici-
pants’ everyday functioning: the Functional Activities Questionnaire (FAQ;
Pfeffer et al., 1982) and the Everyday Cognition Scale (ECog; Farias et al., 2008).

Caregiver computer proficiency and attitudes questionnaires. Caregivers com-
pleted questionnaires on their own computer proficiency (CPQ), attitudes towards
computers (ATCQ), and open-ended questions about general technology use.

SmartPrompt configuration and evaluation. Caregivers were guided through a
brief 10–15-minute training during which they were familiarized to each of the
SmartPrompt features and were verbally guided through the steps required to
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programme and respond to alarms. Unlike participant training, caregiver train-
ing was not interactive, as caregivers were not given the opportunity to touch
the smartphone during the training. Following the research team’s demon-
stration of programming and responding to a test alarm, caregivers were pro-
vided with conceptual background on the design of the SmartPrompt to fill a
10–15-minute delay (see Supplemental materials). Following the delay, care-
givers were handed the smartphone and asked to complete an eight-item per-
formance-based quiz to evaluate retention of the training (see Supplemental
materials). Each step in the SmartPrompt configuration procedures was
reflected as an item on the quiz, which was scored as correct vs. incorrect.

SmartPrompt subjective usability-caregiver perspective. Caregivers also com-
pleted a modified “caregiver” version of the System Usability Scale [Caregiver
(C)-SUS] and an open-ended structured interview to qualitatively inform Smart-
Prompt modifications.

Analyses

Feasibility/training completion
To explore whether participants and caregivers could reasonably learn to use the
SmartPrompt, we maintained a record of any study discontinuations resulting
from inability to engage with the SmartPrompt, as well as percent completion
rates for the participant and caregiver training protocols. We also recorded care-
giver scores on the performance-based training quiz.

Efficacy
To investigate the hypothesis that the SmartPrompt is efficacious at promoting
everyday task completion, we plotted and compared task accomplishment and
checking behaviours from the Remember to Drink Test in the SmartPrompt con-
dition (SP) versus the Unprompted (Control) Condition (UP). Despite our small
sample size, we conducted ancillary analyses using Related Samples Wilcoxon
Signed Rank Tests because the SP task accomplishment and SP checking vari-
ables were not normally distributed. The magnitude of the differences
between the conditions (i.e., effect size) was estimated by calculating r (.10 =
small; .30 =medium, .50 = large).

Subjective usability
Descriptive analyses were performed for subjective usability outcomes, includ-
ing average scores on the P-SUS and C-SUS. C- and P- SUS scores of at least 70
suggest adequate usability (Bangor, 2009). Other variables were used to evalu-
ate usability qualitatively, including open-ended usability and feedback
questionnaires.
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Exploratory associations
To evaluate participant and caregiver features that may be associated with Smart-
Prompt efficacy and subjective usability ratings, bivariate correlation analyses were
used to explore relationswith the following variables: participant age, sex, education,
overall level of cognitive and functional impairment,mood, andcaregiver andpartici-
pant computer proficiency and technology attitudes. Supplemental analyses exam-
ined associations between efficacy variables and individual cognitive tests (in
addition to an overall cognitive composite). Pearson correlations were used when
both variables were normally distributed, whereas Spearman’s rank order corre-
lations were used when one or both variables were non-normally distributed.

Results

Participant and caregiver demographics

Individual-level data including key participant features, accomplishment rates,
and checking behaviours for each study participant are provided in Table 1.
All participants meeting eligibility criteria at screening were included in the
study and completed all study procedures. As shown in Table 2, participants
were on average 80 years old, and the majority identified as white and female,
with at least a high school education. Estimated IQ ranged from average (102)
to very superior (137). Caregivers were on average 68 years old and were of
similar demographics. The majority of caregivers were spouses of the participant
(40%), followed by adult children (30%). The remainder of caregiver relationships
included a paid caregiver, a friend, and a sibling.

