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Abstract

Background: Compensatory aids can help mitigate the impact of progressive cognitive 

impairment on daily living.

Objective: We evaluate whether the learning and sustained use of an Electronic Memory and 

Management Aid (EMMA) application can be augmented through a partnership with real-time, 

activity-aware transition-based prompting delivered by a smart home.

Methods: Thirty-two adults who met criteria for amnestic mild cognitive impairment (aMCI) 

were randomized to learn to use the EMMA app on its own (N = 17) or when partnered with 

smart home prompting (N = 15). The four-week, five-session manualized EMMA training was 

conducted individually in participant homes by trained clinicians. Monthly questionnaires were 

completed by phone with trained personnel blind to study hypotheses. EMMA data metrics were 

collected continuously for four months. For the partnered condition, activity-aware prompting was 

on during training and post-training months 1 and 3, and off during post-training month 2.

Results: The analyzed aMCI sample included 15 EMMA-only and 14 partnered. Compared 

to the EMMA-only condition, by week four of training, participants in the partnered condition 

were engaging with EMMA more times daily and using more basic and advanced features. These 

advantages were maintained throughout the post-training phase with less loss of EMMA app use 

over time. There was little differential impact of the intervention on self-report primary (everyday 

functioning, quality of life) and secondary (coping, satisfaction with life) outcomes.

Conclusion: Activity-aware prompting technology enhanced acquisition, habit formation and 

long-term use of a digital device by individuals with aMCI. (ClinicalTrials.gov NCT03453554).
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INTRODUCTION

Declining memory, attention, and executive abilities can negatively impact the initiation and 

accurate completion of daily activities (e.g., cooking, managing medications) in individuals 

with amnestic mild cognitive impairment (aMCI). To mitigate these effects, research has 

shown that individuals with aMCI can learn to use paper-pencil and electronic calendars and 

memory notebooks to assist with scheduling, planning, and carrying out daily activities 

independently (e.g., [1–4]). However, teaching a memory-impaired individual to use a 

memory notebook takes time and using the notebook is itself a memory exercise [5]. 

Developing a habit of consistently using the notebook is usually accomplished through 

reminder prompts, which can come from a care-partner, a time-based alarm, or mental 

link with an aspect of the individual’s routine (e.g., meals). If an individual with memory 

impairments does not over-learn the process of using the memory notebook, the use of the 

compensatory tool will be forgotten or additional burden placed on a care-partner to prompt 

for notebook use. In this pilot study, we evaluate whether partnering a digital memory 

notebook application with a smart home that delivers context-aware reminder prompts can 

enhance acquisition and longer-term use of the aid in individuals with aMCI.

Change in ability to efficiently and independently complete everyday tasks is associated 

with disease progression in individuals with aMCI, and recent work suggests compensation 

use can delay transition to dementia [6, 7]. Although a variety of technology-assisted tools 

are being recommended as compensatory aids for individuals with aMCI (e.g., Penultimate, 

Touch Calendar, Cozi), these aids are not being widely adopted by the growing population 

of older individuals with cognitive deficits. A study by Collerton and colleagues (2014) 

found that, although older individuals living in supported accommodations were curious 

about electronic aids, the aids were viewed as too complicated and not easily adapted to 

their needs [8]. Furthermore, assistance from others was necessary to prompt compensatory 

aid use. Other obstacles that have been found to reduce adoption of technology-assisted 

tools by older individuals include complex interfaces, small font, poor contrast, and lack of 

training support [9–12]. It has also been argued that technology-assisted tools should support 

multiple functions, such as initiation of activities, recall of appointments, organization, 

goal-setting, and self-monitoring of progress [13, 14].

To tackle some of these challenges, we created a mobile application (app) that builds on 

practice-standard rehabilitation intervention methods. The app was created through iterative 

participatory design with older individuals with cognitive impairment and runs on a tablet 

with a keyboard attachment [2, 15, 16]. In earlier papers, the app was referred to as the 

Digital Memory Notebook [2, 15, 16]. The app name has been changed to EMMA, for 

Electronic Memory and Management Aid. The EMMA app is a comprehensive, “all-in-one” 

organizational tool and memory aid. EMMA’s tablet interface includes large font, simple 
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icons, text support, simple color contrast, and consistency across features, making it user-

friendly and intuitive to use for individuals with cognitive impairment and limited comfort 

with technology [15]. Prior recorded information can also be easily located with search 

features. The app records usage metrics facilitating real-time tracking and use analysis. 

Furthermore, the utility of the EMMA app and the manual-based intervention for improving 

everyday functioning and life satisfaction is supported by our earlier case study work, 

which demonstrated positive post-intervention effects on daily functioning, coping, and life 

satisfaction in individuals with memory impairment [2].

Data indicate individuals with memory impairment can perform daily tasks more 

consistently when prompted [17–19]. For example, prompting technologies (either alone 

or when combined with another aid) have been shown to decrease errors in daily living 

activities and increase independence, activity engagement, and adherence to instructions in 

individuals with MCI and cognitive impairment [19–21]. Most prompting systems require 

reminder prompts to be manually scheduled, typically based on time [22, 23]. Although 

hourly time-based reminders can support use of electronic devices like EMMA, they are 

only practical for short periods due to the frequent interruptions that may become annoying 

and occur at inconvenient times. Furthermore, a time-based prompt delivered when the 

person is taking a nap or actively engaged in an activity will likely be ineffective and can 

contribute to resistance to their use. Similarly, a prompt delivered after the individual has 

already completed the task may result in frustration. Although location-based prompting 

provides some contextual input, researchers have found that incorporating information about 

the current activities people are engaged in reduces the limitations of prompting systems 

[21, 24, 25]. For example, compared to time-based prompting, activity-based context-aware 

prompting helped people remember to take their medications and increased treatment 

adherence [26, 27]. Similarly, activity-aware transition-based timing of queries resulted in 

more responses by older adults to the queries compared to random prompting [28]. Notably, 

it has been argued that to provide adaptive prompting support, devices must incorporate 

activity recognition and be context-aware [21, 29].

