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Personal informatics (PI) has become an area of significant research over the past decade, maturing into a sub-field that seeks
to support people from many backgrounds and life contexts in collecting and finding value in their personal data. PI research
includes a focus on people with chronic conditions as a monolithic group, but currently fails to distinguish the needs of people
with motor disabilities (MD). To understand how current PI literature addresses those needs, we conducted a mapping review
on PI publications engaged with people with MD. We report results from 50 publications identified in the ACM DL, Pubmed,
JMIR, SCOPUS, and IEEE Xplore. Our analysis shows significant incompatibilities between the needs of individuals with MD
and the ways that PI literature supports them. We also found inconsistencies in the ways that disability levels are reported,
that PI literature for MD excludes non-health-related data domains, and an insufficient focus on PI tools’ accessibility and
usability for some MD users. In contrast with Epstein et al’s [36] recent PI review, behavior change and habit awareness were
the most common motivation in these publications. Finally, many of the reviewed articles reported involvement by caregivers,
trainers, healthcare providers, and researchers across the PI stages. In addition to these insights, we provide recommendations
for designing PI technology through a user-centric lens that will broaden the scope of PI and include people regardless of
their motor abilities.
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1 INTRODUCTION

The continuing advancement and broadening of the scope of personal informatics (PI) research are empowering
people to build self-knowledge and insights across many domains and individual user contexts [36, 40, 75, 106].
In addition to well-explored PI domains such as physical activity (e.g., [27]), diet (e.g., [37, 80]), and sleep
(e.g., [24, 134]), recent PI research has started exploring other domains. These includes mental health [98],
personal finances [64], chronic condition management [33], alcohol consumption [93] and many more. In a recent
mapping review of 523 articles in the PI literature, Epstein et al. [36] identified more than 20 unique personal data
domains that use PI for both health and well-being. However, PI has potential to further support the particular
contexts of more people’s lives through facilitating monitoring, feedback, and improvement [109]. One such area
where the potential impact for PI systems is huge is for people who have a motor disability.
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Motor disability can happen to anyone for a variety of reasons including traumatic events (e.g., spinal cord
injury), chronic conditions (e.g., multiple sclerosis), or internal biological process (e.g. stroke). For people who are
not born with a motor disability, the changes that happen in their lives after acquiring motor disability - either
dramatically (due to traumatic or acute incidents) or progressively (due to a chronic condition) — enormously
impact their needs [14] and interaction with technology [84, 116]. Although PI research has begun to explore
how to support peoples’ chronic conditions and motor disabilities, there are distinctions between these two
overlapping life contexts. For instance, people with motor disabilities use different types of assistive technologies
for transportation and independent mobility that might impact their needs for PI and technological interactions
with PI tools [18, 84]. Thus, people with motor disabilities have several unique needs and challenges — different
from chronic condition management — that demand explicit exploration in PI literature where their specific needs
and functional capacities will be considered. Furthermore, ignoring the unique challenges of people with motor
disabilities in PI research will limit knowledge of their needs and can deprive them of the potential benefits of PI
systems. As a first step towards facilitating equitable access to PI systems for people with motor disabilities, we
set out to review the literature at the intersection of personal informatics and people with motor disabilities.

We conducted a mapping review on PI publications published between January 2010 and March 2021 that were
indexed in the ACM digital library, PubMed, JMIR, SCOPUS and IEEE Xplore. Our search identified 50 publications
where PI was implemented or discussed for people with motor disabilities. For each paper, we identified the data
domains, tracking processes (tools and interactions), and motivations of the PI artifacts implemented or discussed
for people with motor disabilities. We also identified which PI stages [74] were present in these papers and the
considerations researchers made for people with motor disabilities when designing or discussing PI systems for
this target population. Our analysis of these publications revealed:

e There are inconsistencies in reporting the level of motor disabilities in current PI publications

e Contemporary PI only focuses on the health related domains of people with motor disability, despite a
need for other PI domains to account for or accommodate motor disability in their design

o Current PI systems do not accommodate the wide range of disabilities and co-morbidities that people with
motor disabilities can have

o Individuals other than participants — such as family members, caregivers, researchers, and doctors — were
extensively involved in all of the PI stages

The primary contribution of this work is a deep understanding of the complex space between PI and motor
disability, exploring the research gap between these two critical domains and demonstrating how future PI research
can do a better job of facilitating equitable access and improving the lives of people with motor disabilities. In
addition to identifying factors that inhibit contemporary PI from facilitating support to the target population,
we further provide guidelines for designing future PI systems for people with any disability, adapted from the
principles of Universal Design [28]. Our work also demonstrates a concrete pathway for making PI more inclusive,
broadening the scope of users that PI can serve, and better serving individuals with different disabilities.

2 RELATED WORK

As PI matures as a research domain, it has become increasingly important that PI systems serve the long tail of
diverse user contexts and their associated needs. In this section, we first discuss how current PI literature engages
this diversity of people’s lives. Then we describe the impact of motor disability on the lives of people who have it,
and how PI has the potential to better support them through self-tracking, self-monitoring, and self-reflection.

2.1 A Brief Summary of Personal Informatics

PI is a maturing research area that explores the potential for a broader spectrum of personal data to lead to
self-insight and discovery. While individual PI research and associated systems contributions necessarily focus
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on specific types of personal data, some research in PI also reaches across multiple facets of life by taking a more
abstract view to produce domain-agnostic theories and models. For instance, Li et al’s [74] five-staged model
delineates preparation, collection, integration, reflection, and action phases of PI activities — data discovery and
maintenance stages were included later as the crucial stage of the PI process [75]. Similarly, Choe et al. s [23]
self-monitoring model is another frequently used PI model which identified that reflection happens through
feedback during data collection. Rooksby et al. [111] describe an alternative perspective, called lived informatics,
which described self-tracking practices as ‘lived’- entangled with an individual’s everyday life; and Epstein et
al’s [40] translated this perspective into a lived informatics model that included “lapsing” and “stopping” as
essential stages of PI. These models enrich our understanding of PI by facilitating a broader view of the scope,
motivations, and steps involved in PI across different domains.

Despite the value of building a unified understanding of personal informatics across domains and users, too
strong of a focus on these higher-level perspectives risks losing sight of individual users and user contexts. The
lived informatics perspective on PI argues that activities related to personal informatics are deeply entwined
in and impacted by the individual differences of peoples’ lives [111]; motor disabilities impact many aspects of
people’s lives, not acknowledging those differences and scopes in the PI literature means ignoring people with
motor disabilities and leaving them behind. Moreover, to enrich the “human experience” in PJ, the introduction
to a journal special issue on personal informatics identified the need to look beyond mainstream PI and facilitate
new angles for designing and developing PI systems [31]. These angles may include incorporating diverse
needs/constraints/abilities, exploring different engagement (direct or passive) with data, and contextual issues
associated with those interactions. The primary objective of this review is to respond to this call to look beyond
mainstream PI to understand how motor disabilities are discussed in the context of PI literature, and to identify
opportunities and best practices to better support individuals with motor disabilities through PI systems.

There have been several efforts to look across the PI literature to synthesize and communicate different aspects
of PI, including design approaches for managing health and wellness [29], strategies for fostering engagement [52],
types of reflection [12], strategies for sharing [38], approaches to health behavior change [68] and PI tools and
interactions [2, 116]. Recently and especially notable, Epstein et als [36] mapping review opened up the broader
question of generalizability of the gained knowledge on PI — whether this knowledge will be applicable for every
aspect of peoples’ lives. In this paper, we focus on the impact that motor disabilities can have on individuals’
lives and the ways that PI engages those impacts. In the following subsections, we describe various aspects of
motor disability and why these aspects are unique and need to be studied distinctively in PI research.

2.2 Causes and Types of Motor Disability

Motor disability is a broad term, and the nature of an individual’s motor disability or motor impairment (broadly
known as physical disability) is widely varied, causing partial or total loss of bodily function affecting single or
multiple limbs, or total paralysis [57]. There are many reasons for motor disabilities, such as traumatic events,
chronic conditions, stroke and brain injury [120, 127]. All of these reasons cause different levels of motor disabili-
ties. For instance, Spinal cord injury (SCI) is a common traumatic event that can happen suddenly due to motor
vehicle accidents, acts of violence, falls, and sports and can cause paralysis of only legs (paraplegia) or both legs
and arms (tetraplegia). Another primary reason for motor disability is neurodegenerative chronic conditions
and congenital conditions, such as multiple sclerosis, muscular dystrophy, cerebral palsy, or parkinson’s disease
that affect the central nervous system of the human body and can cause impairments to a specific part of the
body. A stroke can also lead to motor disability. A stroke is an acute event of chronic conditions [104] and
causes a sudden interruption in the blood flow to the brain - thus impacting a person’s ability to move a part of
the body and causing disability. Irrespective of the reasons, the resulting motor disabilities and their severity
vary as a continuum among people — where at one end there are people with minimal disabilities (little or no
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limitation in their abilities) - there are people with more severe disabilities at the other end of the continuum who
need to use a wheelchair or other assistive technologies for mobility or get help from caregivers for daily tasks [21].