Participants’ cognitive abilities were variable, with total Mini Mental State Exam
(MMSE) scores ranging from 17 (moderate dementia) to 30 (no dementia). See
Tables 1 and 2. Age, sex and education-adjusted T-scores of domain-specific cogni-
tive tests ranged from 19 (impaired) to 77 (very superior), with an average global
cognition T-score of 40 (average) and ranging from 23 (impaired) to 57 (average).
Caregiver-reported FAQscores ranged from0 (no functional difficulties) to 23 (func-
tional disability) and overall reports of changes in everyday cognition (ECog)
suggested mild decline and ranged from typical cognitive aging to the range of
MCI or mild dementia (Farias et al., 2011). Reported symptoms of anxiety (GAI)
and depression (GDS) were variable but fell within the average range overall.

Results of computer proficiency (CPQ) and technology (ATCQ) questionnaires
are shown in Table 3. Both participants and caregivers reported that they were
capable of using computers, though participants on average reported signifi-
cantly lower computer proficiency than caregivers [M CPQ = 3.74 for participants
vs. 4.77 for caregivers; t(9) = 3.30, p = .01]. Caregivers also expressed more favour-
able attitudes towards computers [M ATCQ = 4.45 for caregivers vs. 3.84 for par-
ticipants; t(9) = 4.14, p = .003], though both participants and caregivers reported
positive attitudes towards computers on average.
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Table 1. Participant individual level data: demographics, cognition, function, mood, accomplishment and checking.
ID Age Edu Sex Avg. Cognition (T )† FAQ ECog (total) GDS (T )† GAI % Accomplish (SP) Checking (SP) % Accomplish (UP) Checking (UP)

1 76 16 F 40 12 2.8 56 0 100 7 75 15
2 82 12 M 31 12 2.6 49 0 100 1 50 9
3 93 16 F 51 3 1.7 75 3 100 1 33 8
4 82 20 F 23 23 3.7 38 0 25 0 0 2
5 72 14 F 57 0 1.4 75 16 100 4 100 25
6 88 17 F 35 15 1.4 65 18 100 0 0 0
7 67 16 F 37 8 2.4 80 9 100 0 75 23
8 82 17 F 35 21 2.0 74 6 100 2 100 34
9 73 20 M 38 6 2.9 62 0 100 4 100 18
10 88 16 M 47 1 2.5 65 6 100 0 25 12
†T scores are corrected for age, sex, and education.
FAQ = Functional Activities Questionnaire; ECog = Everyday Cognition Questionnaire; GDS = Geriatric Depression Scale; GAI = Geriatric Anxiety Inventory; SP = Prompted Condition; UP =
Unprompted Condition.
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Feasibility/training completion

All participants were able to successfully use and interact with the SmartPrompt
during the brief training procedure. None of the participants discontinued their

Table 2. Descriptive characteristics (N = 10 Participants, N = 10 Caregivers).
Mean (SD) Range Maximum Score

