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Abstract: Efficacy of assistive technology continues to evolve as a means of helping individuals with cognitive and intellectual
disabilities, asserting the importance of its research. We report outcomes of a six-week randomized control feasibility study in a small
cohort of 16 family caregivers of individuals living with Alzheimer’s disease and related dementias. An experimental group of seven family
caregivers used visual mapping software on smart devices (step-by-step pictures, audio, and videos instructing how to complete a task) to
support carrying out activities of daily living with their care recipients. In comparison, control group of nine family caregivers used smart
devices to access and view educational videos focused on dementia care. After a six-week study, compared to caregivers using educational
videos, caregivers using visual maps assistive technology reported higher satisfaction of use and stronger recommendation of use to others.
Caregivers using visual maps technology also exhibited more improved quality of life scores and improved completion of activities of daily
living for their dementia care recipients, as well as reduced caregiver burden scores compared to the caregivers in the control group. These
promising findings show that the use of assistive technology is feasible in the home setting and suggest time is ripe for undertaking
systematic studies of assistive technology’s potential to advance effective behavioral interventions in dementia home and family settings.
Keywords: visual mapping, dementia caregiving, activities of daily living, randomized controlled trial

Plain Language Summary

Efficacy of assistive technology continues to evolve as a means of helping individuals with cognitive and intellectual disabilities. The
current study addresses the feasibility of using assistive technology to improve the lives of families living with Alzheimer’s disease
and other related dementias. After 6 weeks of using an assistive technology app that helps the user engage in activities of daily living
with highly personalized step-by-step visual guides, caregivers reported improved quality of life and completion of activities of daily
living for their individual with dementia, all the while reducing burden and stress for themselves. These promising findings underscore
the feasibility of using assistive technology in home settings and set the stage for systematic studies of assistive technology’s potential
to advance effective behavioral interventions for a wide range of neuro-compromised individuals within home and family settings.

Introduction

Assistive technology software built into consumer grade mobile devices—eg smartphones and tablets—has been used
effectively with adult individuals living with Alzheimer’s disease and related dementias (ADRD) to enhance their ability
to complete activities of daily living (ADLs) and to improve overall quality of life.' * The technology can involve the use
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of visual maps, which are step-by-step sequenced guides incorporating photos, videos, and audio components, to assist
caregivers and individuals living with dementia in engaging daily tasks. Much of this work has been conducted in
hospital and senior living facilities where patients were managed by professional caregivers and used experimental
designs where subjects served as their own controls.> The present study, to our knowledge, is the first to systematically
assess the feasibility and effectiveness of assistive technology using a randomized controlled trial and to focus on family
settings of people living at home with ADRD. For the six-week study, family caregivers used visual maps assistive
technology (the Experimental group) or watched educational dementia-care videos (the Control group). A primary goal
of the study was assessing the feasibility and efficacy of using assistive technology in the home setting. All caregivers
were administered net-promoter questions assessing user-satisfaction and willingness to promote their use to others.
Additionally, caregivers in both groups were administered standardized behavioral assessments focused on outcomes in
the caregiver recipients and the levels of burden caregivers feel in supporting them.

Materials and Methods
Assistive Technology: The MapHabit System

The MapHabit System (MHS) has been described in detail in previous reports and is a commercially available visual
mapping software application, resident on encrypted smart tablets, that utilizes visual, audio, and text media to create
step-by-step visual guides to assist participants and their caregivers in structuring and accomplishing ADLs (see
Figure 1).! MHS is the assistive technology used in the Experimental group. Control group used encrypted smart tablets
to view a pre-loaded series of educational videos focused on all aspects of dementia, including recognizing symptoms
and dementia care.

Recruitment, Enrollment, and Consent

The study was carried out in partnership between a leading New York City Alzheimer’s and dementia caregiving
organization (CaringKind, New York City Chapter) and a health-care assistive technology company (MapHabit, Inc,
Atlanta, GA). Through their social media outreach programs, CaringKind recruited interested ADRD families to the
study. Interested families were enrolled by clinical coordinators, who worked with caregivers and their ADRD family
members for the duration of the study. Advarra Institutional Review Board (IRB) served as the IRB of record
(Pro00039611). The study was registered as a clinical trial with ClinicalTrials.gov (NCT05352529), a registry that
meets the requirements of the International Committee of Medical Journal Editors (ICMIJE). The study complies with the
Declaration of Helsinki regarding the ethical principles of research involving human participants. Electronic informed
consent was obtained from the primary caregiver (the legally authorized representative of the ADRD individual) prior to
study commencement. Individuals living with ADRD hereafter will be referred to as participants. Each participant was
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Figure | Example of a Visual Map. An example of a visual map for an activity of daily living titled “Getting Dressed”, in which there are a total of 8 sequential steps guiding
the user through a certain aspect of the activity. Each step appears individually and only progresses to the next step once the user interacts with the device’s touch screen.
Once the user reaches the last step of the activity, the user is able to confirm that it has been successfully completed.

1886 "= Clinical Interventions in Aging 2022:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Han et al

enrolled together with their primary caregiver, who completed the assessment forms from which all the data were
derived. Participants used MHS under the supervision of their caregiver.