2.3 Pl has the Potential to Provide Support for Aspects of Motor Disabilities

In recent years, PI literature has investigated self-management practices and self-care technologies for people
with a range of chronic conditions [63, 89, 105, 114]. These efforts have demonstrated that self-tracking [86] and
monitoring symptoms [59, 102, 122, 129] can provide valuable support for managing chronic conditions. People
with motor disabilities also must carry out regular self-care activities [14]; and similarly PI has the potential to
provide support through self-tracking [90], self-monitoring [123], and setting specific goals [114]. In many cases,
physical therapy and rehabilitation play an essential role in improving and maintaining mobility and long-term
quality of life for people with motor disabilities. PI systems have the potential to support the treatment process
and restore or improve independent motor function through data collection, self-monitoring and reflection. While
a recent mapping review of PI literature shows that some work with PI technologies has explored supporting
people with chronic conditions [36], no reviews to date have specifically examined motor disabilities in the PI
literature. This is especially important, as past HCI literature sheds light on the multi-faceted challenges people
with motor disabilities face [60, 71] including the different levels of functional abilities, comorbidities, or other
disabilities — challenges which researchers and system builders must account for to support those individuals.
Thus, there is a need to examine to what extent PI literature acknowledges these multiple facets of motor disability.
That inspires us to ask our research question:

RQ1. How are motor disabilities reported in current PI literature?

In the recent mapping review of PI literature, Epstein et al. [36] examined 523 PI publications to explore which
of those studied, discussed, or followed the stages of the stage-based model of PI [74] — preparation, collection,
integration, reflection, action. The review showed that more PI work has focused on collection and reflection, with
considerably less focus on the other stages. We also wanted to investigate how the stages of the PI staged-based
model appear in PI literature that includes people with motor disabilities and how they implement or address
those stages:

RQ2. How are the stages of the stage-based model of PI represented in the PI literature for people
with motor disabilities?

There is considerable PI research exploring chronic conditions. This work endeavors to support people in
managing their conditions, which can include motor disabilities; thus, there is some overlap between the PI
literature on motor disabilities and chronic condition management. However, many chronic conditions are very far
away from motor disabilities, and the requirements for motor disabilities imposed by PI systems are significantly
different from other types of chronic conditions. Notably, PI systems for people with motor disabilities must con-
sider the need and types of interaction that substantially differ depending on the level of motor disability [21, 56].
For instance, upper body impairments can have a significant impact on the types of technology people can use and
interact with because these users are mostly power wheelchair users [18]. Moreover, motor disabilities resulting
from chronic conditions have slow progression, and in most cases worsen over time. In contrast, traumatic and
acute conditions can cause motor disabilities suddenly, and it is possible for motor function to improve gradually
over time. Thus, there is variability in people’s functional capacity and that requires special consideration in
designing tools and interactions. From this perspective, we examine the literature to identify motivations for
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data tracking; the types of personal data tracked; and the types of tracking tools and technological interactions
are reported in current PI literature for this population:

RQ3: What are the motivations for the work conducted in previous PI literature involving people
with motor disabilities and how was the personal data collected to support them?

Epstein et al. [36] also summarized data domains and tracking motivations of 523 PI publications. That review
identified only four publications that involved wheelchair users [17, 19, 20, 85] and only one publication that was
tagged with as “mobility impairment” as the tracking domain [85]. Moreover, none of those papers deployed
PI systems to their participants, and out of all of the participants in those four papers, only two — from [85]
— reported using PI tools. This inspired us to further explore what are the specific factors to consider while
designing future PI systems for this population. Here we identified our last research question shedding light on
the existing literature:

RQ4: What are the recommendations previous literature provide for technology design in the PI domain for
people with motor disabilities?

In the next section, we describe our criteria for selecting publications for the review study and the data
extracting and analysis process we followed to answer these research questions.

3 METHODS

Our primary objective in this process was to identify as many papers as possible that could help to inform a
perspective on how individuals with a motor disability engage, or might engage, with personal informatics
systems. We began our process by identifying keyword search terms, and settled on the following combination of
keywords: “personal informatics” or “personal data” or “self tracking” or “tracking devices” or “self-monitoring”
or “self-management” And “mobility impairment” or “motor impairment” or “motor disability” or “wheelchair” or
“paraplegia” or “tetraplegia”. To select the keywords, we first looked for the most cited papers in PI domain [35, 40,
74,76, 106] and selected the most frequently used synonyms for the term “personal informatics”. We also searched
several health-related online databases for the most frequently used alternate terms for “motor disability”. Through
this process, we also identified that “self-management” was frequently used as a synonym for “self-tracking” - a
significant number of health-related publications we came across involved “self-tracking” without specifically
using that phrase, instead opting for “self-management”. Next, using the combination of selected keywords, we
searched in ACM digital library, Pubmed, JMIR, SCOPUS, and IEEE Xplore for papers published between January
2010 and March 2021. This process yielded 337 publications from the initial search. Notably, the IEEE Xplore
digital database returned zero publication when we searched with the combination of our keywords. Next, we
identified an additional 23 relevant publications from review papers that had surfaced in our results which were
published between 2010 to March 2021.

After removing duplicates and review papers, we had 331 publications. We performed an initial screening
reading through the abstracts of all of these publications. Through the initial screening, we excluded 15 publications
because the full text was not available online (5), they were not in English (1), they were conference proceedings
(3), books (3), or workshop summaries (3). For the remaining 316 papers, we used the following inclusion criteria:
(a) the study should include at least one participant with a motor disability; and (b) the research process should
involve participant activities or experiences related to data collection, self-tracking, tracking devices, or self-
monitoring. We excluded publications that: (a) only describe system /application development without any user
involvement/ interaction, (b) describe a future study protocol, and (c) report on clinical trials of drugs or medical
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treatments. We chose these exclusion criteria because, without any participant involvement (exclusion criteria
a and b), these publications are less relevant to our research questions and clinical trials of drugs or medical
treatments (exclusion criteria c) are outside the scope of our study.

We also excluded publications where participants had a motor disability as a result of aging. The reason for
the exclusion is that age-related mobility impairments are sufficiently different from other motor disabilities [81].
Additionally, the interactions of older adults with technology come with its own set of additional perspectives and
literature, which are out of the scope of this review. To illustrate, in their recent literature review on accessibility
papers of CHI and ASSETS from 1994 to 2019, Mack et al. [81] reported that disability resulting from older
age-related issues in the accessibility community mostly revolve around cognitive impairment or tremors; that
work categorized age-induced mobility impairments outside the realm of motor/physical disabilities ( 72 out
of 506 or 14.2% publications on the motor or physical disabilities, and 45 out of 506 or 8.9% publications on
older adults). Similarly, Vines et al’s [128] analysis of 644 papers on older adults — published between 2007 and
2012 across 16 HCI venues — identified that the declining abilities of this population make the technological
interaction extremely challenging. Specifically, the authors identified that physical changes caused by aging,
such as diminished sight, movement restrictions, cognitive limitations related to reduced working memory, fluid
intelligence, episodic memory, attention deficit, and sensory processing, contribute to challenges with technology
interaction. Therefore, we draw the scope of our review and exclude the papers from our review study that
primarily focus on motor disabilities due to aging.

According to the inclusion and exclusion criteria, we discarded 260 publications that: did not implement or
discuss any PI elements (131), were not related to motor disability (97), worked exclusively with participants who
were older adults (15), focused only on system development without engaging users (7), reported future study
protocol (6), and reported clinical trials of drug or medical treatments (4). The publications that we discarded
for not being related to motor disability had participants with other health issues (e.g., low vision, diabetes,
obstructive pulmonary disease, post-COVID, lung cancer, gastric cancer, heart failure, bi-polar disorder, or
asthma), and no participant was reported as motor disabled. The list of the discarded papers and the discarding
criteria are provided in supplementary material. Through this process, we identified 56 unique studies involving
motor disability and at least some PI elements. Further, we identified 12 publications — six pairs — that report
on the same study. Ultimately this resulted in 50 studies that were included in this review. Figure 1 shows the
PRISMA [77] flow diagram of our publications search for this mapping review.

Among the identified publications, 13 publications were indexed by JMIR (Journal of Medical Internet Research)
and nine by ACM. The other venues that indexed our selected publications are: Journal of Spinal Cord (5),
Journal of Spinal Cord Medicine (5), Journal of Disability Rehabilitation (2), Archives of Physical Medicine and
Rehabilitation (2), Journals of Pilot and Feasibility Studies (2), Journal of assistive technology (2), and other
physical and rehabilitation medicine journals. 32 of our selected publications (64%) reported that they involved
self-tracking or self-monitoring in their study process. The other 18 or 36% publications reported interviews,
user study or case study where elements of self-tracking or self-monitoring were discussed. As there were
comparatively fewer publications involving both PI and motor disability domains, we included publications
where any kind of self-tracking was involved or discussed. However, for some of the included papers, there was a
data tracking element present, but the tracked data was not directly used by the participants’ for self-reflection;
Instead, the researchers used the data for research purposes such as developing an activity recognition model
or validating the process of physical activity measurement. These papers would typically be considered out of
the scope of personal informatics literature. We considered excluding these papers, but determined that these
studies could provide a valuable perspective into the self-tracking and data collection aspects of PI. Furthermore,
we were concerned that excluding these papers would result in too few overall papers being included in this
literature. Thus, we included these papers in the review with an objective of broadening the scope of P1 literature
and to better inform future efforts towards inclusive research in personal informatics.
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337 publications identified 23 additional publications identified
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Fig. 1. The PRISMA flow diagram of publication search for the mapping review

3.1 Data Retrieval from the Selected Publications

To conduct the mapping review, we carefully read through the selected articles and extracted data to answer the
overall question of this review: what does current literature tell us about PI for people with motor disabilities?
As we read each paper, we focused on information relevant to our research questions. For example, we noted
how motor disabilities were described and which PI stages were presented in these literature to answer RQ1
and RQ2. We further identified aspects of motivations, data domains, and tools used for data collection and the
interaction (RQ3); and any challenges or caveats identified in those papers to answer RQ4. While coding the
studies for data tracking domain and motivation, we used Epstein et al’s [36] keywords as a guideline and tagged
publications accordingly to maximize the consistency. We found studies that had multiple domains of tracking
and participants who had multiple levels of disabilities. Additionally, while coding for how disabilities were
reported, we extracted the causes of the motor disabilities when they were reported in the publications. Each
publication was read thoroughly by one researcher multiple times and thoroughly reviewed between authors to
settle on the final set of codes.

