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Abstract

Enhancing independence and quality of life are key modifiable outcomes that are short- and
long-term goals for children with Down syndrome and for their parents. Here we report the
outcome of a 4-week feasibility study in a cohort of 26 children with Down Syndrome, 7-17
years old, who used an assistive technology approach that incorporated smart device soft-
ware and step-by-step pictures (the MapHabit System). Parents reported improvements in
children’s activities of daily living, quality of life, and independence. They recommended this
technology to other families. This report and its findings underscore the feasibility of using
assistive technology in children with Down syndrome within home and family settings. A lim-
iting factor is whether participants who did not complete the study, and thus were not
included in analyses, might have impacted the study outcomes. The current findings that
assistive technology can be used successfully and effectively in family and home settings
set the stage for more informative systematic studies using assistive technology for this
population.

Trial registration: The clinical trial is registered with ClinicalTrials.gov

Registration number: NCT05343468

Introduction

Down syndrome (DS) is a leading cause of intellectual disability. Prominent in the phenotype of
individuals born with DS is developmentally impaired learning and memory emerging during
the early part of their lifespan. Recently, there have been reports of considerable positive impact
on quality of life in individuals with Alzheimer’s disease (AD) who have used assistive technol-
ogy (AT) [1]. AT is usually defined as “any piece of equipment, or product system, whether
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acquired commercially, modified, or customized, that is used to increase, maintain, or improve
functional capabilities of individuals with disabilities” [2]. The use of AT within AD communi-
ties has been associated with promoting independent living, engagement, enhanced ability to
complete activities of daily living, and reduced stress for patients and caregivers [3-6].

While the etiology of cognitive decline due to AD is different than the cognitive deficits due
to DS, there are similarities in phenotype characteristics [7]. The findings that the use of AT
can assist and support adults with cognitive decline due to AD raise the straightforward ques-
tion of whether children who have cognitive and behavioral impairments due to DS might also
benefit from the use of AT, along with their caregivers. Importantly, the efficacy of AT in chil-
dren with DS is an area of research that is still in its infancy and expanding with the rise of
mobile device technology and its subsequent accessibility and familiarity [8]. In turn, contin-
ued empirical investigations of using AT among the DS community are needed. To address
this need, the current study examined the feasibility of an AT as an intervention among chil-
dren with DS. For the purpose of this study, we use the term feasibility to mean an assessment
of a future randomized controlled trial evaluating the effect of an intervention” [9]. Here, we
describe the findings from a feasibility study that used a simple pre-post intervention design to
assess whether there was behavioral impact in a group of children with DS, ages 7-17, after
using an AT for four weeks.

Methods
Clinical trial registration, consent, and enrollment

Ethical approval and clinical trial registration. Advarra Institutional Review Board
(IRB) served as the IRB of record (Pro00039611). The study is registered as a clinical trial with
ClinicalTrials.gov (NCT05343468), a registry that meets the requirements of the International
Committee of Medical Journal Editors (ICMJE). Registration for the study did not occur prior
to participant enrollment due to the intervention being at the feasibility stage and the device
not meeting the criteria for regulatory oversight by the Food and Drug Administration. The
study underwent appropriate registration per the request that all forms of interventional stud-
ies be registered through an ICMJE-approved registry. The authors confirm that all ongoing
and related trials for this intervention are registered.

Recruitment, consent, and enrollment. Community outreach activities (social media,
email, and web site posting) were performed by a Down syndrome research and resources
organization based in the United States. Interested parties were directed from the organization
channels to clinical coordinators of the study. Identified candidates completed the informed
consent process, which included an electronic informed consent form that was filled out by
the parent or legal guardian of the child with Down syndrome through a virtual meeting with
a clinical coordinator. Informed consent forms were electronically signed, documented, and
stored in REDCap, a research electronic data capture database. Assent forms were provided to
the parents and legal guardians to explain the study and obtain consent from the children. The
clinical coordinators worked with the families for the duration of the virtual study.

Parents or guardians are referred to here as “caregivers” and the enrolled children as “par-
ticipants”. Caregivers completed all the assessments from which the findings were derived.
Participants used the AT under the supervision of their caregiver throughout the duration of
the study. Monetary compensation was provided to families for completing the requirements
of the study. Eligibility criteria included the children being diagnosed with Down syndrome
and being between the ages of 7 to 17. Additionally, participants were required to have internet
access and be proficient in English. 72 families were assessed for eligibility. 18 of those families
were excluded, with two of them not meeting inclusion criteria and the rest ultimately
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declining to participate. 54 participants began the intervention, with 23 of them lost after no
contact from them during their participation and five participants who expressed no desire to
continue. A total of 26 families fully completed the study (Table 1 and Fig 1). The study began
recruitment and enrollment in September of 2020 and reached a primary completion date of
June of 2021. The final study completion date was in August of 2021.