Participant Demographics
Age 80.3 (8.2) 67–93 –
Education 16.4 (2.4) 12–20 –
Sex (% female) 70% – –
Race (% White) 80% – –
Caregiver Demographics
Age 68.0 (8.4) 57–84 –
Education 16.4 (3.1) 12–21 –
Sex (% female) 60% – –
Participant Cognition & Everyday Function
Calibration Estimated IQ* 119.2 (10.8) 102–137 140
MMSE- Raw 26.1 (4.2) 17–30 30
MMSE-T† 45.7 (17.6) 23–72 80
HVLT (Imm. Recall) – Raw 13.9 (5.0) 5–22 36
HVLT (Imm. Recall) – T† 30.9 (8.5) 19–44 80
HVLT (Delayed Recall) – Raw 3 (2.9) 0–10 12
HVLT (Delayed Recall) – T† 34.3 (9.1) 23–57 80
HVLT (Retention %) – Raw 49.2 (40.6) 0–125 1200
HVLT (Retention %) – T† 41.2 (15.7) 28–77 80
HVLT (Recog. Discriminability) – Raw 8.2 (3.6) 1–12 12
HVLT (Recog. Discriminability) – T† 42.9 (14.3) 19–62 80
Trail Making Test Part A (sec) 73.2 (32.4) 34–132 150
Trail Making Test Part A – T† 40.9 (14.1) 22–63 80
Trail Making Test Part B (sec) 209.0 (89.2) 65–300 300
Trail Making Test Part B – T† 40.8 (12.9) 29–71 80
Overall Cognition – Average T† 39.5 (9.9) 23–57 80
FAQ 10.1 (8.0) 0–23 30
ECog 2.3 (0.7) 1.4–3.7 4
Participant Mood and Anxiety Symptoms
Geriatric Depression Scale (GDS) 8.6 (5.9) 0–18 30
Geriatric Anxiety Inventory (GAI) 5.8 (6.7) 0–18 20

MMSE = Mini Mental State Exam; HVLT = Hopkins Verbal Learning Test; FAQ = Functional Activities Questionnaire;
ECog = Everyday Cognition Questionnaire.

*Note: Calibration Estimated IQ is based on Age, Sex, Education, and Hopkins Adult Reading Test.
†T scores are corrected for age, sex, and education. T-scores between 40 and 60 are considered to fall within the
average range.

Table 3. Technology questionnaire responses.
Computer Proficiency Questionnaire (CPQ – average score; max = 5)

Participant Caregiver
Mean (SD) Range Mean (SD) Range
3.74 (.82) 2.3–4.8 4.77 (.33) 4.0–5.0

Attitudes Towards Computers Questionnaire (ATCQ-average score; max = 5)
Participant Caregiver

Mean (SD) Range Mean (SD) Range
Overall 3.84 (.51) 3.1–4.9 4.45 (.46) 3.8–4.9
Comfort subscale 3.14 (1.04) 1.4–4.8 4.40 (.63) 3.0–5.0
Efficacy subscale 4.16 (.53) 3.6–5.0 4.46 (.52) 4.0–5.0
Computer Anxiety subscale 3.40 (.91) 2.4–5.0 4.20 (.71) 3.0–5.0
Interest subscale 4.22 (.53) 3.4–5.0 4.46 (.45) 4.0–5.0
Utility subscale 4.28 (.37) 3.8–5.0 4.74 (.51) 4.0–5.0

CPQ response options ranged from 0 (not at all proficient) to 5 (very proficient); ATCQ responses ranged from 0
(negative attitudes), 3 (neutral) to 5 (positive attitudes).
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participation in the study, and all were able to engage in the study procedures
with 9 out of 10 participants correctly responding to all alarms (100%) in the SP
condition and all 10 participants responding correctly to at least one alarm
(≥25% task accomplishment rate in the SP condition). Of note is that the partici-
pant with the lowest task accomplishment in the SP condition (25%) also had the
lowest level of cognitive ability in the study sample, with overall average cogni-
tive test scores falling nearly three standard deviations below average (Partici-
pant #4, Table 1).

All caregivers successfully completed the SmartPrompt training procedures.
On the performance-based quiz, caregivers earned an average score of 97.6%,
with only two caregivers omitting the final step to hit the close button after
saving the alarms (i.e., one quiz step out of 8 total steps), resulting in a score
of 88% for these two caregivers and 100% for the remainder. These results indi-
cate that all caregivers were able to successfully programme the SmartPrompt
independently after a single training session lasting less than 20 minutes.