To enhance use of the EMMA app, we pair it with smart home technology that provides real-

time, context-aware, transition-based prompting. Most applications of smart technologies 

for health assistance have focused on a narrow set of tasks or have been performed in 

controlled laboratory settings and do not couple smart environment contributions with other 

technological healthcare innovations [30–32]. Our smart home in a box (CASAS SHiB) 

collects ambient sensor data in the home while residents perform normal daily routines [33]. 

We have designed machine learning methods to model and recognize daily activities (e.g., 

cooking, grooming) in real-time from streaming sensor data [34, 35]. We have also designed 

methods to detect change points that represent transitions between activities, allowing us to 

boost activity recognition and deliver prompts to individuals at opportune times that do not 

interrupt critical tasks [28, 36]. Receiving prompts during activity transitions also reduces 

cognitive load and disruption to an ongoing task and an individual’s normal routine for an 

activity.

In this pilot clinical trial, we evaluated a partnership between EMMA and a smart home. 

Half of the study participants with aMCI were randomly assigned to learn to use the EMMA 
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app alone, while the other half had their homes turned into smart homes and learned to use 

the EMMA app in partnership with prompting from the smart home. The EMMA training 

protocol uses a structured interactive format, which was modeled after early memory 

notebook work by Sohlberg and Mateer (1989), and includes didactics, skills training, goal 

setting, problem-solving, and supportive bonding with a clinician [37]. Clinicians worked 

individually with each study participant in their own home over a period of five to six 

sessions within a one-month time frame. The training manual used exercises and images 

with gradual instructions to assist individuals with aMCI in learning to use the app. All 

participants received several days of hourly time-based prompts following training session 

two to begin to create an overlearned habit of using the EMMA app. Participants in the 

partnered condition then received context-aware transition-based prompts to use the EMMA 

app after periods of non-use during the remainder of the EMMA training phase (weeks 1–4). 

For the post-training phase, prompting was left on in month one (weeks 5–8), turned off in 

month two (weeks 8–12), and then turned back on in month three (weeks 13–16).

For aMCI participants in the partnered condition, the automated activity-aware prompting 

was expected to improve use of EMMA by utilizing the individual’s own routine to provide 

context for delivery of prompts in the real-world setting. Throughout the training and 

post-training phases, the EMMA app continuously collected data metrics about use. We 

hypothesized that participants who learned to use the EMMA app with the assistance 

of the smart home prompts would learn to use the notebook more quickly and use it 

more often than those who did not have access to the smart prompting technology. We 

further hypothesized that removal of the smart home/EMMA partnership in month two 

post-training would result in decreased EMMA use and entries and that reinstating the smart 

home/EMMA partnership in month three post-training would again increase EMMA use. 

Because prompting was expected to support frequent and regular notebook use, thereby 

reducing everyday retrospective and prospective memory difficulties, we also hypothesized 

that we would see greater post-intervention improvements in self-report ratings of functional 

independence, quality of life, coping, and life satisfaction in the partnered compared to the 

EMMA-only condition.

METHODS

Participants

Participants were community dwelling older adults, age 50+, who met criteria for aMCI. 

Participants were recruited in eastern Washington and northern Idaho between June 2018 

and October 2019 using a variety of methods, including physician referrals, brochures/flyers 

hung in public spaces (e.g., doctors’ offices, libraries), advertisements placed in media (e.g., 

newspaper, websites), and from a pool of participants involved in prior studies. Participants 

initially completed a clinical telephone interview. The telephone interview included a brief 

cognitive screen (i.e., Telephone Interview of Cognitive Status [TICS]) and questions about 

medical history to rule out potential participants who were likely to meet criteria for 

dementia or for whom cognitive difficulties could be the result of an alternate medical 

or psychiatric condition (e.g., head injury, schizophrenia, substance abuse) [38]. Individuals 

who were too cognitively impaired to give their own informed consent or did not speak 
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English fluently were also excluded following the interview. Furthermore, to move forward 

to testing, participants needed to be aware of their memory difficulties, express a desire for 

treatment, and have adequate visual, motor and auditory acuity to allow for memory skills 

training.

Figure 1 illustrates the flow of individuals through the study. Seventy-six individuals were 

screened. Forty-four individuals were tested to determine whether they met diagnostic 

criteria for aMCI. aMCI was defined based on Petersen (2004) criteria and included: 

(a) self- or informant-report of memory complaint for 6 or more months, (b) objective 

cognitive impairment in the memory domain, taking into account estimated premorbid 

ability; observed scores generally fell 1.5 standard deviations below appropriate norms, 

(c) did not meet criteria for the Diagnostic and Statistical Manual of Mental Disorders 

Major Neurocognitive Disorder (DSM-5), and (d) absence of severe depression at start 

of intervention (GDS < 10) [39]. Following standardized testing, 9 of the 44 participants 

did not meet criteria for aMCI and 3 additional participants decided not to pursue the 

intervention after eligibility was established due to either hospitalization (N = 1), hectic 

schedule (N = 1), or a nearing move from the area (N = 1). Due to an unexpected delay 

with elements of the smart home, the first 5 eligible participants were assigned in block to 

the EMMA-only condition and the next 5 eligible participants to the partnered condition. 

With the exception these participants, following a simple randomization allocation sequence 

generated by a computerized random number generator, the study lab manager assigned 

each of the remaining 22 participants who agreed to participate to either learn to use the 

EMMA app on its own (N = 12) or when partnered with smart home prompting (N = 10). 

All testing and intervention sessions were completed within the homes of study participants. 

Participants were either not taking nootropic medication or were on a stable dose of such 

medication throughout the duration of the study. The study was reviewed and approved by 

the Washington State University Institutional Review Board.