The MapHabit system

Most AT that are dedicated to individuals with DS assist in teaching and reinforcing highly
specific functional skills, such as memory, social inclusion, or labor [10-12]. Although these
technologies each focus on particular skills, what is universal is the aim to support decision-
making capacity, increase self-determination, and enhance self-esteem through daily activities
in individuals with DS, all of which are factors that should be prioritized in AT development
[8]. The MapHabit System (MHS) is a commercially available visual mapping software applica-
tion that utilize visual, audio, and text media to create step-by-step visual guides—which are
called maps—to assist individuals and their caregivers in structuring and accomplishing activi-
ties of daily living (ADLs) (Fig 2). The MHS has been shown to be effective in enhancing over-
all quality of life in individuals with AD [3-6]. The goal of the application is to develop and
facilitate habits and routines using structured visual and auditory stimuli that can be custom-
ized by the user and can include educational and lesson-based material in addition to ADLs.
This allows the user to engage in a wide range of functional skills, a unique aspect that differs
from other AT that emphasize a specific set of functional skills. Moreover, the software appli-
cation attempts to enhance the independence and confidence of their users [3-6], aligning
with the tenants of AT mentioned above. The application was made available to families
through compatible smartphones and tablets.

Study design

Participants and caregivers were first trained on the use of the MHS by study coordinators in a
single session, including discussing the most needed ADL maps for the participants and how
to make and personalize their own maps. These training sessions were approximately one
hour long. Caregivers were instructed to create and implement three visual maps for the

Table 1. Participant demographics.

Variables Sample (n = 26)
Age
Mean + SD 11.5+£3.4
Min-Max 7.0-17.0
Gender (%)
Female 11 (42.3)
Male 15 (57.7)
Race (%)
White or Caucasian 20 (76.9)
Hispanic or Latinx 3(11.5)
Black or African American 1(3.8)
Other 2(7.7)

Description of the demographics of all participants included in the study. Spearman’s rank order correlation test was
used for any correlations between demographic variables and assessment scores. No significant correlations were

observed between any variables (all p values >1.0).

https://doi.org/10.1371/journal.pone.0284738.t001
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[ Enrollment ]

Assessed for eligibility (n=72)

Excluded (n=18)

+ Not meeting inclusion criteria (n=2)
+ Declined to participate (n=16)

+ Other reasons (n=N/A )

[ Allocation ]

A 4

Allocated to intervention (n= 54)
+ Received allocated intervention (n=54 )

I
[ Follow-Up ]

3

Lost to follow-up (give reasons) (n=23);
investigators lost a majority of participants after
no contact from them in follow-up/study-wrap

up

Discontinued intervention (give reasons) (n=9):

participants directly expressed no desire to
continue in participating in study

T mE)

A 4

Analysed (n= 26)
+ Excluded from analysis (n= N/A)

Fig 1. CONSORT participant flow diagram.
https://doi.org/10.1371/journal.pone.0284738.9001

participants, and to use the application at least 5 days per week. Caregivers were administered
standardized assessment questionnaires before and after four weeks of using the MHS. This
single-arm repeated measures design permitted us to obtain baseline measures and compare
them with the post-intervention outcomes. All training and pre/post assessments between
caregivers and the study coordinators were done remotely via virtual video calls.
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X Laundry X Laundry

Gather all dirty laundry into Sort clothing into 4 piles:
basket. \ * Whites

® Dark colors
e Light colors
* Bedding and towels

Fig 2. Example of a visual map. An example of a visual map for an activity of daily living titled "Laundry", 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. The individual pictured in Fig 2 has provided
written informed consent (as outlined in PLOS consent form) to publish their image alongside the manuscript. Republished under a CC BY license, with permission
from MapHabit, Inc., original copyright 2022.