Efficacy: Accomplishment, checking, and associations between
accomplishment and checking

Accomplishment scores and total checking behaviours for each participant in the
SP and UP conditions are reported in Table 1. None of the 10 participants
obtained a lower accomplishment score on the Remember to Drink Test in the
SP condition as compared to the UP condition. Three participants obtained a
perfect score (100%) in the UP condition and showed no difference between
the UP and SP conditions, likely due to ceiling effects. All other participants (n
= 7) who obtained less than perfect accomplishment scores in the UP condition
obtained a higher accomplishment score in the SP condition. An ancillary Wil-
coxon signed-rank test indicated that a significantly higher percentage of
tasks were accomplished in the SP condition (Mdn = 100) as compared to the
UP condition (Mdn = 62.50), n = 10, Z = 2.38, p = .017, as displayed in Figure 3.
Calculation of the effect size also showed the magnitude of the accomplishment
score difference between the SP and UP conditions was large (r = 0.53).

Checking behaviours (i.e., total number of checks to the list and clock cues)
showed a similar pattern. All participants, except one who exhibited no checking
behaviour in the UP condition, exhibited less checking in the SP condition. In
fact, checking behaviours reduced by 87% in the SP condition, as shown in
Figure 4A. An ancillary Wilcoxon signed-rank test showed the difference
between checking behaviour in the SP (Mdn = 1) and the UP (Mdn = 13.5) was
statically significant (n = 10, Z = 2.67, p = .008), and the effect size was large (r
= 0.60). Further, as shown in Figure 4B, the distribution of checking behaviours
within each condition (SP and UP) indicated that participants made a greater
proportion of checks to the clock cue as opposed to the list cue in both
conditions.
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Correlations were conducted to first examine whether checking behaviours
were helpful in obtaining higher task accomplishment. There was a significant
and strong associationbetweencheckingand task accomplishment in theUPcon-
dition (r = .89, p < .001) such that individuals who engaged in more checking
behaviour in the UP achieved higher task accomplishment in the UP. This relation
wasnot observed in the SP condition- checkingbehaviourwas not associatedwith
task accomplishment when participants were using the SmartPrompt (rs = .36, p
= .305). Further, the difference between the SP and UP checking x accomplish-
ment correlation coefficients was statistically significant (z = 2.31, p = .01).

Associations between participant features and efficacy outcomes

Correlation analyses were performed to determine whether participant demo-
graphic and clinical features (Supplemental Table 1) and cognitive abilities (Sup-
plemental Table 2) were associated with performance on the Remember to Drink
Test in the SP and UP conditions. There were no statistically significant associ-
ations between participant features and task accomplishment in the SP condition.
However, in the UP condition, a significant association was found between task
accomplishment and age (r =−.68, p = .029), as well as episodic memory abilities
(r = .81, p = .005), such that older adults and those with poorer episodic memory

Figure 3. Average percent accomplishment in the SmartPrompt (SP) versus Unprompted (UP)
condition.
Notes: Error bars reflect 95% confidence intervals. *related-samples Wilcoxon Signed Rank test: n = 10, Z = 2.38,
p = .017, r = 0.53.
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abilities accomplished fewer tasks in the UP condition only. A significant associ-
ation alsowas found between checking behaviours and episodicmemory abilities
in the UP (r = .76, p = .012), such that participants with stronger episodic memory
engaged in more checking behaviour.

We also were interested in understanding whether computer proficiency and
attitudes influenced performance with the SP. These relations were not of inter-
est for the UP condition. As shown in Supplemental Table 1, associations
between efficacy outcomes in the SP condition and computer attitudes
(ATCQ) and proficiency (CPQ) were not statistically significant.

Subjective usability

Participant (P-SUS) and Caregiver (C-SUS) usability questionnaires obtained at the
end of the study visit indicated that participants and caregivers viewed the Smart-
Prompt favourably, with mean Participant-SUS ratings of 67.22 (Good range) and
mean Caregiver-SUS ratings of 86.75/100 (Excellent range). Supplemental Table 3
includes individual-level Participant- and Caregiver-SUS ratings.