Measures

Cognitive assessment—Participants were administered the Repeatable Battery for the 

Assessment of Neuropsychological Status (RBANS), a screening tool that assesses five 

cognitive domains: Immediate Memory, Visuospatial/Constructional, Language, Attention, 

and Delayed Memory [40]. The RBANS provides a standard score for each cognitive 

domain and for global cognitive status. Premorbid ability level was estimated using the 

Weschler Test of Adult Reading [41]. Executive functioning was assessed with the Delis-

Kaplan Executive Function System (DKEFS) Letter Fluency and Design Fluency subtests 

[42]. The Timed Up and Go task was administered as a mobility screen [43]. For a complete 

description of the administered measures, see Table 1. All measurement instruments have 

demonstrated reliability and validity [44].

Scheduling tools and technology use—The 5-item Scheduling Tool Use 

Questionnaire (STUQ) was developed for this study (Cronbach’s α = 0.93) and assesses 

participants’ agreement with statements related to the use of scheduling tools and reminders 

(e.g., “I feel that scheduling tools and reminders help me stay organized”). Questions 

are rated on a Likert rating scale from 1 (“Strongly Disagree”) to 7 (“Strongly Agree”), 
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with higher scores indicating more positive perceptions of scheduling tools. The 5-item 

Technology Comfort Questionnaire (TCQ) was administered to examine technology self-

efficacy [45]. Participants rate statements related to technology use (e.g., “I am generally 

comfortable with technology”) on a Likert Scale from 1 (“Strongly Disagree”) to 7 

(“Strongly Agree”). Higher scores on the TCQ (Cronbach’s α = 0.88) reflect greater 

technology comfort.

Primary outcomes: EMMA data metrics—Primary outcome measures included daily 

metrics captured by the EMMA app. For data analyses, the daily data metrics were averaged 

across each of the 16 weeks of the study.

Distinct uses.: This variable represents the number of different times each day that the 

participant interacted with the EMMA app. At least 5 minutes of no interaction had to occur 

for an interaction with EMMA to be considered a distinct use.

Basic uses.: This variable represents user interactions with aspects of the EMMA app that 

would be considered basic use features. These included interactions (i.e., create, view, edit, 

and delete) participants engaged in with functions related to the to-do list, calendar, note 

and journal sections, help, event scheduling, profile page and when checking off completed 

events.

Advanced uses.: This variable represents interactions with aspects of the EMMA app 

that would be considered advanced features. These included using the search and picture 

features, setting reminders and high priority events, and setting repeated events.

Primary outcomes: Self-report measures

Quality of Life – Alzheimer’s Disease (QoL-AD).: The QoL-AD is a 13-item measure that 

asks participants to rate different aspects of their life (e.g., physical health, memory) on a 

Likert scale from 1 (“poor”) to 4 (“excellent”), with higher scores reflecting better quality of 

life [46]. While the QoL-AD measure has been used in several MCI intervention studies [1].

Instrumental Activities of Daly Living – Compensation (IADL-C).: The IADL-C is 

a 27-item self-report measure of everyday functioning [47]. Respondents rate the degree 

to which they can accomplish various IADLs on an 8-point Likert scale ranging from 1 

(“independent, no aid”) to 8 (“cannot complete this activity anymore”). Higher scores on this 

measure reflect greater difficulty with completing everyday tasks. To reduce the potential 

for negatively penalizing participants for using an aid as a result of the intervention to 

improve everyday functioning, the scale was recoded from 1–7, with a “1” being coded 

for both “independent, no aid” and “independent; use and aid to assist”. The IADL-C can 

differentiate healthy older adults from older adults with MCI, has good internal consistency 

(Rasch reliability 0.80–0.93), and exhibits test-retest reliability (Spearman Coefficient 0.91) 

[47].

Secondary outcomes—These measures assess more specific aspects related to quality of 

life.
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Coping Self-Efficacy Scale (CSE).: The CSE is a 13-item measure in which respondents’ 

rate how confident they are that they can do things to cope when they are having problems 

[48]. Ratings are on an 11-point Likert scale, ranging from 0 (“cannot do at all”) to 10 

(“certain can do”), with higher scores reflect greater self-efficacy in coping abilities. Internal 

consistency and test-retest reliability are strong [48].

Satisfaction with Life Scale (SWLS).: The five-item SWLS asks participants to rate their 

agreement with questions that address satisfaction with life (e.g., “the conditions of my 

life are excellent”) on a 7-point Likert scale, ranging from 1 (“extremely dissatisfied”) to 

7 (“extremely satisfied”) [49]. The SWLS has been shown to be a sensitive measure for 

detecting change in life satisfaction following an intervention and has demonstrated good 

test-retest reliability (0.85) [50].

Procedure—Table 2 provides a timeline of methods and data collection for participants 

in both conditions. Clinical testing to establish eligibility utilized a battery of cognitive 

and motor tests along with questionnaires (see Cognitive Assessment section) that took 

approximately 1.5 to 2 hours to complete. The clinical battery was re-administered 

approximately 5 months later to assess for changes in cognition across time. Testers who 

collected the clinical assessment data were blind to study hypotheses and condition. After 

completing the initial clinical assessment, participants who met study eligibility, agreed to 

participate, and were allocated to the partnered condition had their homes turned into smart 

homes using our smart home in a box (SHiB) [33, 51]. Ambient sensors were installed 

throughout the house, including narrow and wide-area infrared motion, magnetic (door) 

contact, light level, and temperature level sensors. These sensors provide information about 

movement throughout the home, opening and closing of doors and cabinets, and heat and 

light level changes.

To provide the smart home time to capture activity level, learn participant routines, and 

provide accurate labels for everyday behaviors (e.g., cooking, grooming), one month of 

data monitoring occurred prior to the start of EMMA training. We used our activity 

recognition (CASAS-AR) and discovery (CASAS-AD) machine learning algorithms to 

recognize activities in real-time and provide context for prompting EMMA use [52, 53]. 