To answer our RQ2, we analyzed the studies to examine whether current PI literature employed or discussed
any of the stages of Li et al’s stage-based model. After we extracted this information for 10% of the included
papers, we found that due to the nature of the study participants’ functional capabilities, there was a significant
emphasis on individuals other than the study participants, such as caregivers, coaches, trainers, health care
providers, or members from the research team playing a role in the PI stages in the literature. This led us to make
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Fig. 2. Publications on personal informatics for people with motor disabilities have risen steadily over the past decade. Note
that, publication counts until March, 2021 are presented in this figure.

an adjustment to the classical definition of the PI stages [74]. For instance, any publication that discussed the
preparation stage where individuals other than the primary participant helped the participants to initiate tracking
or support in the decision process was coded as “preparation”. We then coded all the publications according to
our newly adjusted definitions — how individuals other than the study participants were involved in those stages.
For the rest of this study, we mention those individuals as “supporting individuals”.

3.2 Limitations

There may be relevant publications that are not included in this mapping review, in particular, if a study included
participants with motor disabilities in situations where motor disability was not the focus or an explicit inclusion
criterion. Given the barriers to participating in research [60], we believe this is relatively unlikely; however it
is possible. We aimed to capture all studies that include participants with motor disabilities and at least one
element of PI systems. We did not include “Google scholar in our data sources because in our preliminary efforts
it yielded a high volume of irrelevant and non-archival (e.g., magazines, news articles, reports) publications. We
also excluded publications that was published before 2010 as the keywords were not well-matched, similar to the
recent PI mapping review [36].

4 FINDINGS

Through this review, we identified multiple opportunities for personal informatics research to better serve people
with motor disabilities through the ways that research is conducted, the topics that are studied, the way that
systems are designed and implemented, and the way that results are reported in the literature. We discuss these
results in detail below.
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4.1 RQ1. Inconsistency in the Reporting of Motor Disabilities in Current PI Literature

Based on our review of current PI literature, we found that most publications report two types of information
on motor disabilities: (1) the reasons for the motor disabilities — generally including SCI, stroke, or other
neurodegenerative diseases — and the lesion levels if applicable, and/or (2) the participants’ walking abilities
or types of mobility-assistive devices used by participants including wheelchairs, canes, sticks, or crutches. We
provide more context on the different types of motor disabilities reported in the reviewed publications and discuss
how reporting the aforementioned information on motor disability leads to inconsistency.

4.1.1 Inconsistent Reporting of the Cause of Motor Disability Does Not Give Enough Insight into Participants’
Functional Capabilities. As shown in Table 1, PI literature inconsistently reports the level of motor disabilities
which make it challenging to communicate the actual ability of participants and how the methodology was
adjusted accordingly. Notably, the majority (26 or 52%) of the 50 publications that we reviewed only included
participants who were disabled due to a SCI. In addition, 11 or 22% publications reported that the plurality of their
participants (mean of percentage of participants across 11 papers M=45%, SD = 25.3) had motor disabilities from
SCI - other participants had motor disabilities from cerebral palsy (M=24.1% SD = 24.1) or spina bifida (M=24%,
SD = 26.9), multiple sclerosis (M=3.5%, SD = 7.3), transverse myelitis (M=1.4%, SD = 3.3), stroke (M=1.6%, SD = 3.4)
or arthritis/osteoarthritis (M=3.8%, SD = 7.5) or limb amputation (M=3.6%, SD = 9.8) or autoimmune neuropathy
(M=3%, SD = 7.3). Among the remaining publications, eight or 16% publications reported other primary causes
for participants’ motor disabilities — stroke (3 or 6%), multiple sclerosis (2 or 4%), cerebral palsy (1 or 2%) and
spina bifida (2 or 4%), and five or 10% publications did not report any reason for participants’ motor disabilities.

In cases where publications reported motor disabilities resulting from SCI or spina bifida (shown in Table 2),
they reported disability level [115] of the participants according to the lesion level - the affected location on
the spinal cord: (1) impacted spinal cord sections (16 out of 50 or 32%); and/or (2) types of paralysis (paraple-
gia/tetraplegia) (11 out of 50 or 22%); and/or (3) mobility levels according to American Spinal Injury Association
(ASIA) impairment scale (9 out of 50 or 18%). Among the 16 publications that reported participants’ impacted
spinal cord sections, 31.4% of participants had a cervical injury (SD = 21.2), 58.2% had a thoracic injury (SD =
25.5), 10.9% had a lumbar injury (SD = 18.1) and 1.3% had a sacral injury (SD = 3.6). Among the 11 publications
that reported the paralysis types, 52.7% of participants had paraplegia (SD = 15.6) and 43.8% of participants
had tetraplegia (SD = 15.4). Among these nine publications that reported AIS grade as disability level, 61.9% of
participants were reported as AIS Grade A (SD = 29.7), 9.5% of participants as AIS Grade B (SD = 12.5), 13.3% of
participants as AIS Grade C (SD = 11.9), and 15.4% of participants as AIS Grade D (SD = 28.4). Some publications (17
or 34%) also used combinations of these three reporting categorizations. In addition, some publications (7 or 14%)
reported on participants who had motor disabilities because of other reasons (stroke, multiple sclerosis, cerebral
palsy) by reporting participants’ disability level according to the types of activities they were not able to do (e.g.,
walking difficulty [53]) or specific impaired body position (e.g., defective hand position [51]). Thus, there was a
lack of uniformity in reporting these disability levels, and it was unclear whether there were any considerations
or methodological adjustments made depending on the disability. For instance, publications reporting cerebral
palsy [51] or multiple sclerosis [53] did not specify the disability level, making it challenging to understand the
functional capabilities of the participants.

4.1.2  Reporting Mobility Assistive Tools Lacks Specification. Our analysis reveals that the wheeled mobility
devices or mobility-assisted tools of the participants reported in the publications lack specifications and do
not explicitly inform participants’ level of motor disability. Thus, only providing the types of assistive devices
participants use is not enough to capture participants’ motor capabilities. We found that 22 or 44% of publications
reported the type of wheeled mobility devices (e.g., scooters and manual or powered wheelchairs) and 19 or 38%
of publications reported that participants were wheelchair users — no wheelchair specification was mentioned.
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Table 1. Reviewed publications reported participants’ level of motor disabilities in two different ways — lesion level/ability
level and types of mobility assistive tools (MAT) participants used for mobility.

Lesion Level Reported Mobility Assistive Tools (MAT) Reported
Segments of Other Wheelchair Wheelchair
Cause of |Paper Spinal Paralysis | ASIA|| MAT Reported Types User
MD N |Cord Affected| types |Scale ||(with wheelchair)| reported |(Type not reported)|No MAT
6 v 3 out of 6 3outof6
4 v 1 out of 4 1 out of 4 2 outof 4 1 out of 4
SCI 9 v v 5 out of 9 3 outof 9 1 out of 9
5 v v 2 out of 5 2outof 5 1 out of 5
1 v v v 1 out of 1
Spina
Bifida 1 v 1outof 1
SCI and 6 1 out of 6 4 out of 6 2outof6
other 3 v 1 out of 3 1 out of 3 2 outof3
2 v v 1 out of 2 2 out of 2
Disability Level
1 Less arm functionality 1 out of 1
Stroke 1 Upper body impairment 1 out of 1
1 Disabled 1 out of 1
Cerebral Unable to walk,
Palsy 1 defective hand position 1outof 1
Multiple 1 Walking difficulty 1outof 1
Sclerosis
1 1outof 1
Spina
Bifida 1 Walking difficulty 1outof 1
No 5 5out of 5
Cause 1 Walking difficulty 1 outof 1 1outof 1
Total | 50 | | 5 [ 22 ] 19 [ 7

Five or 10% of publications reported that participants used other mobility assistive tools (e.g., stick, crutch, cane).
The type of wheeled mobility device someone uses usually depends on a variety of factors, including their
physical ability, cost, transport-ability, and appropriateness for indoor or outdoor use [118]. Generally, manual
wheelchairs are more maneuverable and have a range of options for postural support; however, they require
more physical effort to operate. In contrast, powered wheelchairs (PWCs) require less physical effort, make
long-distance travel more accessible, and provide greater independence over positioning and postural support,
but require higher cognitive ability and are difficult to transport [118]. Similarly, with less expensive powered
options and minimal options for postural support, scooters are more readily available without assessment and
prescription and are used primarily outdoors and for long-distance travel. Although a general assumption is
powered wheelchairs/scooters are used by people with severe motor disabilities (less/no upper and lower body
functionality) [112]; many other factors make users decide on the types of wheeled mobility devices. Therefore,
reporting the types of wheeled mobility devices or mobility-assistive tools does not provide accurate information
on the participants’ motor disability levels.