Figure 4. Panel A. Total checking count in the SmartPrompt (SP) versusUnprompted (UP) condition.
Notes: Error bars reflect 95% confidence intervals. Panel B. Proportion of checking behaviour to the clock and the list in
the SmartPrompt (SP) andunprompted (UP) conditions. *related-samplesWilcoxon SignedRank test:n = 10, Z = 2.67,p
= .008, r = 0.60.
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Correlations were performed to determine whether participant features and/
or performance with the SP were associated with usability ratings on the Partici-
pant-SUS (Supplemental Table 4). Participant global cognition was significantly
associated with Participant-SUS ratings (r = .66, p = .04), such that participants
with higher cognitive functioning assigned higher Participant-SUS ratings. We
suspected that participants who were more successful with the SP would
report higher usability ratings; however, the relation between the Participant-
SUS and SP Accomplishment was not statistically significant, and the relation
with SP checking behaviour was in the unexpected direction, such that partici-
pants who engaged in more checking behaviour in the SP assigned more favour-
able usability ratings (rs = .70, p = .02). All other correlations with Participant-SUS
ratings were not statistically significant.

We also explored relations between Caregiver-SUS ratings and caregiver fea-
tures (e.g., caregiver age, education, computer proficiency or technology atti-
tudes), but all correlation coefficients were not statistically significant (see
Supplemental Table 5).

Supplemental free responsedata fromcaregivers collected in response to inter-
viewquestions including “Was there anything that you did not like about the Smart-
Prompt?” indicated that 6/10 caregivers replied “No,” suggesting that themajority
of caregivers had no critiques about the SmartPrompt. Of those that did have cri-
tiques, comments focused on the alarm sound (e.g., some stated the soundwould
be annoying and confusing, or simply that the soundwas aversive), as well as one
caregiver who thought the SmartPrompt was too cumbersome and included too
many steps. Other suggestions included increasing the font size for the numbers
displayed when setting the alarm times. Responses to other open-ended ques-
tions, such as “Do you have any comments about the SmartPrompt?” or “How
could we change the SmartPrompt to be more useful to you/the participant?”
included suggestions for increased customization (e.g., personalized alarm
sounds, use of favourite colours, phase in levels of support based on level of
impairment), remote scheduling of recurring alarms, reward enhancements
(e.g., vibrating feedback), and support for iOS (Apple’s operating system) and
wearable devices. Examples of positive feedback included that the SmartPrompt
was “very intuitive” and that the font/buttons were large and clear. One caregiver
commented that “the interface is somewhat basic, but this may be a good thing
because it is not distracting.” Another noted that “with reminders, he [the partici-
pant] could do things without error.” Some concerns that were raised included
consideration of tasks that do not lend themselves to photo logging (e.g., remem-
bering to use catheter) and doubts that older adults with memory difficulties can
keep their smartphones charged. Finally, responses to the question “Are there any
tasks, other than drinking, for which the SmartPrompt might be helpful?” indicated
that caregivers believed the SmartPromptwould be useful for the following every-
day tasks: checking glucose monitors, checking blood sugar, mealtime, nap time,
medications, and appointments.
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Discussion

There is a dearth of empirical data on the use of smartphone applications for
improving daily functioning for individuals with dementia and reducing burden
among their caregivers. The results of this pilot study yielded essential fundamental
informationon the feasibility, efficacyand subjective usability of smartphone-based
reminder applications. Specifically, we demonstrated that the SmartPrompt appli-
cation, which was designed according to a neuropsychological model of everyday
action impairment and was tested following minimal participant and caregiver
training, shows promise as a tool to improve everyday task completion and
reduce inefficient checking behaviours in older adults with cognitive impairment.

Feasibility testing (i.e., examination of training completion rates) demon-
strated that after less than 20 minutes of training, all caregivers learned to
configure the SmartPrompt application and all participants learned to respond
to the SmartPrompt without demonstrating overt frustration or requesting dis-
continuation. Efficacy testing using a controlled laboratory task (Remember to
Drink) revealed that participants completed significantly more tasks with the
SmartPrompt (SP) than without it (UP). In fact, every participant completed the
same or a greater number of tasks in the SP vs. UP, indicating that the process
of introducing a novel technological device did not detract from task accom-
plishment among any participant.