Study Design and Inclusion and Exclusion Criteria

Participants were individuals diagnosed with mild-to-moderate ADRD. Caregivers and participants were required to be
proficient in English and have access to the internet. Participating caregivers needed to be the participant’s primary
support partner. A primary support partner was defined as the person who cares for the individual with ADRD who
requires assistance with daily activities. Caregivers had to have four or more caregiving-related interactions per day.
Examples of such interactions include, but are not limited to, assisting with bathing, dressing, preparing meals, health
monitoring, travel, and household chores.

Caregiver-participant dyads (the caregiver and the care recipient) were sequentially assigned to an Experimental
group (E) or to a Control group (C), with age and sex balanced (Table 1). A total of 16 dyads completed the study (E=7
dyads; C=9 dyads; Table 2). Caregivers in both groups received encrypted smart tablets, and financial compensation was
provided to families for completing the study.

Baseline Assessments

Caregivers in both groups completed pre-study behavioral assessments of their participants using the Alzheimer’s
Disease Cooperative Study — Activities of Daily Living Inventory (ADCS-ADL), which assesses an individual’s ability
to carry out ADLs.* Additionally, caregivers completed the Margaret Blenker Research Center (MBRC) Caregiver Strain
instrument,” a 14-item questionnaire assessing the various stresses caregivers experienced related to caring for an
individual with cognitive impairment. MBRC Caregiver Strain assessment has been an important factor in evaluating

the efficacy of interventions for dementia support and caregiving.®’

Tablet Training

Group E caregivers were trained on how to access a library of visual ADL maps located on their devices and how to
customize them for their care recipients. Group C caregivers were trained on how to access a library of educational videos
available on their devices, all of which focused on Alzheimer’s disease, dementia care, and caregiver support. Clinical
coordinators also facilitated periodic discussion sessions with caregivers in both groups on ADLs, behaviors, or educational
videos. This study was carried out amid the COVID pandemic. The study-duration of 6 weeks was based on our unpublished
feasibility data collected during the pandemic showing potential dropout of participants for durations longer than 6 weeks.

Table | Participant Demographics

Variables Group
E (n=7) C (n=9)
Age
Mean + SD 779 £ 79 76.11 £5.18
Min-Max 67.0-87.0 69.0-85.0
Gender (%)
Female 5(71.4) 5 (55.56)
Male 2 (28.6) 4 (44.44)
Race/Ethnicity (%)
White or Caucasian 2 (28.6) 6 (66.67)
Black or African American 2 (28.6) I (L)
Hispanic/Latinx 2 (28.6) I (11.11)
Other 1 (14.2) I (L)
Clinical Interventions in Aging 2022:17 https: 1887
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Table 2 Participant Enrollment

Dyads Enrolled n=35
Dyads Withdrawn® n=13
Dyads with incomplete data n=6
Dyads with complete data n=16
Dyads in Experimental group (E) n=7
Dyads in Control group (C) n=9

Note: “Participants who have withdrawn were after group
allocation.

Post-Study Assessments

At the end of the 6-week period, the ADCS-ADL and MBRC caregiver strain assessments were re-administered to
caregivers, along with two additional post-intervention assessments: (1) A net-promoter-type survey consisting of two
questions (using a Likert-type scale of 1-5, where a score of 5 was most positive, a score of 3 was neutral, and a score of
1 was most negative) that asked caregivers to rate their overall satisfaction with the MHS, and how strongly they would
recommend MHS to others'” (2) An 18-item quality-of-life questionnaire (QoL-18) completed by the caregivers to
evaluate the status of their care recipient on a range of behaviors (including mood, emotion, independence, and memory)
compared to 6 weeks earlier.'

Statistical Analyses

For this small-n study, paired group comparisons used the nonparametric Wilcoxon matched-pairs signed ranks test, and
unpaired comparisons used the nonparametric Mann—Whitney test. Individual group analyses used the one-sample
Wilcoxon signed rank test. All comparisons used 2-tail tests, unless noted otherwise.

Results
Demographic characteristics are provided descriptively in Table 1. Results are reported for the 16 dyads (E=7, C=9) that
completed the study. The enrollment data for the study are described in Table 2.

Net Promoter-Type Survey

For each of the caregivers, response scores to each of the two questions were averaged together, and group means were
compared to a null score of 3.0 (neutral) in the 5-point scale. Group E’s mean score (3.92) was significantly higher than
the null score (p < 0.003). Group C’s mean score (3.38) was not significantly different from the null score (p = 0.088).
The difference between the mean scores of the two groups did not reach statistical significance (p = 0.082). However,
caregivers in group E endorsed positive scores of “4” and “5” 79% of the time, compared to only 39% of the time for
caregivers in the group C.