As shown in Table 1, 31 or 62% of publications reported both the lesion types (one or more types) and types of
mobility-assistive tools/wheelchairs. However, there is no overall consistency in reporting the level of disabilities;
thus, participants’ ability to perform the data tracking process is quite unclear. For instance, Froehlich-Grobe et
al. [44] mentioned that participants were both manual (74.2%) and power wheelchair (25.8%) users and participants
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Table 2. Participants’ Motor Disability Level [115] reported in the publications by different lesion types for SCI and spina
bifida. Note that some publications reported more than one lesion type, and some publications reported no lesion type.

Types of Motor Disability % of Participants

Reporting w/ this

(Among 50 Publications) |Details of Disability Level disability level
Cervical section: 31.37%

i. Contains eight cervical segments (C1 to C8)

ii. Impacts head and neck region above the shoulders
Thoracic section: 58.15%
i. Contains 12 thoracic segments (T1 to T12)

ii. Impacts upper chest, mid-back and abdominal muscles

According to the iii. Arms and hand functions usually remain normal
Segments of Lumbar section: 10.93%
Spinal Cord i. Contains five lumbar segments (L1 to L5)
16 or 32% ii. Impacts hips and legs resulting difficulties to walk
Sacral Section: 1.3%

i. Contains five sacral segments (S1 to S5)

ii. Impacts hips, back of the thighs, buttocks and pelvic organs
iii. People most likely able to walk

Paraplegia: 52.69%
i. Paralysis happens primarily in the trunk and legs
thoracic, lumbar or sacral area

According to the ii. People possess good functioning of the arms and hands;
Paralysis Type Tetraplegia: 43.83%
11 or 22% i. Paralysis happens in the hands and

partially of the arms, trunk and legs
ii. Damages occur in the cervical area
AIS Grade A = Complete: 61.94%
i. No sensory or motor function left below the injury level
AIS Grade B = Sensory Incomplete: 9.45%
i. Sensory present but no motor function below the injury level
According to the ii. Some sensation is preserved in the sacral segments S4 and S5
AIS Grade AIS Grade C = Motor Incomplete, Sensory Incomplete: 13.27%
9 or 18% i. Both motor functions and sensory

are preserved below the injury level

ii. Key muscles are not strong enough to move against gravity
AIS Grade D = Motor Incomplete: 15.42%
i. Half or more key muscle functions remain
active below the injury level

had different reasons for motor disabilities (e.g., SCI, cerebral palsy, spina bifida, multiple sclerosis, and amputation)
but no lesion level was reported. Similarly, Reichard et al. [110] reported that participants( 71%) in their study
were using a wheelchair, cane, or other appliance to assist with walking — this implies that the participants had a
wide range of capabilities; however, it omitted other details, including the types of wheelchair (manual or power)
participants were using, the reason for motor disability, or lesion level. As a result, it is not clear whether the
data tracking mechanism (self-reporting) they used in both studies was well-suited for all participants or if they
had adjusted according to participants’ needs. In addition, whether the methodological decisions were taken
according to the participants’ disability level were not mentioned in the 12 or 24% of the reviewed literature that
reported only participants’ mobility assistive tools, or in the one or 2% of the literature that only reported that
participants were a motor-disabled population. Likewise, 19 or 38% of the reviewed articles did not report the type
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of wheelchair participants were using — although two publications among them mentioned that a wheelchair was
the only means of mobility for their participants; their lesion types were also reported inconsistently. Furthermore,
Among the eight studies where participants were both manual and power wheelchair users, the number of
power wheelchair users was lower than the manual wheelchair users in six of the studies: roughly 20% in each of
[17, 32, 44, 47, 85], and 40% in [84]. The other two studies had more power wheelchair users — six out of 11 [3],
and four out of five in [135]. Notably, in both publications where power wheelchair users were the majority, the
study method was an interview rather than implementing and deploying a PI tool. Thus, we have little specific
knowledge of how people with power wheelchairs (having severe motor disability [18]) use self-tracking or
monitoring tools.

As a summary, across the reviewed literature, there was no clear standard for how to report the abilities of
study participants. Moving forward, a standard format for reporting physical abilities of participants would
improve the utility and tranferability of findings.

4.2 RQ2: Pl-stages are Focused on Individual Trackers, But Pl Research with People who Have Motor
Disabilities Often Involves Additional Supporting Individuals

The reviewed publications explicitly discussed how the tracking process was initiated, how participants carried
out the tracking, and how supporting individuals were involved. Therefore, through our lens of considering the
involvement of supporting individuals in all PI stages described in Section 3.1, more publications were coded for
PI stages than would have been if we were only considering the primary participant. Notably, the percentages
of publications reporting PI stages are remarkably higher than the percentage of stages that Epstein et al. [36]
reported across PI. Numbers from that review include preparation: 60 out of 523 or 11%, collection: 86 out of 523
or 16%, integration: 169 out of 523 or 32%, reflection: 119 out of 523 or 23% and action: 153 out of 523 or 29%. In
contrast, results from our review, shown in Figure 3, show that the Preparation stage is the most included/reported
stage (80%) among the other stages of the PI model in the literature. Reporting percentages for subsequent
stages are lower. Fewer publications reported the integration (15 or 30%) and the action stages (16 or 32%) and
participant involvement in the integration stage and supporting individuals’ participation in the action stage
were not reported at all. We describe more details about each phase below.

4.2.1 Preparation. We found that most (40 or 80%) publications mentioned or discussed the preparation stage,
and supporting individuals were highly involved in all of them. For instance, 17 publications (34%) reported
that supporting individuals were involved in providing training or having meetings with the participants before
starting the data collection process to help them decide what to track and how to track. Among them trained
coaches provided initial instructions and training on diet before starting tracking food consumed [44, 110],
occupational therapists, caregivers and researchers provided training on how to operate the camera feature of
the mobile application and to identify potential images to capture [51, 113, 117], the clinical team provided initial
teaching on relevant self-care activities and common health issues of which participants should be aware [14],
occupational therapists conducted explanation sessions to demonstrate the range of exercises and protocols to be
performed [46, 56, 66, 84, 100, 121, 125], and researchers provided initial explanation and demonstration on system
operation or application navigation before systems or applications were installed for data collection [47, 53, 69, 73].
12 publications (24%) also indicated that supporting individuals played a primary role in placing and attaching the
sensors on participants’ bodies [11, 55, 65, 73, 101, 108, 124] or wheelchairs [9, 19, 32, 108, 132]. In addition, 10
publications (20%) also noted that supporting individuals were involved in configuring the data collection - such
as calibrating sensors [20, 34, 47, 121], installing the applications on participants’ devices [47, 125, 135], providing
measuring supplies for the urinary diary recordings [130], and supplying a rehabilitation equipment kit [100].
Similarly, 10 publications (20%) reported supporting individuals’ involvement in measuring physiological data
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Fig. 3. Most publications focus on preparation stage, with less of a focus on the other stages

(e.g., baseline data) before starting the data tracking process [44, 56, 70, 101, 110]. Our analysis also identified
that supporting individuals, particularly health care providers, caregivers, and coaches, were greatly involved
in encouraging the participants to perform data tracking and monitoring activities [3, 8, 15, 19] and in the
goal-setting process [3, 16, 84, 95, 103] before starting the data collection process.

4.2.2  Collection. We found that 31 publications (62%) applied or discussed the collection stage. Among them,
24 publications (48%) reported supporting individuals’ involvement as conducting frequent visits, providing
reminders or check-in calls to check data tracking progress [9, 67, 99, 100, 117, 121, 125], providing technical and
moral support during the data collection process [8, 9, 47, 51, 53, 69, 70, 113, 121, 124, 130], helping in completing
the data collection by taking pictures on behalf of participants [113, 117], and monitoring and customizing the
collection process for different levels of data granularity [8, 15, 56, 65, 79, 85, 95]. Moreover, six publications (12%)
mentioned that the supporting individuals, particularly caregivers and clinicians, were involved or wanted to be
involved in the data collection process to monitor patients (the participant) in their self-care process to prevent
any immediate injurious incident. Monitoring during the data collection process included tracking whether
a self-care routine is working, providing revised self-care plans intermittently based on how each aspect of
activity affects the outcome [14, 15], modifying and tailoring the data collection process according to patients’
needs [34, 95] and helping patients to identify issues at an early stage [7, 8].

4.2.3 Integration. Fifteen publications (30%) mentioned or discussed the integration stage; researchers or health
care providers played a very active role — participants’ active involvement was not reported at all. 12 studies
mentioned that the integration process was done by researchers or coaches [11, 20, 32, 46, 55, 65, 66, 73, 101, 113,
124, 132]. Three publications reported that participants expected or wanted to perform the integration of their
tracked data to be able to post notes, change graphics format files, and interact with other users concerning
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the workouts [103]; to accommodate changing priorities and routines [15]; and to create personalized reminder
depending on changing context [7].

4.2.4 Reflection. We identified 26 publications (52%) that mentioned or discussed the reflection process. Among
them, 16 publications (32%) reported that participants were actively involved in reflection [7, 13, 51, 113, 113, 117,
121, 130] or expressed a desire to reflect [8, 16, 17, 19, 20, 95, 103, 125? ] on their own tracked data. 11 publications
(22%) reported that supporting individuals, particularly therapists, health care providers or trainers reflected
on or discussed reflecting on the participants’ tracked data relating to diet [3, 44, 110], physical activities and
performance [3, 19, 34, 70, 85], and self-care [3, 7, 14, 69, 130]. In addition, five publications (10%) mentioned
social aspects of reflecting on tracked data, such as the ability to see and reflect on other users’ data [103, 110] or
negotiation on data sharing with other users, caregivers, or heath care providers for reflection [15, 20, 84, 110].