Checking behaviour significantly decreased (by 87%) in the SP, suggesting
that the SmartPrompt effectively reduced inefficiencies in task completion and
allowed allocation of additional cognitive resources to the task at hand. When
the SmartPrompt was unavailable to alert, remind and reward participants for
task completion (UP condition), checking behaviours assumed a compensatory
role and were strongly associated with task accomplishment. On the other
hand, checking behaviour was unrelated to task accomplishment in the SP,
suggesting that checking was unnecessary to facilitate task completion with
the SmartPrompt. We also observed that the SmartPrompt did not change the
nature of checking behaviours; in both conditions, participants spent a greater
proportion of time checking the clock cue versus the list cue. This observation
supports the importance of time-base cues, as participants sought greater assist-
ance with monitoring the time but may have felt more confident about their
ability to remember the list of predetermined times.

Subjective usability ratings were fair among participants, and were excellent
among caregivers. Qualitatively, caregivers reported overall positive impressions
of the SmartPrompt, felt the SmartPrompt would be useful for their loved ones,
and provided a range of insightful recommendations. Caregivers achieved near
perfect scores on the configuration quiz and responded well to training,
suggesting the SmartPrompt could be easily translated to real-world settings
where caregivers would independently programme and monitor task com-
pletion using the SmartPrompt.
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We also aimed to explore whether known factors that influence everyday
function were associated with the efficacy of the SmartPrompt. We saw that in
the UP condition, age and episodic memory ability were significantly associated
with task accomplishment such that older participants and those with poorer
episodic memory accomplished fewer tasks without the SmartPrompt. This
finding is in line with well-established, age-related declines in everyday function-
ing and associations between episodic memory and everyday function that we
observe even in healthy aging. The significant, specific association between epi-
sodic memory and accomplishment in the unprompted condition suggests that
the SmartPrompt may be most beneficial for individuals who have difficulties
with everyday tasks due to memory impairment (i.e., anterograde amnesia),
possibly because they fail to recall the task objectives, lose track of time, have
difficulty imaging the future, or some combination of these difficulties.

Importantly, however, we did not observe the associations between age or
episodic memory and task accomplishment in the SP condition, suggesting
that the supportive features of the SmartPrompt facilitated task performance
for all participants, regardless of age and episodic memory ability. However,
inspection of individual-level data showed one outlier, with the lowest level of
overall cognitive function in the entire sample, who failed to accomplish any
tasks without prompting and showed better but still very low accomplishment
(25%) with the SmartPrompt. This individual responded correctly to the first
alarm in the prompted (SP) condition and used the SmartPrompt application cor-
rectly. However, she completely ignored the three subsequent alarms. This
failure pattern suggests that individuals with moderate-level cognitive impair-
ment may require additional training with the SmartPrompt or may require a
more salient and explicit auditory alert or verbal command in order to orient
attention to the smartphone (e.g., “Mary! Look at your phone now”). Salient
and explicit alerting alarms may be even more critical in the home setting
where multiple electronic devices may make similar sounds and compete for
an individual’s attention, ultimately leading to a failed SmartPrompt response.