https://doi.org/10.1371/journal.pone.0284738.9002

Assessments

Caregivers completed the pre/post assessments of their participants using the Adaptive Behav-
ior Assessment System Third Edition (ABAS-3) [13] to evaluate conceptual, social, and practi-
cal behavioral skills that are significant for day-to-day functioning [14]. Analyses were carried
out using the ABAS-3 General Adaptive Composite (GAC), a final score that captures all three
of an individual’s adaptive behavioral skills. At the end of the study, the ABAS-3 was re-admin-
istered to caregivers, along with two additional assessments. First, an 18-item quality-of-life
questionnaire (QoL-18) that evaluates a range of participants’ behaviors, including mood,
engagement, and memory at the end of the study compared to before the use of the MHS [3-
5], which used a 5-point Likert scale format [15] where a higher score is better (5. Much better,
4. Better, 3. Not much change, 2. Worse, 1. Much worse). Secondly, a 2-item Satisfaction Scale
(SS-2) that quantified caregivers’ endorsements to two survey questions: How satisfied were
they with the MHS? Would they recommend MHS to others?

Data analyses

All analyses were carried out independently by an academic university’s Department of Biosta-
tistics, not connected with MapHabit, Inc. or any study authors. Statistical Product and Service
Solutions (SPSS) statistics software, developed by International Business Machines Corpora-
tion (IBM), was used for all analyses. Paired group comparisons used the nonparametric Wil-
coxon matched-pairs signed ranks test, and unpaired comparisons used the nonparametric
Mann-Whitney test. All comparisons used 2-tail tests. For Quality-of-Life item analyses, the
one-sample Wilcoxon test (also referred to as one-sample Wilcoxon signed-rank test) was
used to compare scores against the null hypothesis (score of ‘3’).

PLOS ONE | https://doi.org/10.1371/journal.pone.0284738 May 24, 2023 5/10


https://doi.org/10.1371/journal.pone.0284738.g002
https://doi.org/10.1371/journal.pone.0284738

PLOS ONE

Improved Independence and Quality of Life in Children with Down syndrome Using Assistive Technology

Results
Demographics

Spearman’s rank order correlation test was used to analyze for any associations between the
demographics of participants and their respective scores on the assessments. No correlations
of significance were found between any of the participants’ demographic variables (Table 1)
and scores on any the pre and post assessment variables (all p values > 1.0).

ABAS-3

GACI1 refers to pre-scores. GAC2 refers to post-scores. The 26 participants obtained a median
GAC2 score of 48.0 at the end of training, 5.5 points (8.5%) higher than their median GAC1
score of 42.5 (p = 0.0071; Table 2). Eighteen participants (69.2%) showed improved scores
(GAC1 =39.5; GAC2 = 53.0; (p = 0.001), while eight participants (30/7%) showed lower scores
(GACI score = 47.5; GAC2 score = 40.5; p = 0.0078). There was no significant difference
between the eighteen and eight participants in median GACI scores (18 participants = 39.5, 8
participants = 47.5, (p = 0.90)). For the pre-post comparisons, Wilcoxon matched pairs signed
rank test was used. The Mann-Whitney U test was used to compare between groups.

QOL-18

Scores for 13 of the 18 items reached statistical significance (i.e., they were significantly higher
than the null hypothesis score of 3.0; p values of the one-sample Wilcoxon test ranged

from < 0.05 to < 0.001; Fig 3). Five items had scores not significantly different from 3.0(all p
values > 0.05).

SS-2

The response scores of the 26 caregivers on each of the two questions were overwhelmingly
positive with 20 caregivers (76.9%) “strongly agree” or “agree” in answers to both questions.
Only two caregivers had negative responses to the two questions.

Discussion
ABAS-3

While the overall pre-post improvement between GAC1 and GAC2 scores was numerically
small (Table 2), the level of statistical significance was high (p = 0.0071), even though not all
participants showed improved GAC2 scores (see Results). Scores on the QOL-18 and the SS-2,
likewise, reflected overall strong positive experiences. Taken together, these findings suggest

Table 2. ABAS-3 pre and post scores.

Group Median (IQR) p’
GAC1 GAC2

All (1 = 26) 42.5 (25) 48.0 (27) <0.01

Improved (n = 18) 39.5(31) 53.0 (32) <0.001

Decreased (n = 8) 47.5 (14) 40.5 (16) <0.01

Note: IQR indicates interquartile range
! p values were calculated using the Wilcoxon matched pairs signed rank test; p<0.05 statistically significant; p<0.001
highly significant

https://doi.org/10.1371/journal.pone.0284738.t1002
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ADL Ability
Independence

ADL Speed
Cooperation

Better Moments
Memory

Overall Quality of Life
ADL Reminder
Enjoyment

Mood

Appreciation
Frustration

Coping

Social Interaction
Anxiety

Anger

Social Engagement
Depression

2
3

Note: One-sample Wilcoxon test was used for analysis
== Black lines indicate standard deviation