4.2.5 Action. 16 publications (32%) referenced the action stage. These publications reported that participants
achieved or expected to achieve behavioral change [14, 16, 34, 67, 100, 110, 113, 117], improved motor skills [51, 70],
improved self-care practices [8, 44, 108, 130], or improved social interaction [16, 85, 103]. Supporting individuals’
involvement was not mentioned or discussed for this stage in any of the reviewed publications.

4.3 RQ3: The Breadth of Pl Domains in the Context of Motor Disability is Not Well-explored yet

We found that PI’s scope and potential in the context of motor disability are limited and underexplored in the
current literature. For instance, the motivations for using PI technology are limited to behavior change, habit
awareness, and managing chronic conditions. However, for the general population [36], PI usage has various
other motivations, including specific goals, social connections, curiosity, and external rewards, which are not
explored for this population. Similarly, the data tracking used for people with motor disabilities in contemporary
PI literature is largely confined to health-related data. In contrast, in Epstein’s review [36], there was a broader
set of domains that PI has the potential to encompass, including productivity, personal finances, screen time, and
sustainability that are missing for this population. Further, the data collection process, including tracking tools
and interactions reported in the reviewed literature, were not chosen taking into account participants’ functional
abilities. For instance, most body-worn data trackers were attached to the upper part of the body, such as the
wrist, arm, and chest to collect data for physical activity, which is not appropriate for people with upper body
impairment. In this section, we report our detailed findings on how the potential of PI is less explored in the
context of motor disability.

4.3.1 Pl Motivations Are Focused on Behavior Change, Habit Awareness and Chronic Condition Management. We
identified each study’s scope or interest and tagged their motivations using the categories for motivation and
definitions used in Epstein et al’s [36] mapping review. Table 3 shows the tracking motivation extracted from this
review study. We found that the most common motivations present in the literature were behavior change (20 or
40%) and habit awareness (20 or 40%). 17 studies (34%) were tagged for chronic condition management. In contrast,
six studies (12%) were conducted with the motivation of social connection such as — sharing tracked performance
data with teammates for building team spirit or inspiring future athletes [20], activity data among care network
(therapists, caregivers and people with motor disability) [15, 85], self-care plan among care network [14], seeking
social support for pressure ulcer prevention [72], and aiming team management in adaptive sports [19]. Moreover,
five or 10% studies had specific goal as motivation such as managing weight [110], self-managing hand spasms [51],
having more active lifestyle [67, 108], and improving upper-limb function [100]. Motivation for having a record (3
or 6% publications) includes exercise data [70], mobile usage experience [99], and pressure injuries [7]. External
reward participants received monetary incentives for self-reporting [110].
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Table 3. The frequency of tracking motivations among reviewed papers. The most popular motivations were Behavior change
(BC) (40%), Habit awareness (HA) (40%) and Chronic Condition Management (CCM) (34%). Note that some publications
reported more than one motivation.

Other Motivations
Motivation Publications w/ Motivation| % |This Motivation Only| (BC, HA, CCM)
Behavior change (BC) 20 40% 8% HA: 14%, CCM: 8%
Habit awareness (HA) 20 40% 4% BC: 10%, CCM: 14%
Chronic Condition
Management (CCM) 17 34% 14% BC: 8%, HA: 3%
Specific goal 5 10% 0% BC: 6%, CCM: 4%
Social connection 6 12% 2% HA: 6%, CCM: 4%
Having record 3 6% 2% BC: 2%, CCM: 2%
External reward 1 2% 0% BC: 2%
Supporting future research 14 28% 24% BC: 2%

The primary motivation for data-tracking in 14 or 28% of the publications was to support research on activity
measurement and monitoring for people with motor disabilities, particularly those in wheelchairs. This motivation
is different from traditional PI practices and builds upon the aim of developing a measurement model for
wheelchair energy expenditure or classification model of activities. While these research efforts do not facilitate
immediate self-reflection, they do contribute to the potential for future reflection through data tracking. These
publications included validating system-based activity monitoring systems [9, 11, 32, 121], measurement of energy
expenditure [56, 73, 101, 124] or activity detection [46, 65, 66] associated with manual wheelchair based activity,
analyzing psychophysiological response of paralympic athletes during competitive activities [13], accessibility of
wearable tracking devices and mobile apps [84], and developing a wheelchair information guide [78].14 or 28%
publication had the motivation for supporting future research.

We also identified 17 or 34% publications that implemented different interventions aiming for behavior change
and evaluated the efficiency of the interventions. These interventions include behavior interventions (6 or
12%) [44, 53, 67, 100, 110, 117], web-based intervention (3 or 6%) [70, 125, 130], mobile-based intervention (2
or 4%) [34, 69] and system-based intervention (6 or 12%) [9, 11, 32, 47, 108, 132]. We examined these behavior
changing interventions and mapped them with Abraham et al’s [1] taxonomy of behavior change techniques
for interventions. Table 4 shows the behavior change techniques used in those specific studies for people with
motor disabilities. We used the taxonomy of Behavior Change Techniques(BCT) [1] to categorize the techniques
employed or mentioned in the publications where the motivation was behavior change. We found that among
17 publications aiming for behavior change, the most frequently used behavior change technique was Prompt
self-monitoring of behavior (10 or 20%), followed by provide instructions (nine or 18%). We also found eight
publications (16%) that reported using Prompt specific goal setting, and eight publications (16%) that reported
using Prompt review of behavioral goals as behavior change techniques. Table 4 contains the complete list.

4.3.2  Only Health Related Personal Data Were Tracked in Current Pl Literature. As Table 5 shows, PI literature
that includes people with motor disabilities only focuses on health-related domains. The most frequent domain
is chronic condition management (30 or 60%), followed by physical activity (26 or 52%), motor function and
mobility (10 or 20%), general health (6 or 12%), and mental health (7 or 14%). Body vitals are tracked in 24
publications or (48%) as a secondary tracking domain for health related data. Notably, most (19 or 38%) of the
physical activity and exercise tracking for the people with motor disabilities involved with wheelchairs such as
wheelchair based exercises [9, 17, 19, 34, 44, 70], wheelchair transfers [11], wheelchair propulsion [17, 62, 66, 67],
wheelchair acceleration and Angular velocity [65], wheelchair based athletics and performances [17], wheel
revolutions with duration of movement [32], and wheelchair occupancy [32]. Moreover, activity was measured
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Table 4. Behavior Change Techniques (BCT) used in the 17 Intervention (Behavior, Web, Mobile, System) Studies Mapped
with Abraham et al’s [1] Taxonomy

Types of Interventions Reported
Behavior Change Techniques Reported | Publications| % |Behavioral| Web|Mobile |System
Prompt self-monitoring of behavior 10 20% 8% 4% 4% 4%
Provide instructions 9 18% 8% 4% 4% 2%
Prompt specific goal setting 8 16% 8% 6% 2% -
Prompt review of behavioral goals 8 16% 10% 4% 2% -
Provide feedback on performance 6 12% 4% 4% 4% -
Provide information on consequences 4 8% 6% 2% - -
Prompt barrier identification 3 6% 2% 2% - 2%
Set graded tasks 3 6% 4% 2% - -
Teach to use prompts or cues 2 4% 2% - - 2%
Model or demonstrate the behavior 2 4% 2% - - 2%
Use follow-up prompts 2 4% 4% - - -
Prompt practice 1 2% - - - 2%
Motivational interviewing 1 2% 2% - - -

through tracking wheelchair energy expenditure [55, 65, 73, 101, 124]. Some publications mentioned physical
activities and exercises that were not wheelchair-specific [84, 85, 100, 103, 108, 110]. Most of the data collection
durations ranged from one week to 12 months, however eight (16%) studies involved short term data collection
for validating, measuring or identifying wheelchair based physical activities [9, 11, 32, 55, 65, 66, 73, 101] with
activity durations ranging from two to twenty minutes.

Although Epstein et al’s [36] mapping review reported that most of the contemporary PI research involved
health or well-being related domains, there were also other aspects of lives — productivity, personal finances,
screen time, and sustainability. However, our study surfaced that PI with motor disabilities focuses only on
the health domain - heavily integrated with conditions related to disabilities. For instance, although physical
activity is the most frequent tracking domain in both studies, the activity types mainly involve wheelchairs for
the disabled population [17]. Therefore, tracking domains for PI are dependent on the user’s functional abilities.
Furthermore, PI publications that were reviewed by Epstein et al. [36] and addressed non-health-related aspects
of life did not mention the functional capabilities of participants — if they had, they would have shown up in the
search for this review paper as well. Therefore, the assumption that follows is that in non-health-related studies,
contemporary PI research either excludes people with a motor disability or includes people with a motor disability
without reporting their disability. However, past work highlights barriers to participation in research for members
of this population [60]. This suggests that individuals with motor disabilities are unlikely to participate unless
explicitly recruited. Moreover, fitting these participants into a general-purpose PI study— without considering
their unique needs and constraints — will likely result in challenges when conducting the studies and deploying
the technology.