Cognitive abilities were significantly associated with participants’ usability
ratings, such that participants with higher cognitive functioning assigned
more favourable usability ratings. Qualitative analysis of SUS responses
showed participants with lower cognitive abilities indicated lower confidence
in their ability to use the SmartPrompt independently (i.e., “I think I would
need the help of a technical person to use the SmartPrompt”). This may
suggest that traditional usability questions are less appropriate for individuals
with cognitive impairment who may overestimate or underestimate their true
abilities. In sum, although participants with greater cognitive difficulties report
lower subjective usability ratings, the efficacy of the SmartPrompt is unrelated
to level of cognitive impairment and usability ratings, deeming the SmartPrompt
applicable to a wide range of individuals at various levels of cognitive ability and
despite their subjective impression of the application.
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Also surprising was the lack of significant associations between computer
proficiency/attitudes and SmartPrompt efficacy and usability outcomes, as we
expected more experience with computers and more favourable attitudes
towards technology to predict greater task accomplishment and higher usability
ratings on the SmartPrompt (Evans et al., 2020; Roque & Boot, 2018). As the older
adult population gains increasing exposure to technology (Mobile Fact Sheet,
2019; Wagner et al., 2010), concerns about low technology proficiency and nega-
tive or suspicious attitudes towards technology will be less concerning for inter-
vention devices. Nonetheless, the current population of older adults includes
those who are new computer and smartphone users, who did not grow up
with this technology. For these individuals, it is important to continue to learn
about potential barriers to successful adoption of tools like the SmartPrompt
so we can continue to modify and make them more amenable. Efficacy data
such as these, showing the benefits of assistive technologies even among indi-
viduals with cognitive difficulties and low computer proficiency, might be helpful
in convincing skeptical individuals to adopt new and unfamiliar devices.

It is important to acknowledge several study limitations. First, the Smart-
Prompt was tested in a highly controlled setting with a single, prototype
(Android) smartphone; consequently, the effectiveness of the SmartPrompt in
individuals’ home settings with their own personal smartphones remains
unknown. Second, the sample size was small, and although appropriate for
pilot studies and usability testing (Billingham et al., 2013; Faulkner, 2003; March-
etti & Schellens, 2007), offered limited power to detect effects in correlation ana-
lyses, which should be interpreted as exploratory and require replication. Finally,
the SmartPrompt alarm and reward features were the same for all participants;
even greater efficacy and subjective usability might have been achieved if the
SmartPrompt was customized for each person.

It is also worth highlighting several notable strengths of the SmartPrompt
design and the present study, which differentiate the SmartPrompt from other
available phone-based reminder applications. First, the SmartPrompt design is
grounded in an empirically based framework which, as Seelye et al. (2012)
note, is lacking in the prompting technology literature. These theoretically-
driven features address multiple cognitive targets simultaneously (e.g., lack of
motivation, prospective and episodic memory, etc.) and to our knowledge
have not been incorporated into existing alarm applications. These include
repeated prompts until the user acknowledges the alarm, requirement to log
photo proof of task completion, and motivational rewards upon task completion.
The second strength of the SmartPrompt is that it can be used with commer-
cially-available smartphones, eliminating the need to learn to use an unfamiliar
device and also likely leading to increased adoption among older adults who
might be concerned about social stigma associated with obtrusive adaptive
devices, privacy, and cost (Beringer et al., 2011; Courtney, 2008; Hedman et al.,
2016; Kenigsberg et al., 2019). Relying on individuals’ personal smartphones in

NEUROPSYCHOLOGICAL REHABILITATION 21



the next phase of our study also should decrease training time associated with
learning unfamiliar, basic phone controls (e.g., volume, power, etc.). In an
attempt to address a common barrier of technology use among older adults,
namely complex interfaces (Kenigsberg et al., 2019), the SmartPrompt design
consists of a very simple interface with large text and “buttons,”which is believed
to result in higher efficacy and acceptance levels (Seelye et al., 2012). The current
study design also has several strengths, including a control condition, which
allowed us to examine the incremental effect of the SmartPrompt on behaviour.
The use of a real-world, important everyday task (i.e., hydration) to test the
SmartPrompt increases the ecological validity of the results. Finally, the collec-
tion of qualitative free-response data, consideration of individual features that
may influence outcomes, and feedback from both participants and caregivers
yielded valuable information that is being used to improve the design of the
SmartPrompt for a future larger scale study.