In addition to activities that were automatically discovered and then tracked, we monitored 

the following 32 predefined activities: enter home, personal hygiene, cook (breakfast, lunch, 

dinner), eat (breakfast, lunch, dinner), exercise, hydrate, wash dishes (breakfast, lunch, 

dinner), relax, read, phone, take medicine, watch TV, housekeeping, entertain guests, toilet, 

work at desk, work at table, leave home, bed toilet transitions, bathe, shower, sleep in 

bed, nap, work on computer, play music, and dress. We also used our activity forecasting 

(CASAS-AP) and transition-detection algorithms to provide prompts at opportune times 

(i.e., during activity transitions) [54–56]. No video or audio data was collected. Data were 

encrypted before being transmitted over a network and stored in a password-protected 

database to protect privacy. Similar to participants in the partnered condition, participants 

in the EMMA-only condition also waited one month after clinical testing to begin EMMA 

training, but no monitoring occurred.
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After one month, participants in both the EMMA-only and partnered conditions received 

the same manualized training in EMMA use. Table 3 provides a description of the EMMA 

training sessions and their purposes. Each training session was led by a trained clinician 

who was in a clinical psychology doctoral program. The sessions were manualized and 

a workbook was created for study participants. Each clinician read the clinician manual, 

reviewed the workbook, which was created for study participants, and participated in a 

two-hour training session. Treatment administration was closely supervised by a licensed 

psychologist and experienced doctoral students, and included videotape review to monitor 

fidelity of content and process.

EMMA training was designed to be a four-week, five session training intervention with the 

first two sessions occurring within the same week and subsequent sessions spread one week 

apart. Three study participants (2 EMMA-only; 1 partnered) required a sixth session to fully 

cover all material (also completed within the 4-week time frame). Each training session 

maintained the following format: 1) review of prior lesson, homework, and discussion of any 

difficulties the participant may have experienced; 2) overview of the topic for the current 

lesson 3) didactics and exercises for the current lesson’s concepts; and 4) goal setting, 

planning, and problem solving for assignments to be completed before the next session. The 

design of the EMMA intervention was modeled after early work by Sohlberg and Mateer 

(1989) and additional details can be found in Chudoba et al. (2019) [2, 37].

To help participants begin to establish an overlearned habit of looking at and using the 

EMMA app., all participants received hourly training alarms during waking hours (agreed 

upon with each study participant) on the iOS tablet for several days between training 

Sessions 2 and 3. Participants were told to respond to each hourly alarm by entering 

information into the Time Schedule about recent activities. The following prompt appeared 

on the tablet: “Please add recently completed activities into your Time Schedule”. The alarm 

(i.e., a 30-s ringtone) was repeated every two minutes for up to 10 minutes if the participant 

did not respond. Along with habit formation, this activity was designed to create a chronicle 

of past events that the participants could refer to later to assist with retrospective memory 

difficulties.

Following Session 3, participants in the partnered condition received context-aware 

transition-based prompts reminding them to use the EMMA app for the remainder of 

the one-month duration of training. Specifically, after one-hour of EMMA app non-use, 

participants were prompted to use the EMMA app at the next activity transition point as 

detected by the smart home algorithm or after 30 additional minutes of nonuse, whichever 

came first. (Note: Initially our plan was to prompt at every activity transition. However, this 

resulted in a very high prompting rate for one of our first study participants causing us to 

add the 60 minutes of nonuse prior to identifying an activity transition point. Furthermore, 

in multiple resident homes, the detected transition point between activities may have been 

associated with the behavior of another house resident (see Table 4). The prompt to use the 

EMMA app (“Is now a good time to use your ‘EMMA’ app”) was delivered on the iOS 

tablet and was preceded by an alarm (i.e., a 3 sec chime). The alarm was repeated every two 

minutes for up to 10 minutes if the participant did not respond to the prompt. In contrast, 
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participants in the EMMA-only condition had to rely on more traditional methods to cue use 

of EMMA (e.g., post-it notes, care-partner cueing).

Following training (weeks 1–4), there were three additional post-training months of 

monitoring. For participants in the partnered condition, the smart home prompting was left 

on during post-training months 1 (weeks 5–8) and 3 (weeks 13–16) and turned off during 

post-training month 2 (weeks 9–12). Participants (and care-partners when available; data not 

described here) completed the self-report questionnaire measures described in the Methods 

section at clinical testing and at one-month intervals throughout the 5-month duration of the 

study via phone with research personnel. EMMA data metrics were captured throughout the 

training and post-training months. The number of training alarms delivered and responded 

to between Sessions 2 and 3 by participants in both conditions, as well as the number of 

smart-home prompts delivered and responded to by participants in the partnered condition, 

were also recorded.

Statistical analyses—This pilot clinical trial was powered for 28 participants to provide 

80% power to detect a clinically meaningful, medium effect size (f = 0.28) for a condition 

by time interaction at p < 0.05 (critical F = 4.22) in cases with two time points, with greater 

power for analyses that involved more than two within-subject time points. To examine 

the success of randomization, t-tests and/or chi-squared analysis were used to assess for 

differences in the demographic and cognitive performance data of the EMMA-only and 

partnered conditions at the start of the study. T-tests were also used to compare the total 

number of hourly training alarms received between Sessions 2 and 3 by participants in the 

EMMA-only and partnered conditions. As there was an early issue with data capture for this 

variable, training alarm data was available for nine participants in the partnered and eight in 

the EMMA-only condition. A repeated measures ANOVA was used to examine the average 

number of daily smart home prompts delivered to participants in the partnered condition 

across the 16 weeks that EMMA data metrics were gathered.

Due to a connection issue, collection of EMMA data metrics (i.e., distinct, basic, and 

advanced uses) was delayed one day for two participants and several days for a third 

participant. For these participants, EMMA data metric values were replaced by the mean for 

all participants given that training was just beginning and most participants were performing 

similarly. A mixed-model analysis of variance (ANOVA) was run separately for each of the 

three EMMA data metrics with condition (EMMA-only, partnered) as the between subjects 

factor and time (weeks 1–16) as the within subjects factor. Because the EMMA data metrics 

were not normally distributed, a square root transformation was applied prior to analyses. In 

addition, when the condition of sphericity was not met, we checked to determine whether 

the more conservative Greenhouse-Geisser correction was significant. In all cases it was also 

significant, suggesting no increased risk of type 1 error, therefore, we report the standard 

univariate analysis data for all analyses [57].

