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Abstract

Background/Objectives: To map the literature and describe the meaning, use, and experience
of power mobility for children with complex non-ambulant cerebral palsy (Gross Motor
Classification System (GMFCS) levels IV-V and Manual Abilities Classification System
(MACS) levels III-V). Methods: Included searches in five electronic databases, grey litera-
ture, and hand searches with no restrictions on date, study type, or language, as well as
independent duplicate screening and data extraction. Outcomes and experiences were
mapped to the integrated F-words Interdependence Human Activity Assistive Technol-
ogy (IHAAT) framework. Results: In total, 90 studies, from randomized trials to case
reports and qualitative designs, included 916 children (10 months-18 years; 432 GMFCS IV;
262 GMFCS V; 222 GMFCS IV /V), with 351 parents, therapists, or educators. Only 32 stud-
ies reported MACS levels. Power wheelchairs were used by 724 children (68 used switches
rather than joysticks). Other children used modified ride-on cars, specialty pediatric de-
vices, or platform/smart training devices. Based on 22 studies where this information
was provided, alternate access/control methods were primarily used by children classified
at GMFCS/MACS V, but there was considerable variability. Introduction predominantly
occurred in natural settings with limited training or support. Significant and meaningful
improvements in power mobility use were reported for intensive play-based, child-led,
and caregiver-supported approaches; for virtual training with joystick users; and for skills-
training approaches with older children who already achieved functional power wheelchair
W) Check for updates use. Conclusions: Children classified at GMFCS IV and V may benefit from power mobility
experience to promote fitness, functioning, friends, family, fun, and future outcomes. Their
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1. Introduction

Cerebral palsy is an umbrella description including all permanent or non-degenerative
disorders of movement and posture due to disturbances in the developing brain, regardless
of underlying cause [1]. It is the most common childhood-onset disability, with prevalence
estimates ranging from 1.6 to 3.4 per 1000 live births worldwide [2]. The Gross Motor
Function Classification System (GMFCS) classifies individuals with cerebral palsy according
to their functional mobility and need for assistive devices. Those classified at levels IV and
V are considered non-ambulant and primarily use wheeled mobility. Children classified
at GMFCS 1V require power wheelchairs (PWC), also known as motorized or electric
wheelchairs, for efficient, autonomous mobility, but may wheel a manual wheelchair for
short distances or walk indoors using a supported stepping device, also known as a body-
support walker or gait trainer. Children functioning at GMFCS V are typically pushed
by others in tilt-in-space manual wheelchairs, although some use PWCs with complex
adaptations, including specialized seating and alternative access or control methods [3].

Manual Abilities Classification System (MACS) also ranges from I-V [4]. Children
classified at level III can handle simple or adapted objects with occasional support; those at
level IV can handle a limited selection of easily managed objects with continuous support,
while those at level V usually require support to handle any objects, but may be able to target
a single switch. MACS IV or V classifications are most common in children classified at
GMEFCS V [5,6] and those with spastic tetraplegia or dyskinetic cerebral palsy [7]. Children
with non-ambulant cerebral palsy are also more likely to have other associated impairments,
including visual, speech-language, communication, and intellectual impairments [8-11].

Although not standardized in the literature, the term complex non-ambulant cerebral
palsy is used in this manuscript to describe individuals classified at GMFCS IV-V who
have limited manual abilities (MACS III-V) and present with tetraplegia (also referred
to as quadriplegia) rather than diplegia. These children typically use multiple assistive
devices to increase their independence, engagement, and occupational participation [12].
Children with complex non-ambulant cerebral palsy are often interdependent with others,
and positioning and mobility devices may be used to increase autonomy, agency, and
engagement rather than with the goal of achieving complete independence [13].

Young children are typically moving and exploring actively by the end of the first year
of life, and this exploratory behavior promotes a cascade of developmental changes [14].
Children with complex non-ambulant cerebral palsy, also have a right to “On-Time” (age-
appropriate) mobility experiences [15]. Power mobility devices afford independent mobility,
enabling age-appropriate exploratory behaviour, enhancing overall development, and pro-
moting occupational participation [16]. Power mobility experience (playing in or using a
power mobility device) may also promote changes in self-initiated behaviour and socializa-
tion in older children with complex non-ambulant cerebral palsy [17]. These experiences
may be perceived as meaningful, increasing learning and exploration opportunities and
promoting developmental and social gains even for those who may not develop competent
PWC use [17,18]. Both negative and positive emotional responses have been reported in
relation to children’s use of power mobility, and physical, social, and attitudinal barriers
influence opportunities, experience, and use [18,19].

Power mobility devices include PWC as well as modified commercially available
powered ride-on toys or cars (MROC), specialized developmentally appropriate devices
for very young children (e.g., Explorer Mini (EM), Wizzybug, Bugzi, Baby Loco, Freeli,
etc.), and powered platforms and/or smart wheelchairs or training devices [18-21]. These
devices are propelled using battery power rather than manual (arm or leg) power and are
operated using joysticks or alternative access or control options. These options include
different access sites (hand, fingers, head, chin, mouth, arm, foot, etc.) and control devices
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such as manual or electronic switches, head and eye tracking technology, and even brain—
computer interfaces [22-26].