Future directions include continued investigation of the SmartPrompt in a
longitudinal intervention study with a larger sample size (Stage I Feasibility
with AB/BA crossover design) that will take place in participants’ homes using
their own personal smartphone devices. Importantly, participants and their care-
givers will identify a custom everyday task that is relevant to their lives and which
participants currently have difficulty completing independently, thereby extend-
ing the task repertoire of the SmartPrompt beyond hydration to other ecologi-
cally valid and personally meaningful tasks that, if completed independently,
are more likely to promote self-esteem and quality of life. Similar outcomes of
efficacy and subjective usability will be explored. In addition, we are interested
in learning whether the SmartPrompt alleviates caregiver burden over the
extended study duration, whether participants’ procedural knowledge of how
to use and respond to the SmartPrompt can be sustained over a longer study
period, and whether the SmartPrompt can successfully facilitate task accomplish-
ment as it did in a controlled laboratory setting but within a home environment
where everyday distractions are more abundant. Preliminary testing of a touch-
screen prompter used by individuals with dementia and their caregivers in the
home has shown promising results (Harris et al., 2020); however, it is unclear
whether the design of this particular prompting device included the important
elements of nudges and photo logging, which may prove vital in everyday con-
texts that are less structured and more unpredictable. Increasingly rigorous
methods of analyzing qualitative interview data from participants and caregivers,
such as Thematic Analysis, will be used (Evans et al., 2020), and we will continue
to incorporate user feedback into the ongoing development and evaluation of
the SmartPrompt according to a user centred approach (Schulz et al., 2015). In
fact, our team has already made substantial changes to the design of the Smart-
Prompt based on participant and caregiver feedback from the present study,
including further customization of the interface and rewards. With personaliza-
tion as a major priority, we have incorporated the option for customized

22 K. HACKETT ET AL.



rewards (e.g., participant’s favourite song to play when they accomplish all daily
tasks), as well as customized audio and visual alarm features (i.e., custom audio
recording using a familiar voice in place of a standardized alarm sound, and
display of a personal photo depicting the participant’s everyday task objects
to provide additional semantic and visual cues). These suggested modifications
are in line with principles of cognitive rehabilitation theory and are likely to
better capture the attention of users and improve the effectiveness of the
prompt (Seelye et al., 2012). In addition, we have integrated more overt
flexible response options so that the participant will have the ability to defer
task completion to a later timepoint (i.e., 10–15 minutes) if they are currently
engaged in another task, which we believe will reduce the potentially disruptive
nature of SmartPrompt alerts within the home and increase the chances that
target tasks are carried out when participants are not distracted.

Additional future directions farther down the line include translating the
guiding functionality of the SmartPrompt from primarily time-based to
context-aware, as we move from testing of a simple predetermined task in the
lab to more complex tasks within the home. This may possibly involve integrat-
ing with global positioning service (GPS) and other smart-home sensors to
deliver prompts at increasingly nuanced and crucial timepoints based on contex-
tual information (Seelye et al., 2012). Additional customization in terms of gradu-
ated levels of assistance is another area of consideration, where the content
provided by the SmartPrompt would depend on the degree of cognitive and
functional impairment. This approach would avoid the erosion of skills and abil-
ities through disuse and would facilitate cognitively effortful engagement that
may be more effective for individuals with less severe cognitive impairment,
enhance subjective usability, and further promote individual autonomy and
dignity (Le Dorze et al., 2014; Schulz et al., 2015; Seelye et al., 2012).

Note

1. The term efficacy is used as recommended in the clinical trial literature, where efficacy
refers to testing the result of an intervention under ideal circumstances (i.e., laboratory
setting), whereas effectiveness refers to testing in the “real world” (Gartlehner et al.,
2006). However, our use of the term “efficacy” is consistent with the International
Organization for Standardization (ISO) definition of “effectiveness,” which refers to
the accuracy, completeness and lack of negative consequences with which users
achieved the specified goals of a device or technology (Bevan et al., 2016).
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