For each of the self-reported primary (i.e., QOL-AD, IADL-C) and secondary (i.e., CSES, 

SWLS) outcome variables, condition (EMMA-only, partnered) by time (pre-training, post-

training, post-training month 1, post-training month 3) ANOVAs were conducted. As there 

were no differences between self-report data collected at baseline cognitive testing and prior 
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to training, ts < 1.10, ps > 0.29, we used the data point most proximal to the start of training 

in these analyses. We also removed time 5 questionnaire data collection from the analyses 

as time 5 data collection followed the post-training month (month 2) when we removed the 

smart home partnership by turning off the context-aware transition-based prompting. There 

were very few missing self-report (i.e., questionnaires) data collection points (3 total). These 

occurred due to an inability to schedule a phone call with the study participant close to the 

data collection time point. Linear interpolation was used to replace the questionnaire missing 

values. Finally, to examine for changes in cognition, a condition (EMMA-only, partnered) 

by time (baseline, end of intervention) ANOVA was conducted. For one participant, the end 

of intervention cognitive data had to be gathered remotely due to COVID-19 and, therefore, 

this participant could not complete all cognitive tests. Given the small sample size and pilot 

aspects of this work, a p-value < 0.05 was used to determine significance for all analyses. 

Effect sizes are included with the analyses so the reader can better judge the practical 

significance of the findings.

RESULTS

Program feasibility and acceptance

A total of three participants dropped from the intervention in consultation with the training 

clinician after completing two training sessions. All three participants struggled with the 

pace of the intervention. One participant became anxious and the other two appeared to 

lack motivation, being encouraged primarily by the care-partner to participate. Examination 

of cognitive testing data revealed that all three participants exhibited no delayed recall 

on the RBANS list learning subtest, suggesting that they were experiencing significant 

difficulty retaining new information across time. However, two additional participants who 

scored zero on the list learning delayed recall test successfully completed training. The 

final analyzed sample consisted of 29 participants (EMMA-only: n = 15; partnered: n = 

14). All 29 participants successfully completed the sequence of training sessions within 

the one-month time frame. The smart home sensors remained in the homes of those in 

the partnered condition throughout the duration of the intervention without any significant 

issues.

Participant information and randomization tests

As seen in Table 4, which provides the means, standard deviations, t-test statistics, and 

Cohen’s d data, t-tests revealed that the age and education of study participants did not 

differ across conditions. A chi-square analysis revealed that there was a higher percentage 

of females in the partnered condition than in the EMMA-only condition, χ2 (1, N = 29) = 

4.21, p = 0.04. The sample was entirely white and not Hispanic or Latino. There were no 

differences between conditions on a screening measure of global cognitive status (TICS), 

with mean scores for both conditions falling in the ambiguous interpretive range. The 

conditions also did not differ in self-reported symptoms of depression (GDS), with mean 

scores for both conditions considered normal. Participants in both conditions endorsed high 

levels of confidence in and use of scheduling tools (i.e., agree to strongly agree). Participants 

in the EMMA-only condition endorsed significantly higher confidence and comfort with 

technology (somewhat agree) than participants in the partnered condition (neutral). This 
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finding was no longer significant after controlling for sex, F = 3.15, p = 0.09, Cohen’s d = 

0.65.

As seen in Table 5, cognitive testing indicated that the estimated premorbid IQ for 

participants in both conditions fell within the High Average range and did not differ 

significantly. Furthermore, there were no differences between conditions on any of the 

cognitive measures. Consistent with participants meeting criteria for aMCI, the RBANS 

immediate and delayed memory composites fell within the Low Average range for 

both conditions. Performances on the remaining RBANS composite scores and executive 

measures fell within the Average range for both conditions.

Training alarms

There was no difference between the total number of hourly training alarms received 

between Sessions 2 and 3 by participants in the partnered condition (M = 41.55, SD = 

18.70, range = 18–62) compared to the EMMA-only condition (M = 31.13, SD = 15.06, 

range = 15–58), t(15) = 1.26, p = 0.23, Cohen’s d = 0.61. Similarly, percent response rate 

to the training alarms did not differ between the partnered (70%) and EMMA-only (61%) 

conditions, t(15) = 0.96, p = 0.35, Cohen’s d = 0.46.

Smart home prompting

Figure 2 shows the mean number of daily context-aware transition-based smart home 

prompts received by participants in the partnered condition along with the mean number 

of daily prompts responded to across the 16 weeks. There was a significant change across 

time in daily prompts delivered, F(15, 195) = 5.47, p < 0.001, η2 = 0.30. As expected, 

prompting was near zero during the first week of training and during weeks 9–12, as smart 

home prompting did not start until Session 3 and was turned off during post-testing month 

2. As months (28–31 days) dictated questionnaire collection and when prompts were turned 

on and off, there was some bleed over of prompts as plotted by weeks into weeks 9 and 

10 and a ramp up of prompting again in weeks 13 and 14. Participants in the partnered 

condition received an average of 3.27 daily prompts (SD = 2.82, range = 0.29–11.14, median 

= 2.69) during the last two weeks of the training phase (weeks 3 and 4). The average daily 

prompts delivered during post-training month 1 (weeks 5–8) was 4.26 (SD = 3.19, range = 

0.39–12.14, median = 3.34) and during the last 2 weeks of post-training month 3 (weeks 

15 and 16) was 3.29 (SD = 2.92, range = 0–9.93, median = 2.82). With the exception of 

one person, there was no prompting the last two weeks (weeks 11–12) of post-training 

month 2 (M = 0.07, SD = 0.26, range = 0–0.96, median = 0). The percentage of weekly 

context-aware transition-based smart home prompts that participants successfully responded 

to within 10 minutes across the 16 weeks ranged from 63% to 77% (see Fig. 2).