Selection and use of assistive devices, such as power mobility, are influenced by factors
within the person (abilities, needs, and roles), the activity (including occupational partici-
pation), and the context (physical, social, and attitudinal). The Human Activity Assistive
Technology (HAAT) model is the most long-standing assistive technology model [27] and
has more recently been modified with an interdependence frame that emphasizes the
relationships between all people interacting with the device, the interdependence HAAT or
iHAAT model [28].

The F-words for child development [29,30] are a child and family-friendly adaptation
of concepts from the International Classification of Functioning, Disability, and Health
(ICF) [31]. Fitness relates to the ICF concept of body structure and functioning (BSF)
and includes mental as well as physical well-being. Functioning relates to activity and
participation. Friends or friendships, as well as fun, relate to both personal factors and
participation. Family is the most important environmental factor for children; future,
while not included in the ICF, is a vital focus for child development. The iHAAT model
was previously integrated with the F-words in relation to use of supported standing and
stepping devices with children with non-ambulant cerebral palsy and emphasizes the
interdependence that is common for this population [13].

While reviews of power mobility outcomes for children with disabilities have previ-
ously been published, most include mixed populations [19,20,32,33] or focus on the use of
specific devices such as MROC [34,35]. Only one review specific to children with cerebral
palsy was previously published, a systematic review of the effectiveness of manual and
power mobility for promoting mobility, activity, participation, and quality of life in children
and adolescents with cerebral palsy aged 6-21 years [36].

A number of quantitative and qualitative research studies have been published since
all previous reviews were completed. Despite the importance of power mobility for this
population, no reviews to date have focused on the meaning, lived experience, perceived
benefits, and outcomes of power mobility introduction and intervention for infants, chil-
dren, and adolescents with complex non-ambulant cerebral palsy. A scoping methodology
was selected to map the literature related to the meaning and experiences, usage, training
characteristics, and outcomes of power mobility interventions for children and young
people classified at GMFCS IV and V, with limited hand function (MACS III-V) and associ-
ated complex impairments and limitations. The adapted F-words iHAAT model [13] was
modified to power mobility interventions and used as a framework to help illustrate the
data in line with contemporary approaches to childhood-onset disability.

The review was guided by the following question:

e  What is known about the meaning, experience, use, perceived benefits, and out-
comes of power mobility in childhood for individuals with cerebral palsy, classi-
fied in GMEFCS level IV and V who have limited manual abilities and/or other
associated impairments?

Sub-questions articulate the scope of the inquiry:

e  How do the experiences of relevant parties compare or differ, e.g., children, parents,
caregivers, teachers, therapists, etc.?

e  Arethere data to indicate rates of power mobility use and associations between GMFCS
and MACS levels, control methods (joystick, switch, or other), and devices?

e How do different methods of introduction or intervention compare or contrast, and
do these differ for different age groups, GMFCS or MACS levels, control methods,
or devices?
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e  Are different experiences or outcomes reported for different age groups, GMFCS or
MACS levels, control methods, or devices?

2. Materials and Methods

The JBI methodology for scoping reviews [37] was followed, along with earlier guid-
ance [38-40]. Reporting followed the PRISMA ScR statement [41] (See
Supplementary Materials Table S1 for details). The protocol was registered a priori on
the Open Science Framework on 18 October 2025 and may be retrieved at https://osf.io/
kmed4r/overview, (accessed on 22 May 2026).

An electronic database search was undertaken from database inception to October
2025 and included MEDLINE via PubMed; CINAHL via Ebscohost; and EMBASE and
CENTRAL via OvidSP. Google Scholar searches included the first 50 results (number
selected pragmatically based on prior exploratory searches) for each of the following search
phrases: power mobility children; power wheelchair children; electric wheelchair children;
ride-on toy children.

Reference lists of included studies were hand-searched along with clinical trial regis-
ters (https:/ /clinicaltrials.gov; https:/ /www.isrctn.com/). Conference proceedings from
the previous 5 years (Rehabilitation Engineering Society of North America (RESNA), Inter-
national Seating Symposium, and Oceania Seating Symposium) were checked to identify
authors and studies in process. Trial registrations, theses, papers, or workshops associ-
ated with an included published study were considered secondary publications, and only
unique reports not published elsewhere were included.