4.3.3 Technical Capabilities of Data Collection Tools Were Emphasized More Than Their Usability or Utility.
Reviewed studies employed a variety of tracking tools to collect participants’ data — however, the usability of the
tools with respect to participants’ physical abilities was not a particular focus. Among the reviewed literature,
40% employed solely automatic data collection, 32% relied on self-reported data, and 28% used a combination
of both automated and self-reported. Publications emphasized the technological aspects and capabilities of the
devices (see Table 6) but typically described very little about their usability with respect to participants’ motor
disabilities. For instance, publications that employed body-worn Actigraph accelerometers (GT3X / GT3X+)
[46, 66, 67, 73, 101] for tracking physical activity did not explicitly explain why that tracker was chosen or if
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Table 5. Data tracking domains and the sub-domains of the 50 reviewed publications. ** Body Vitals are tracked as the
secondary data for other health related data. Note that most papers reported more than one tracking domains.

Data tracking domain | Sub-domain Publications (N) | % Among 50 Publications
Pressure Ulcers and skin problem 13
Urinary and catheterization 5
Chronic Condition Bowl management 3
Management Pain management 2

3

4

60%

Medication
Overall self-care

Wheelchair based activities and exercises 15
Physical Activity Non-wheelchair specific activities
Wheelchair energy expenditure
Hand function

52%

Motor function Mobility

and mobility Fall incidents

Mobile phone interaction
Environmental accessibility
Diet

Sleep

Mood and anxiety

Social support and relations

20%

General Health 10%

Mental Health 14%

Heart rate

02 consumption and saturation

CO2 measurement

Blood related measurement

Respiratory rate

Ambient condition and body temperature

**Body Vitals 48%

N = WD VD = 3 =D wa

there was an adjustment for the tracker placement according to the participants’ different level of disabilities.
Although all of these abovementioned publications reported that all participants were manual wheelchair users,
the reported disability levels differed significantly. Kooijmans et al. [67] reported that all participants had SCI
and different disability levels — 79.5% of all participants had complete, and 20.5% had an incomplete disability
(according to the AIS scale); 48.9% participants had tetraplegia and 51% had paraplegia (according to paralysis
type). Similarly, Nightingale et al. [101] reported that participants had diverse levels of disabilities; 52.82% of
participants had SCI and complete paraplegia with lesion levels ranging from T1 to L4; Other participants had
spina bifida, cerebral palsy, scoliosis, bilateral lower limb amputation — who were described as using a wheelchair
regularly. Thus, it is unclear from the future researchers’ perspective how the usability or placement of Actigraph
accelerometers (GT3X / GT3X+) differed for this population with diverse capabilities and what to consider when
designing data collection methods using this tracking tool in future research.

In the reviewed literature, we also found that most body-worn data trackers were attached to the upper part
of the body, such as the wrist, arm, and chest, to collect data for physical activity. Notably, the frequent usage
of upper body-worn sensors is inappropriate for people with upper body impairment. For instance, activity
tracker sensors mostly collected the activity and movement data from hands and arms and were attached to
the wrist [46, 67], worn at the dorsal side of the wrist using a wristband [66, 101], placed posterior to the ulna
and radius [73], or worn on the upper arm [44, 55, 55, 56, 65, 124]. Among them, for the participants who had
a cervical or thoracic level injury (e.g., [46, 56, 65, 66, 101, 124]) — which is associated with less functionality
in the neck region or upper chest, or had tetraplegia (e.g., [67]) — which is at least partial paralysis in hands,
arms and upper parts of the body, the placement and usability of the trackers are not well explained. However,
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the placement of sensors on the wheelchairs was explicitly distinguished and reported according to the type of
wheelchair. For instance, the tri-axial accelerometer of ActivPAL [32] was attached to the spokes of a manual
wheelchair and the inner circumference of a powered wheelchair’s wheel [32]. Table 7 shows the interactions
with different data trackers mentioned in the reviewed articles.

Table 6. An overview of tracking tools used in the 50 reviewed publications; Notably 42% publications reported tracking tools
related to physical activity tracking. Note that some publications reported multiple tracking tools and tracker type.

% Among
Tracking domain Tracking Tools Reported Tracker type Reported 50 Publications
Actigraph accelerometers (GT3X / GT3X+)
ActivPAL trio physical activity monitor
Activ8 sensor
Tri-axial accelerometer
Activity monitor (piezoelectric, 9 WU, ADXL335 )
Physical Activity WiFi-enabled microcontroller with 9-axis IMU 42%
SenseWear arm-band
Arm-based activity trackers
(PAMS-arm, PAMS-wrist, VAvofit)
Commercial Tracker Apple watch
Fitbit
. Metabolic cart K4b2 portable metabolic cart
Metabolic measurement . o 14%
Metabolic measurement system | Open-circuit spirometry
blood related measurement Lactate Pro II Arkay
Pressure sensor FSR pressure sensors
Pressure Relief Pressure mat consisting of a 22 x 22 inch sensor array 10%
Electromechanical Films (EMFi)
Heart rate Heart rate monitor T31 heart rate monitor 8%
ECG 3-lead ECG
Oximeter Pulse oximeter
Camera NA
Mobility Portable GPS NA 8%
Video recorder handheld Panasonic HC-SD9®
. Ambient sensor SHT15 sensor
Temperature and ambience 6%
SenseWear
Thermometer Digital infrared thermometer
Hand strength Grip dynamometer Isometric hand strength (IHS) grip dynamometer .
Glove Flex sensor
Wheelchair occupancy Embedded computing system |Raspberry Pi Zero W 2%

4.4 RQ4: Recommendations from the Literature for Designing Pl Systems for People with Motor
Disabilities Reveals Many Pitfalls and Challenges

Our analysis revealed several considerations for designing PI systems for people with a motor disability —

consolidated from the challenges and suggestions reported in the reviewed literature. While some considerations

apply equally to a disabled and non-disabled population (i.e., lack of connectivity, challenges due to sensor capacity,

and difficulties with personal goal setting), we highlight the specific factors that are particularly appropriate for

people with motor disabilities.

4.4.1  Aspects of Motor Disability and Conventional Pl Systems Are Not Compatible. Our analysis suggests that the
scope of traditional PI systems is not well-suited to serve the needs and challenges of people with motor disabilities.
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Table 7. Most body-worn trackers are attached to the upper part of the body (28%)

% Among
Interaction Type |Tool Data type Tracker Position 50 Publications
Wrist

Dorsal side of the wrist
Posterior to the radial and ulnar

Activity monitor Physical Activity Data | Wrist and the middle upper arm

Right upper arm over the triceps muscle
Upper body Worn Apple watch 28%
Chest (upper third of the sternum)
Polar T31 heart rate monitors |Heart Rate Chest

Chest

Shoulder harness and on the sternum
Infra-red light emitting diodes |Finger Movement Finger tips

Lower body Worn | Activity monitor Physical Activity Data ?r/zi:tt of the upper thigh 4%
Spokes of manual wheelchair’s wheel
Inner circumference of a PWC’s wheel

K4b2 metabolic unit Body metabolism

Wheelchair attached | Accelerometer Wheelchair movement 10%

Concerns that are reported in the literature include different levels of disability affecting the data collection and
tracking process [17, 44, 62, 65, 84, 117, 130, 132], PI systems not being customized for activities of motor-disabled
people (e.g., wheelchair based activities) [17, 84, 124], difficulties in positioning the body-worn sensors for
tracking [11, 17, 34, 51, 84], disruption in tracking due to frequent health issues and hospitalization [44, 67],
and wheelchair shape and size-related challenges [62, 110]. For instance, we found that chemical measurement
of physical activity such as the use of galvanic skin response or other measurement techniques that rely on
perspiration are ineffective for people with SCI [17] (SCI is the primary cause of motor disability identified in
our analysis) because people may not sweat below the level of a SCI [22]. Similarly, differences in individual
capabilities such as wheelchair maneuvering [62, 65], hand movement [130], ambulation [108], trunk control [132]
and comorbidities [44] play a vital role in the data tracking process of PL. Moreover, traditional data tracking
systems do not recognize or overestimate wheelchair-based activities [84], and cannot distinguish activity
variations [17, 124]. For instance, a movement tracker that is designed for someone with the ability to walk will
not be able to recognize a wheelchair user’s movements [17]. Additionally, there are challenges for body-worn
sensors — a single sensor is not sufficient to measure a specific activity [11], defining sensor thresholds or mapping
values are difficult due to increased complexity and higher ecological variability resulting from disability [11, 51],
it is challenging to position sensors [17, 34, 84] and users’ dependency on others due to not being able to attach
the sensors to their own bodies [84]. Finally, our analysis identified that data measurement varies due to the
variability of wheelchair shapes and sizes — different wheelchair shapes, wheel size, camber angle, and chair
width may influence the maneuverability of the chair [62, 65], and different weights of wheelchairs influence the
weighting process of power wheelchair users as they got weighted together [110]. Taken together, conventional
PI systems, particularly the data collection and tracking aspects of these systems, are inconvenient and often not
appropriate for people with motor disabilities.