Primary outcomes

EMMA data metrics—Figures 3 and 4 present graphs showing the pattern of data for 

distinct, basic, and advanced uses of the EMMA app for both the EMMA-only and partnered 

conditions plotted using the mean rather than the transformed data for ease of interpretation. 

All significant main effects and interactions remained significant when sex was treated as a 

covariate.
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EMMA distinct uses—The ANOVA indicated that aMCI participants in the partnered 

condition used the EMMA app more times daily than participants in the EMMA-only 

condition, F(1, 27) = 17.04, MSE = 0.58, p < 0.001, η2 = 0.39. There was also a significant 

main effect of time, F(15, 405)=25.65, MSE = 0.32, p < 0.001, η2 = 0.49, that was modified 

by a significant condition by time interaction, F(15, 405) = 2.65, MSE = 0.32, p = 0.001, 

η2 = 0.09. As can be seen in Fig. 3, breakdown of the interaction showed that number of 

average daily uses of the EMMA app did not differ between the EMMA-only and partnered 

conditions during weeks 1 and 2, ts < 1.74, ps > 0.09. For the remaining weeks, daily 

distinct uses were greater in the partnered condition compared to the EMMA-only condition 

ts > 2.10, ps > 0.05. As seen in Fig. 3, during the third month post-intervention, participants 

in the partnered condition were using the EMMA app on average 3.9 times per day (range = 

0.1–11.9, median =2.8) compared to 0.8 times daily (range = 0.0–4.4, median = 0.0) for the 

EMMA-only condition. Examination of the data at the person level, revealed that during the 

third month post-intervention, 93% of participants in the partnered condition were regularly 

engaging with EMMA compared to 27% in the EMMA-only condition.

EMMA basic uses—The ANOVA conducted on the square root transformation of the 

basic uses score revealed significant main effects of condition, F(1, 27) = 10.00, MSE = 

2.98, p = 0.004, η2 = 0.27, and time, F(15, 405) = 38.07, MSE = 1.62, p < 0.001, η2 = 

0.59, that were modified by a group by time interaction, F(15, 405) = 2.76, MSE = 1.62, p < 

0.001, η2 = 0.09. As seen in Fig. 4, breakdown of the interaction revealed that average daily 

basic uses by participants in the EMMA-only and partnered conditions did not differ during 

weeks 1–3 of learning, ts < 1.50, ps > 0.14. In contrast, during weeks 4–16, individuals in 

the partnered condition completed more daily basic use interactions with the EMMA app 

compared to participants in the EMMA-only condition, ts > 2.11, ps < 0.05. During the third 

month post-training (weeks 13–16), there was an average of 16.9 basic use interactions per 

day (range = 0.8–66.0, median = 10.3) in the partnered condition compared to 3.5 (range = 

0–15.9, median = 0) in the EMMA-only condition (see Fig. 4).

EMMA advanced uses—The ANOVA indicated that participants in the partnered 

condition made daily use of the EMMA advanced features at a higher rate than participants 

in the EMMA-only condition, F(1, 27) = 9.34, MSE = 0.38, p = 0.005, η2 = 0.26. 

Examination of the within-subject contrasts for the main effect of time, F(15, 405) = 33.87, 

MSE = 0.32, p < 0.001, η2 = 0.56, indicated that use of advanced features did not differ 

between conditions across the first 3 weeks of training when these features were being 

taught, Fs < 1.63, ps > 0.12, and week 5, F = 1.58, p = 0.13. During month 3 post-training 

(weeks 13–16), the average advanced use interactions per day was 2.1 (range = 0.0–10.4, 

median = 1.4) for the partnered group and 0.5 (range = 0.0–3.3, median = 0.0) for the 

EMMA-only group. There was no significant condition by time interaction, F(15, 405) = 

1.28, MSE = 0.32, p = 0.21, η2 = 0.05 (see Fig. 4).

Self-report measures—Table 6 presents the means and standard deviations for the 

primary and secondary self-report outcome measures across time and conditions.
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Quality of life—The ANOVA on the QOL measure revealed no significant main effect of 

condition, F(1, 27) = 0.00, MSE = 30.20, p = 0.99, η2 = 0.00, or time, F(3, 81) = 0.59, MSE 
= 4.42, p = 0.63, η2 = 0.02, and no interaction, F(3, 81) = 0.45, MSE = 4.42, p = 0.72, η2 = 

0.02. Overall, this measure changed very little across time.

Instrumental Activities of Daily Living—The ANOVA on the IADL-C measure 

revealed no significant main effect of condition, F(1, 27) = 0.07, MSE = 0.50, p = 0.80, 

η2 = 0.01, or time, F(3, 81) = 0.40, MSE = 0.11, p = 0.75, η2 = 0.02. The interaction was 

significant, F(3, 81) = 3.22, MSE = 0.11, p = 0.03, η2 = 0.11. Examination of each time 

point against the pre-training time point revealed an interaction at post-training month 1, F 
= 5.80, p = 0.02, reflecting an increase in self-report functional difficulties from pre-training 

(M = 1.94) to post-training month 1 (M = 2.26) in the EMMA-only condition and a decrease 

in functional difficulties from pre-training (M = 2.05) to post-training month 1 (M = 1.89) in 

the partnered condition.

Secondary outcomes

Self-report measures

Coping self-efficacy.: The mixed model ANOVA on the coping abilities measure revealed 

a significant main effect of time, F(3, 81) = 2.90, MSE = 82.06, p = 0.04., η2 = 0.10. Within-

subjects contrasts revealed that self-reported coping abilities were higher post-training (M 
= 94.83) and at post-training month 1 (M = 95.40) and post-training month 3 (M = 94.72) 

compared to pre-training (M = 89.34), Fs > 4.77, ps < 0.038. There was no main effect of 

condition, F(1, 27) = 0.12, MSE = 272.20, p = 0.74, η2 = 0.00, or interaction, F(3, 81) = 

0.72, MSE = 82.06, p = 0.55, η2 = 0.03.