1 *** indicates p <.001

2 ** indicates p <.01

3 * indicates p <.05

4 ns indicates no significance

Fig 3. Quality of life scores. Average scores for the 26 participants on the 18-item Quality of Life questionnaire. Words on the left abbreviate the
full question (e.g., ADL Ability: “Compared to before using the MapHabit System, is your child’s ability to complete activities of daily living
now...”) and caregivers answered using the 5-point Likert scale that ranged from 1 = much worse to 5 = much better (see Methods).

https://doi.org/10.1371/journal.pone.0284738.9003

that the pre-post difference on the ABAS-3 assessment, although numerically small, repre-

sented a meaningful and positive behavioral change.

QOL-18

Thirteen of the 18 items were endorsed by caregivers as having significant positive changes (all
p’s < 0.01), including items related to accomplishing ADLs as well as items focused on other
behaviors and on emotions. Only five questions did not evidence change, (p’s > 0.05; Fig 3).
Caregivers frequently and spontaneously commented on how the use of the MHS improved
their own quality of life (e.g., reduced stress, caregiver burden) as well as that of their
participants.

SS-2

One of the challenges to the adoption of AT in various communities is simply ignorance of its
availability [16]. The majorly positive responses to the experiences using the MHS by
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caregivers in the present study are encouraging. Enhancing communication and understand-
ing of availability seems a small hurdle toward more universal use of AT.

Conclusion

The findings observed in this study underscore the feasibility of using AT and it having a posi-
tive impact on behavioral outcomes in children with DS within family settings. Moreover, the
findings set the stage for conducting systematic RCT studies to further evaluate the efficacy of
AT. To underscore the latter point, the present feasibility study did identify methodological
limitations that can inform future research of the MHS. First, a RCT would allow for a more
systematic assessment of variables that could impact behavioral change. Second, eight partici-
pants showed no improvement on ABAS-3 scores, and it would be useful to explore what vari-
ables (e.g., parent engagement, grouping of participants based on various other behavioral
phenotypes) might be linked to positive and negative outcomes. Third, our limited sample size
prevented meaningful exploration of the effects of demographic variables such as age, gender,
ethnicity, or additional intellectual disabilities, as well as more systematic subgroup analyses. A
good example is the ABAS-3 scores of the 18 participants who reported improvement versus
the 8 participants who did not. Retrospective power analysis revealed that in order to achieve a
statistical power of 0.80 to detect a 95% confidence (p = 0.05), a total sample size of 30 would
be required. Our recruited sample size (n = 26) for this current feasibility study was underpow-
ered for stratification into subgroups and points to the important consideration that research-
ers must be prepared to devote considerable time and effort to obtain adequate levels of
recruitment of Down syndrome families. Specifically, it will be important for future investiga-
tions to stratify participants with DS based on the severity of their intellectual disability. This
specificity can allow a deeper understanding of this AT’s effectiveness in the outcomes that
were observed here and address the wide range of intellectual or developmental disability that
is observable in the DS community. In turn, such investigation can expand to observe if AT
has a similar impact on other intellectual and developmental disability communities, such as
families with autism. Fourthly, we acknowledge that 28 participants did not complete the
study and resulted in incomplete data. This may have been due to the study having been taken
place during the beginning of the COVID-19 pandemic and subsequent nationwide lock-
downs in the United States. This was a time of uncertainty met with many challenges as fami-
lies were navigating quarantine protocols, school shutdowns, and lifestyle changes, leading to
the inability to continue with their participation in the study. Whether the incomplete partici-
pation of these subjects could have affected the study’s outcomes is another limiting factor.
Lastly, the study was not designed to focus on caregiver stress or burden variables, and the
impact of these variables will surely be useful to explore, as will having participants complete
their own assessments.

Previously published work within this field explored the efficacy of assistive technology for
children with Down Syndrome under the context of school learning or particular functional
skills, but the current findings that assistive technology can be used successfully and effectively
in family and home settings set the stage for more informative systematic studies. Overall,
these findings are encouraging. The use of AT may provide important and effective interven-
tions to help enhance overall quality of life and independence for children living with DS as
well as their parents or caregivers. Moreover, as described in the Introduction, AT has experi-
enced growing acceptance within the AD community as a useful intervention for helping
maintain QOL and independence. The availability of a similar kind of effective intervention
early in life in DS may prove advantageous for the well-being and continuity of care for the
intellectual disability community.
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