4.4.2  Self-reporting is More Difficult for People with a Motor Disability Than for Non-disabled People. We found
that providing self-reported input in mobile-based tracking applications [19, 70, 78, 84, 117, 135] or filling out
the information in a diary study [44, 53, 125, 130] was difficult for the target population due to reduced hand
functionality and lack of appropriate consideration for collection mechanisms. For instance, studies reported
that with limited hand functionality, it was challenging to provide input to mobile applications due to the
small sizes of the display, dense reading material, and difficulties in pressing the buttons [84, 135]. Additionally,
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self-reporting associated with mobile phone-based PI systems was even less convenient in outdoor environments
due to challenges in pulling out and holding the mobile phones [84] or inclement weather conditions [70];
Thus, data reporting was incomplete in these settings. Additionally, participants expressed their preferences for
body- or wheelchair-mounted devices over mobile apps for tracking physical activity data [19, 84]. Concerns
for self-reporting in web-based [53, 125, 130], pen and paper based [125] and photography based [11, 117]
diary studies included difficulties in entering and completing daily cumulative diary data in web-based self-
reporting [53, 125, 130] and lack of enough space to write or difficulties in hand-writing resulting in inconsistencies
in pen and paper-based self-reporting [125] data collection. In photography-based self-reporting (in reporting
pressure sores, fall incidents, and environment accessibility), participants had difficulty taking good quality
photographs [11, 117] because manipulating the camera was difficult — thus requiring the assistance of caregivers
to take pictures [117].

4.4.3 Accessibility is a Problem in Pl Software, Even When It is Explicitly Targeting a Disabled Population. Our
review showed that although the PI software in the current literature was explicitly designed for people with motor
disabilities, text-heavy application interfaces [7, 78, 103], difficult navigation processes [78] and poor interface
accessibility [84] made it challenging for the users with a motor disability to use the software. Participants
expressed preferences for easier interactions with PI software in the studies, including larger, bold, and adjustable
font sizes according to their needs [16, 135], alternative options that do not require finger-based input such
as a paired joystick or switches [78, 135], and the ability to select responses from a list of possible choices
instead of manually typing words (e.g., selecting from picture or list of body parts to report skin issue) [135].
Additionally, participants in the studies also expressed their preferences for more visual [7, 78, 103], graphical [78],
colorful [16, 135], intuitive [103] and carefully designed interfaces [78] for interacting with the software.

4.4.4 Pl Systems Need to Be More Personalized and Better Tailored to Individual Levels of Disability. Reviewed
literature indicated that the design of PI systems for people with motor disabilities should take extra steps to
accommodate the level of abilities of each user. For instance, supporting users in being able to put wearable
sensors on independently or attach them to something that is easily reachable [84], tailoring content according
to their learning pace and learning styles [78], and providing lightweight customization and support [78].
Additionally, study participants expressed a desire for more automated facilities in the self-reporting input
system — provisions for voice-to-text functions instead of typing [7, 110], automatic entry of timestamps [130],
and automatic calibration of sensor thresholds [34]. Participants also expressed preferences for context-specific
personalized reminder systems [9, 16, 84, 110, 135].

4.4.5 Pl Systems Should not Impose Additional Cognitive Burden. Participants in the reviewed studies expected
PI systems to track a wide range of aspects of their lives without inducing information overload [14, 50, 84, 95,
130, 135], and to present data in meaningful and informative ways while limiting complexity [17, 20, 47, 84, 135].
For instance, studies suggest that activity recognition or chronic condition management in a single PI system
should recognize a wider range of human movement [84] or multiple self-care activities [50] with both manual
and automated tracking approaches [14]. Moreover, they expected data to be presented in real-time, easy to
understand and not time-consuming [20], well-processed and activity-specific [17], and to provide additional
context through assessment and feedback [17, 20].

4.4.6 Pl Systems Have the Potential to Support Care Teams, but Providers Have Limited Bandwidth. PI systems
have the potential to help providers to find correlations between physical and psychological data [85], produce
and update personalized self-care plans, and to monitor and provide feedback on the routinization status of
patients’ various activities [14, 72]. Similarly, some participants with motor disabilities expressed a desire for
providers to leverage PI systems as an opportunity to be continuously engaged as users develop new self-care
knowledge and skills [50]. However, papers in this review also revealed that providers have concerns, including
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the potential for tracking applications to be misused by patients as a way to receive attention from providers
(e.g., consciously manipulating pressure wounds to receive care) [135], the possibility of exposing patients to
information that is misleading or difficult to interpret [85], and the potential for therapists to be distracted or
lose autonomy [15, 85].

4.4.7 Social Comparisons Can be Motivating but There are Possible Negative Consequences too. Studies also
reported that although sharing of tracked data and social comparisons among peers, peer groups, or other users
of the same PI systems may enhance support and motivation [8, 20, 85], there is also the potential for sharing to
have a negative impact on mental health if it is not shared among people with similar functional abilities [20, 85],
especially because the information can demotivate and mislead them if they have a lower degree of physical
ability than others who are sharing with them [8].

4.4.8 Privacy Concerns are Less Commonly Reported Than in Mainstream Pl Literature. Only five out of 50
papers noted how a participant’s tracked data was or would be protected [7, 47, 70, 125, 130] and only eight
studies reported participants’ concerns about data privacy [20, 34, 51, 84, 99, 110, 130, 135]. Among the studies
that reported a privacy protocol for participants’ tracked data, two studies mentioned that the data would be
accessible only by the health care providers [7, 130], two studies mentioned not collecting any identifiable
information [47, 70] and one described the system’s security configuration [125]. From the studies that mentioned
participants’ concerns regarding their data privacy, we found three studies where participants were concerned
about data sharing and wanted to make sure their data and identity were protected [15, 85, 135]. Two studies
explicitly mentioned that participants were not concerned regarding privacy in data sharing with friends, family,
health professionals, and other people with similar motor disabilities [84] or with peer-athletes and coaches [20].
Privacy concerns were reported in one study in using accessibility features — e.g. voice-to-text playing over
a speaker in public — and the potential for eavesdroppers [99]. Three studies reported that participants were
concerned about using tracking technology that might make their data visible and easy for someone else to see
when in public, and that, as a result, they preferred technology that was unobtrusive and not easily viewed by
onlookers [17, 34, 51].

5 DISCUSSION

In the context of HCI research, personal informatics and accessibility are fast-growing domains. However, there is
little discussion of their intersection in contemporary HCI. Technology design for people with motor disabilities,
in particular, can benefit significantly from PI theories and frameworks. The findings of this review highlight the
intersection of the domains of motor disability and PI through an HCI lens and illuminate exciting opportunities
to develop more inclusive PI systems. To guide future researchers, we recap and discuss the critical findings and
caveats from our analysis in this section and describe PI design guidelines for people with motor disabilities from
the insights of this review.

5.1 PI for People with Disabilities Should Be Broader and Reach beyond the Health Domain

While Epstein, et al’s mapping review [36] demonstrates the breadth of potential PI domains, this review shows
that the current PI literature involving people with motor disabilities focuses on health, particularly on physical
activity and managing chronic conditions resulting from a wide range of disabilities. This is perhaps not especially
surprising: this population tends to have important health-related factors associated with their motor disabilities.
However, beyond these health-related factors, these individuals also have other aspects of their lives where they
might need relevant information for the purpose of self-reflection and gaining self-knowledge [74]. Previous
PI literature showed that people collect data of different aspects of their lives or reflect on it for a range of
reasons [111], including self-improvement, a desire to keep a record, or out of curiosity or fascination with
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numbers [40]. However, in our review, we found no relevant studies focusing on non-health related domains
such as personal finance, productivity, or social interactions of this population and found a very limited number
of studies on mental health, mood and, sleep which were are still health-related. Moreover, people who acquire
sudden motor disabilities (e.g., due to spinal cord injury or stroke) and experience immediate changes in their
lives, activities, and surroundings following a traumatic event might need additional support with redeveloping a
sense of self, re-establishing place in the community, and regaining economic self-sufficiency [126]. Considering
these factors, PI has the opportunity to play a vital role in reasserting the sense of “personal” by providing explicit
support for this population across PI domains [30].

5.2 Pl Research Needs to be More Consistent in Reporting Participant Abilities

First, we found that in addition to the epistemic (methods and scope) injustice people with disability experience
within HCI [133], there is inadequate practice and norms of communicating the actual abilities of the disabled
participants in HCI literature. This review revealed that motor disabilities were not adequately reported or
study designs did not accommodate different levels of motor disability. For instance, studies were designed
where similar tasks were assigned to participants who had different levels of mobility capacity — some had
the capability of walking with assistive tools such as canes, walkers, or crutches, whereas others were manual
or power wheelchairs users. Moreover, we found no consistent format for reporting the level of disabilities
across these publications. Some publications reported the mobility level of the participants by their usage of
wheelchairs; others mentioned the injury levels, or paralysis types, or mobility capacity of hands and arms.
Additionally, reporting of wheelchair usage was not uniform in the studies. Although most of the studies had
manual wheelchair users, few publications reported the ratio of manual and power wheelchair users, and most of
the publications did not report the distinction of wheelchair types at all. Furthermore, in many cases, people
with motor disabilities can have additional comorbidities — some of which affect their abilities (e.g., speech
difficulties or respiratory difficulties) and can significantly impact data tracking procedures or the content of
tracked data [60]. Only two publications in this review reported additional comorbidities (diabetes); however, no
publication reported any comorbidity that might require adjusting for designing PI tools. Therefore, HCI research
on designing PI technology should consider the overall impact of a person’s disability to flexibly accommodate
individual abilities [131].