Satisfaction with life.: Analysis of the satisfaction with life measure showed a significant 

main effect of time, F(3, 81)=3.59, MSE = 6.98, p = 0.02., η2 = 0.12. Within-subjects 

contrasts revealed that self-reported satisfaction with life was higher post-training (M = 

26.28) compared to pre-training (M = 24.17), F = 11.78, p = 002, but not at month 1 (M 
= 24.47) or month 3 (M = 25.00) post-training, Fs < 1.24, ps > 0.27. There was no main 

effect of condition, F(1, 27) = 0.08, MSE = 46.60, p = 0.77, η2 = 0.00, or condition by time 

interaction, F(3, 81) = 2.01, MSE = 6.98, p = 0.12, η2 = 0.07.

Cognition

Global cognition.: The ANOVA on the RBANS total score revealed no main effect of 

condition, F(1, 26) = 0.66, MSE = 185.85, p = 0.43, η2 = 0.03, or time, F(1, 26) = 0.84, 

MSE = 23.27, p = 0.37, η2 = 0.03, and there was no significant interaction, F(1, 27) = 0.22, 

MSE = 23.27, p = 0.64, η2 = 0.01. Global cognitive scores did not differ between testing 

sessions for either the EMMA-only (baseline: M = 86.9, SD = 13.0, end of intervention: 

M = 87.4, SD = 16.3), t(14) = −0.30, or partnered (baseline: M = 90.4, SD = 13.7, end of 

intervention: M = 92.2, SD = 12.9), t(14) = −1.0, conditions.
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DISCUSSION

Effective use of compensatory strategies and organizational aids can help individuals 

maintain their functional independence, thereby improving quality of life. Teaching 

individuals with memory impairment to use such aids can be challenging. In this study, 

we evaluated the potential benefits of partnering an electronic device with activity-aware 

transition-based prompting to use the device.

Consistent with our hypothesis, aMCI participants who learned to use the EMMA app 

partnered with the smart home prompts used the app more often and learned to use it to a 

higher level of proficiency earlier in training than participants in the EMMA-only condition. 

This was evidenced by the real-time EMMA data collection metrics showing that, starting 

in week three, participants in the partnered condition were engaging with EMMA more 

throughout the day compared to participants in the EMMA-only condition. Furthermore, 

by week four, participants in the partnered condition were engaging in a greater number 

of basic and advanced interactions with EMMA compared to the EMMA-only condition. 

This suggests that prompting beyond the time-based hourly training alarms, which were 

used to cue the recording of recent events into the Time Schedule for several days after 

Session 2 (week 1), was required to establish an overlearned routine. The transition-based 

activity aware prompts in the partnered condition enabled most participants to establish and 

overlearned behavior of frequently looking at and using the EMMA app.

The earlier learning and increased use of the EMMA app during training by participants also 

appeared to support a higher rate of sustained use of the device by individuals with aMCI 

through follow-up month 3. Removal of the smart home prompts during post-training month 

2 did not lead to decreased use of EMMA by aMCI participants in the partnered group. 

Although this was not hypothesized, it is an exciting finding that underscores the importance 

of building an overlearned and automatic habit for using such devices early in training. For 

the aMCI participants in this study, it appeared that once the habit was formed, looking 

at and using EMMA multiple times per day became part of their daily activities, and the 

additional prompting did not appear to significantly decrease their engagement with EMMA 

during post-training month 2. Early work with the Neuropage device, a pager system used 

to remind individuals with brain injuries to complete activities, similarly found that three 

months with the device was enough to establish routines (e.g., using checklists, taking 

medication on time) that were maintained after the pager was withdrawn [58]. It is possible 

that with a longer post-training follow-up period, continued prompting by the smart home 

would be necessary to keep levels of EMMA app use high, especially as cognitive functions 

decrease across time. It is also possible that for individuals with more significant levels of 

cognitive impairment, such as mild dementia, removal of prompts would lead to decreased 

use of the app. Future studies will be needed to better understand how prompting can best 

be used to support acquisition and long-term use of devices like EMMA that are designed to 

support everyday functioning.

A novel aspect of the prompting used in this study is the activity-aware and transition-based 

design. Past studies that have used watch alarms to cue participants to use aids, such as 

a memory notebook, have relied on time-based alarms [4]. Unlike time-based alarms that 
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may ring at inopportune times and must be set ahead of time, typically by a caregiver, 

prompts were issued in this study by the smart home only after periods of EMMA non-use 

and using algorithms that targeted transitions between activities. Such prompts should 

decrease frustration with the reminders by only prompting when prompts are needed and 

by targeting reminders to times that should decrease interference with other activities. It 

currently remains unclear whether prompting formats, such as receiving prompts to engage 

with EMMA on one’s phone or computer after periods of nonuse, might be as effective as 

using a smart home to promote context-aware prompting. Based on recent advances, in the 

future, it may be possible to use wearable technologies to provide real-time context-aware 

prompting [54, 59].

Given we identified higher levels of use of the EMMA device by aMCI participants in 

the partnered condition, we expected this to translate into improved self-report ratings 

on measures of quality of life and functional independence compared to participants in 

the EMMA-only condition. We found no significant change in our self-reported primary 

outcome measure that assessed IADLs for either condition. At post-training month 1, a 

significant interaction for the functional measure reflected increased self-report of functional 

difficulties in the EMMA-only condition and decreased self-report of functional difficulties 

in the partnered condition, consistent with the greater use of the EMMA device by 

participants in the partnered condition. This was not found at post-training month 3. When 

a goal of an intervention is to improve functional status, identifying outcome measures 

that accurately capture everyday functioning in the real-world is challenging. Self-report 

measures can be impacted by bias, including lack of insight [60]. Numerous studies have 

also shown that objective and self-report measures do not always correlate well with each 

other [61, 62]. The continued use of EMMA during post-training month 3, up to 10–11 

times per day by some study participants, suggests that participants were finding the tool 

to be helpful in their daily life. Further suggestive of positive functional impacts were 

participant statements indicating that they had not forgotten things like taking medications 

since putting reminders in EMMA, and our direct observation of participants foregoing 

reminder calls for questionnaire appointments because they were recording the appointments 

in EMMA.