Activities of Daily Living Inventory

For the ADCS-ADL test, total score can range from 0 to 53, with the higher score indicating stronger performance in
independently completing ADLs. We analyzed the mean total scores caregivers reported for their participants in groups
E and C, both at baseline and at the end of the 6-week study. The baseline mean score of group E (11.0) did not differ
significantly from the baseline mean score of group C (16.7; p = 0.31). At the end of the 6-week study, mean scores
between group E (13.6) and group C (16.8) also did not differ statistically. However, it is notable that all scores in group
E improved (Figure 2A), while only 6 of the 9 scores in the group C improved. Moreover, for group E, scores were
significantly higher at the end of the six-week study (13.6) compared to scores at baseline (11.0; p < 0.015). In contrast,
scores for group C did not differ significantly between the two time points: mean score at baseline was 16.7, while mean
score at the end of the six-week study was 16.8 (p = 0.78).
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Figure 2 (A) Activities of Daily Living Inventory (ADCS-ADL). Caregivers in group E reported improved mean scores for their individuals at the end of the six-week study
(post) compared to their baseline scores (pre; p < 0.015). (B) Caregiver Strain Instrument. At the end of the six-week study, caregivers in group E reported lower median
stress scores than caregivers in group C (p = 0.03). Horizontal lines show group means. (C) Quality of Life Questionnaire. At the end of the six-week study, compared to the
start, caregivers in group E reported higher median scores for individuals in their care than caregivers in group C (p < 0.002).
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MBRC Caregiver Strain

The MBRC Caregiver Strain instrument scoring ranges from 0 to 3 for each item, with the higher score representing

larger stress and burden felt by the caregiver. The baseline median scores across the 14 items for groups E and C were not
statistically different (group E = 1.21; group C = 1.64; p = 0.19). At the end of the six-week study, caregivers in group
E reported significantly lower median scores (1.14), indicating lower reported stress and burden, across the 14 items than
caregivers in group C (1.78; p = 0.03; Figure 2B).

Quality of Life

The QOL-18 uses a 5-point Likert scale format, where a higher score indicates a positive change in quality of life (5. Much
better, 4. Better, 3. Not much change, 2. Worse, 1. Much worse).8 Figure 1C shows the median scores of the two caregiver
groups averaged across the 18 QoL items. Caregivers in group E reported an overall score of 3.21 for their care recipients,
significantly higher than the overall score reported by caregivers in group C (2.94, p <0.01). Additionally, the group E score
of 3.21 reported for their care recipients was significant above the null (no change) value of 3 (p = 0.03). Several individual
items reached statistical significance in terms of positive change in Group E care recipients: coping, better moments,
cooperation (all p <0.03). By contrast, the overall score reported by group C caregivers of 2.94 was significant below the null
(no change) value (p < 0.02), and no individual items reached significance in terms of positive change.

Discussion
With regard to the question of feasibility of using assistive technology in the home setting, the findings were evident:
Group E caregivers reported high levels of satisfaction using the visual maps program, and strongly endorsed promoting
it to friends and colleagues. By contrast, group C caregivers, who used a series of educational and instructional videos
about dementia and dementia care on smart devices, reported substantially lowers satisfaction and endorsement scores.
For group E caregivers, quality of life and ADL scores were improved for their family member care recipients, and
the group reported diminished caregiver burden scores. By contrast, for the group C caregivers, quality of life and ADL
scores were significantly lower than group E’s. Moreover, the group C’s caregiver strain scores did not exhibit the
reduction in burden and stress of caregiving observed in the E group. The finding that the group C’s quality of life scores
at the end of the study were reported to be significantly below the null point suggests the possibility that some
interventions, although anticipated by researchers or clinicians to be somewhat helpful, may instead be interpreted by
participants to be otherwise.

Conclusions

The findings that the use of assistive technology—in this case, the MapHabit visual maps system—was not only
embraced by family users but also provided important and effective intervention to help enhance overall quality of
life both for individuals living at home with dementia and their family caregivers are encouraging. Nevertheless, the
present study did have methodological limitations. Notably, this randomized control trial was conducted during the
COVD-19 pandemic. Many of our recruited families were coping with unexpected challenges in managing the care of
their family members, and likely impacted the ability of some caregivers to successfully participate and/or complete
assessments (Table 2). Accordingly, this study had relatively small number of subjects in groups E and C, a condition
possibly contributing to the numerically small although statistically significant differences reported between the groups.
The finite number of enrolled dyads additionally limited our ability to meaningfully explore the influence of variables
such as age, gender, or additional intellectual disabilities. These points, together with the positive findings reported here,
lay the groundwork for more detailed systematic studies of how assistive technology can benefit individuals with
cognitive and other intellectual impairments and their family caregivers within a family home setting.

Data Sharing Statement

Data supporting the results reported in the manuscript will be made readily available in a data repository to researchers or
publishers who provide a methodologically sound proposal. Proposals should be directed to shan@maphabit.com. To
gain access, data requestors will need to sign a data access agreement. Data that involves individual participant data will
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be deidentified. All data will be shared when requests are accepted. Additionally, study protocol, statistical analysis plan,
and informed consent form will be made available. The data will be eligible to be accessed immediately following
publication, with no end date unless stated otherwise when the proposal is accepted.

Consent for Publication
The authors consent for the journal to publish the details of all materials and content included in the manuscript. Authors
are prepared to provide copies of signed consent forms to the journal editorial office if requested.
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