The issue with inconsistency in reporting disabilities is that future researchers will not be able to interpret the
results reliably or anticipate how they might generalize to a given population and that they will be unable to
accommodate the unreported unique needs and difficulties of that user group. Further, inconsistency in reporting
disabilities will make it harder for reviewers and readers to evaluate the appropriateness of the methods for
the population and identify the shortcomings, which could undermine the significance of the findings. Even
if disabilities are consistently reported, a further complication is that a traditional medical diagnosis is often
insufficient to capture an individual’s range of abilities. In their recent work, Kabir et al. [60] recommended using
the ICF (International Classification of Functioning, Disability, and Health) [58] framework to evaluate the health
conditions for designing research methodology for people with SCIL The ICF framework reports body functions
and impairments, activity limitations, participation restrictions; and environmental facilitators or
barriers. Only one publication among our 50 reviewed papers [100] reported motor disabilities according to the
ICF framework. Future PI research should consider using this framework to report the health and abilities of
participants. Providing explanations of different levels of motor disability mapped with the ICF framework can
help readers and future researchers to understand and communicate the functional abilities of the participants.
One related issue is that, depending on the jurisdiction where research is being conducted, some or all of this
information can be considered personal health information, which may further complicate the collection and
dissemination of that data. In these cases, we encourage transparency: researchers should consider what details
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are necessary to communicate and which are appropriate to omit in a given context, and to explain these decisions
when publishing their work.

5.3 Pl Tools Should Better Accommodate Individual Needs and Abilities

This review found that in the current PI literature where the technical details of PI systems are reported more
extensively than the usability or user experience of these systems. We emphasize that the sensor types and
body location combinations that were used for physical activity or fitness tracking [17], the lack of system
fidelity for a range of activities and difficulty setting up systems independently [61], and generic text-heavy
cognitive burdensome reflection process made the PI systems inconvenient or inaccessible for people with
different levels of motor disabilities. For instance, sensors that were placed mostly on arms or upper body for
tracking activity will not be feasible for people with less hand functionality or upper body impairment. Similarly,
prior research found that people with motor disabilities face various challenges when interacting with touchscreen
devices [43, 48, 97], smartwatches [82, 83], or wearable devices [116] and recommended that on-body locations
may not be preferred [82]. Additionally, the generic interaction design in self-reporting interfaces of PI systems
such as mobile and web applications or pen and paper forms are not appropriate for fostering accessibility for
different levels of disability [49]. Further, research recommends emphasizing a holistic tracking process for more
appropriate data collection by integrating more sensors, or by offering a broader range of activity classifiers
instead of relying on a single accelerometer or body-worn sensors [54]. Thus, PI technologies need to be explored
through a user-centered lens that considers a variety of abilities for this population. Although Garmin and Apple
have progressed in supporting tracking manual wheelchair propulsion [41], those efforts still exclude power
wheelchair users.

HCI research explicitly aims for the empowerment of users [91] — the ability and confidence of the users to
control the technology in their life [92] - thus, PI technologies should be designed, used, and evaluated according
to the ability and the overall capability of the people with motor disabilities to empower them [42]. For example,
ability-specific interaction design such as chairable [18, 21, 96] or wearable [84] form factors can be integrated
into PI system design so that individuals can flexibly select the form factor and other aspects of the interface in
ways that best suit their individual needs and abilities. Future studies investigating different combinations of
tracking technologies, interactions and data collection processes could lead to valuable contributions.

5.4 Collective Pl Stages for Including Stakeholders in the Pl Process

Our analysis surfaced that in current PI literature on people with motor disabilities, individuals who were
not active participants (e.g., caregivers, coaches, trainers, or health care providers) were frequently involved
in the preparation, collection, integration and reflection stages of PI [74]. This involvement demonstrates the
opportunity to more explicitly design for including multiple stakeholders in the PI stages and opportunities for
designing the PI workflow to facilitate collaboration. Here our findings echo the PI model of family informatics
where multiple family members were involved in all of the stages of the PI model [106]. Prior research on outdoor
activities of people with severe motor disabilities also emphasized the involvement of the supporting individuals
and shared control as a mechanism for facilitating support and autonomy [4-6]. Although several PI studies
reported the involvement of stakeholders in the data tracking process [15, 26, 84, 106] and Epstein et al’s [36]
mapping review reported that other stakeholders in the data tracking process were mostly the recipients of shared
tracked data, this review found that stakeholders were also highly involved in other stages of the PI process. This
involvement includes instructions and training in the preparation stage, support through the collection stage,
and collaboration in reflection.
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5.5 Design Guidelines: Making Pl Technology More Inclusive

While we find that PI has enormous potential to improve people’s lives with motor disabilities, our review study
surfaced a recurring concern - lack of consideration of different levels of disabilities in current PI publications.
We can look to prior accessibility and PI research for guidance on how we can make contemporary PI technology
more compatible with different functional capacities. Prior accessibility research adopts the Critical Realism [42]
perspective that the disabled experience is multi-faceted; it requires assistive technologies that recognize the
multiple mechanisms and different interactions, including physical, biological, psychological, psycho-social,
cultural, and emotional, in meaningful ways [42, 87, 107]. Additionally, Mankoff et al’s [87] critical reflection
on disability theories provided the nuance that instead of focusing only on the technical merits of accessibility,
assistive technology should take a non-reductionist perspective - taking into account multiple layers that make
up the complex disabled experience. Similarly, recent PI research recommends adopting “Culturally Informed
Design” [88] — emphasizing a holistic view of human life, including historical, cultural, social, and psychological
aspects, instead of the current prominent paradigms of disease, medical treatment and “healthism” [119]. Hence,
different user groups with different needs and contexts — including users who speak different languages [45],
user groups with different literacy skills and different levels of cognitive and emotional functioning [94], users
with fluid gender markers and different gender identity [25] — should not be excluded from the scope of PI
literature. Likewise, we recommend that future PI technology should also address users’ functional capacity,
transitions of abilities, and changes of needs for more diversity and inclusiveness.

Disability studies often advocate embracing Universal Design [28] as the best approach to develop technology to
address the issues related to accessibility [10]. Universal Design provides guidelines for different design disciplines
for more usable products and environments. According to our study findings and to make contemporary PI
technology more compatible with different functional capacities of people with motor disabilities, here, we
adapt the seven principles of Universal Design (UD) to make recommendations for designing more inclusive PI
technology.

5.5.1 Equitable Use. According to our findings, people with motor disabilities are highly concerned about their
appearance to others — they do not want technology to stigmatize or segregate them in any way [79]. Thus, PI
technology needs to be in a form that is well blended with their daily living and does not draw additional attention
or lead to further stigmatization. Our review also suggests that PI research should pay more attention to data
privacy and security in the context of data sharing among the care-team (caregivers, health care professionals).

5.5.2  Flexibility in Use. PI technology needs to be flexible in terms of choosing the tracking method so that
as much as possible, users can decide between automatic or self-reporting data collection processes according
to their functional capacity [14], or to choose between different types of data to track. Technology should also
facilitate flexible access to the system or the application (e.g., voice-to-text / joystick / sip-n-puff). Additionally,
PI technology needs to provide flexible adaptability to the user’s pace of being able to interact with the system,
according to the changes of their level of functional ability.

5.5.3 Simple and Intuitive Use. We found that people with motor disabilities have a wide range of health aspects
to track — particularly for self-care and self-management — and they are weary of information overload; instead,
results from reviewed articles reported that participants preferred informative and straightforward data that does
not impose a high cognitive load. Thus, PI technology should be selective for the most significant information to
present the users in an informative and easily understandable way. Moreover, due to the variability in functional
abilities, participants expect prompting and feedback on the task completion to be context-aware and just-in-time.

5.5.4  Perceptible Information. Participants in our reviewed publications expressed their desire to visualize their
personal information in visually appealing formats to reinforce the essential takeaways of the collected data.
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Thus, PI technologies should provide users with different modes of pictorial visualization of their most essential
information. Moreover, participants in these studies wanted their health providers to be aware of their (users’)
health information and provide them with appropriate instructions. Thus, PI technology needs to facilitate a
communication channel so that health providers can work with users to interpret and make use of tracked
information.

5.5.5 Tolerance for Error. PI technologies should be well equipped to handle failure of data collection [39]
resulting from different aspects of functional capacities. We found that participants in the reviewed publications
often failed to report their data due to many disability-related challenges. PI technology should allow them to
adjust the data tracking retrospectively to accommodate these situations.

5.5.6 Low Physical Effort. PI technology needs to allow the user to choose an appropriate wheelchair or body
position according to their functional level to minimize the effort or challenge involved in using and maintaining
their PI systems.

5.5.7 Size and Space for Approach and Use. PI designs should make all components comfortably reachable [18]
for manual or power wheelchair seated users or standing users with mobility assisting tools. The design should
accommodate variations in the functionality of different body parts, including hand, arm, leg, and foot. Moreover,
the design should incorporate enough space and options for assistance from supporting individuals or assistive
technology.

6 CONCLUSION

Previous personal informatics research has investigated self-management practices and self-care technologies for
the general healthy population and people with a variety of chronic conditions. However, the lived experience
and self-tracking practices of people with motor disabilities within the personal informatics domain have not
received the same attention. In this mapping review, we examined current PI literature on people with motor
disabilities and identified gaps and opportunities for contemporary PI models and technologies to better support
the population of users with motor disabilities. Supporting this long tail of individual abilities and situations is
a significant challenge without a clear-cut set of guidelines. However, it is essential that as a field we provide
equitable access to the benefits that technology can provide to all users, especially those with disabilities.
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