Although the impact of the intervention was also not evident on the primary outcome 

measure assessing quality of life, secondary measures that examined aspects of well-being 

including coping self-efficacy and satisfaction with life did show positive change. This 

change was not specific to the partnered condition. Rather, when compared to self-reported 

coping at pre-training, study participants reported higher coping self-efficacy at post-training 

and at post-training months 1 and 3. Self-reported life satisfaction was higher at post-

training but was not maintained at post-training months 1 and 3. This suggests that 

there were some positive benefits to learning to use the EMMA app on coping and life 

satisfaction, even when the app was not partnered with the smart home prompts. In terms 

of intervention impact, prior work indicates that quality of life is ranked as the highest 

priority by individuals with aMCI and their partners, followed by patient self-efficacy 

and functional status [63]. The current quality of life measure assessed a broad array 

of outcomes (e.g., living situation, marriage), some of which may not have been easily 

impacted by the current intervention. The secondary outcome variables assessing coping 
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abilities and life-satisfaction can also impact life quality and in future work it will be 

important to understand how changes in such dimensions are perceived by individuals with 

aMCI and their care-partners.

The intervention, including the smart home prompting and learning to use the EMMA app, 

was feasible to deliver and acceptable to study participants. A total of three participants 

who had difficulty with the pace of the intervention did not complete the training phase. 

Although all three of these participants exhibited no delayed recall on a list learning task, 

two additional participants with this profile successfully completed the training. Some 

participants may require a greater number of training sessions and a slower presentation 

of information. Future work will be needed to determine whether individuals with mild 

dementia can learn to use the EMMA app and what other person characteristic (e.g., 

personality) may impact long-term use of the app. EMMA could also benefit from an 

improved help feature as the current EMMA app required that participants hold information 

in memory as they maneuvered between viewing help information and completing an 

EMMA-related function. Providing feedback on actions may also be useful for promoting 

learning. A recent systematic review of assistive technologies, including memory aids, for 

use by individuals with dementia suggested that few conclusions could be drawn due to 

small sample sizes, unsophisticated statistics and issues that arose with the technology 

during the clinical trials [64]. Designing well-powered studies that can appropriately 

evaluate the efficacy of devices such as electronic memory aids is an important goal. 

Promoting the use of beneficial technologies will also require that clinicians be well versed 

about these devices and be able to recommend and support individuals with cognitive 

impairment in their use of such devices. New methods for scaling of training will also be 

important.

There are limitations to this work which must be considered. This was a pilot clinical trial 

and as such the sample size was small and powered to identify medium effect sizes. The 

sample was 100% White, highly educated and endorsed high confidence with and use of 

scheduling tools, which limits generalizability of the findings. In addition, there was some 

bleed over of prompts into no prompting weeks, which may have impacted the findings 

interpreted as indicating that reduction in prompting did not impact use of EMMA once a 

habit was established. Due to the pilot nature of this study and small sample size, many 

analyses were completed with no adjustment to the p-value, increasing risk of Type I 

error; future work will be required to replicate the findings. In addition, we did not obtain 

information about whether participants in the EMMA-only condition used other methods 

(e.g., care-partner, set alarms on other devices) to remind them to use their EMMA app. 

Furthermore, at the end of post-training month 3, some of the participants with aMCI were 

no longer actively using the EMMA app. We plan to analyze the continuous data collected 

from EMMA to identify patterns of use that may lead to non-adherence of the entire EMMA 

app or specific app features (e.g., notes section, search function) so that a booster session 

could be provided automatically when the booster is needed to help support long-term 

maintenance and use of the tool. In future work, it will also be important to understand what 

characteristics of the person and the training result in an individual becoming a long-term 

adopter of an aid as such insights are expected to improve future interventions.
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We found that activity-aware transition-based prompting delivered by a smart home 

enhanced acquisition, habit formation and long-term use of a digital app. Although there 

was little differential intervention impact on primary and secondary self-report outcomes, 

training in use of the EMMA app was associated with positive changes in the secondary 

outcome of coping self-efficacy at all time points post-training and life satisfaction 

immediately following training. The daily data metrics collected by the app allowed us to 

examine participants’ use of EMMA throughout the training and three-month post-training 

phase. The availability of such data will also allow for exploration of other important 

questions (e.g., non-adherence patterns, characteristics of adopters) that could improve 

future interventions aimed at extending the functional independence and quality of life of 

older individuals experiencing progressive cognitive decline.
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Fig. 1. 
CONSORT Flow Diagram.
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Fig. 2. 
Mean number of daily context-aware transition-based smart home prompts received and 

responded to by participants in the partnered condition plotted by week (error bars represent 

standard error). Training = weeks 1–4; post-training: month 1 = weeks 5–8 (prompts on); 

month 2 = 9–12 (prompts off); month 3 = 13–16 (prompts on).
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Fig. 3. 
Mean daily distinct uses of the EMMA app plotted as a function of weeks (x-axis) 

for participants in the partnered (solid) and EMMA-only (dotted) conditions (error bars 

represent standard error). Training = weeks 1–4; post-training: month 1 = weeks 5–8 

(prompts on); month 2 = 9–12 (prompts off); month 3 = 13–16 (prompts on).
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Fig. 4. 
Mean daily for basic (top) and advanced (bottom) uses of the EMMA app plotted as a 

function of weeks (x-axis) for participants in the partnered (solid) and EMMA-only (dotted) 

conditions (error bars represent standard error). Training = weeks 1–4; post-training: month 

1 = weeks 5–8 (prompts on); month 2 = 9–12 (prompts off); month 3 = 13–16 (prompts on).
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