77

Search terms included key words for population (e.g., “cerebral palsy,” “spastic

A

quadripleg*,” “tetraplegi*,” “disabil*,” “caregiver*,” “parent*,” “therapist*,” etc.) and
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intervention (e.g., “power* mobility,” “power* wheelchair,” “electric wheelchair,” “ride-
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on toy,” “ride-on car,” “explorer mini,” “Wizzybug,” “EPIOC,” etc.) with * indicating
wildcard for word endings. Database-specific subject-headings were also included, e.g.,
Cerebral Palsy/, Child/, Adolescent/, Infant/, Preschool/, Parents/, Physical Therapists/,
Wheelchair/powered, etc. No limits were placed on design, age range, language, or publi-
cation status. Google Translate or DeepL were used to translate any references identified
in languages other than English. See Supplementary Materials Table S2 for the detailed

search strategy for each database.

2.1. Eligibility Criteria

Two authors (R.W.L. and G.S.P.) independently reviewed all titles, abstracts, and
full-text articles in Covidence (www.covidence.com, accessed on 22 May 2026) and agreed
for those to be included through discussion. Self-authored articles were independently
reviewed by two other authors (e.g., studies by R.W.L. were reviewed by L.N. and P.G,;
study by L.N. was reviewed by RW.L. and G.S.P.). Primary source studies (qualitative or
quantitative) including children (<18 years) with cerebral palsy or “cerebral palsy-like”
descriptions (e.g., congenital brain malformations, brain injury before age 2 years, peri-
ventricular leukomalacia, hypoxic ischemic encephalopathy, congenital Zika syndrome,
etc.) and meeting criteria for complex non-ambulant cerebral palsy were included. Where
GMEFCS and MACS levels were not reported, they were confirmed through author contact.
Where this was not possible, GMFCS level was estimated as level 1V, level V, or IV/V, based
on manuscript details and consensus of two reviewers (R.W.L. and G.S.P.). Where these
two reviewers were unsure or disagreed, reported descriptions of child functioning were
sent to at least two external experts for confirmation. Where insufficient information was
available or agreement could not be reached, articles were excluded.
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Survey and cross-sectional studies were included to extract population descriptors
and/or power mobility usage data, as were articles focused on measurement properties of
a tool or device development. Review articles and descriptive articles without data (e.g.,
letters, commentaries, and opinion pieces) were excluded. Outcome and lived-experience
data were only extracted from studies that included at least 50% GMFCS IV /V, or data for
these children could be extracted separately or were provided by the author. For studies
including relevant parties (e.g., parents, family members, caregivers, therapists, assistants,
teachers, etc.), at least 50% participants were identified as having relevant experience, or
quotes/themes were clearly related (e.g., quotes from a parent of a child with cerebral
palsy). Where outcome/findings data could not be separated, only descriptive population
and intervention usage data were extracted. Where multiple publications were retrieved
for the same study, these were reported together as one study with multiple outcomes.

2.2. Data Extraction and Mapping

For children meeting population criteria, data were extracted on age, GMFCS, MACS,
and other associated impairments or co-morbidities, power mobility use, introduction,
experience, control method, device, or training, and outcomes/findings were grouped
according to the F-words and to the IHAAT concepts by two independent reviewers in
Covidence. Guidance from a systematic review protocol regarding mapping of outcomes
to the F-words was followed [42]. Other than self-authored articles, data were extracted
from all studies by one reviewer (R.W.L.), with one of three authors (G.S.P., PG., or L.N.)
acting as second reviewer. Data extraction from self-authored articles was completed by
two independent reviewers as detailed above. Agreement in all cases was reached through
consensus and discussion.

For data and usage-mapping purposes, the following rules governed counts: (1) Pop-
ulation: participants were counted only once according to GMFCS or parties relevant to
children classified as GMFCS IV /V (parents, therapists, educators, etc.) in (a) studies pub-
lished over several manuscripts and (b) separate studies that included the same population
or part of the same population at a later time period. (2) Publication Years: where a single
study was published over several manuscripts in different years, the entire study was
counted as being published in the year of the main publication. (3) Study design: since
studies frequently used multiple study designs or approaches, the number of manuscripts
was counted. Quality appraisal was not relevant to this scoping review’s purpose of
mapping the literature and describing use, meaning, and experience.

Based on duplicate data extraction, outcomes and lived-experience data from each
study were grouped, mapped to F-words and iHAAT framework, summarized in tables
and figures, and agreed with all authors. Lived-experience contributors (B.W.F. and D.C.)
provided feedback on clarity, relevance, and interpretation of findings. They also con-
tributed narratives illustrating their user perspectives. Microsoft Excel, PowerPoint, or
Canva (www.canva.com, accessed on 22 May 2026) were used to create study figures and
for descriptive statistics summarizing results.

3. Results

Database searches yielded 1208 references, and a further 12 references were identified
through hand-searching and author contact. After duplicate removal, 599 references
remained, and 155 articles were sought for full-text following title and abstract review.
Three citations could not be retrieved: an article from 1992 and two clinical trial registrations
where we could not identify author contact details or associated publications. Following
full-text review, 35 citations were removed for various reasons: wrong population [43-49];
device description only [50]; secondary publication for an included study [51,52]; protocol
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for a study not yet completed or analyzed [53,54]; or GMFCS not reported or unclear/data
for complex non-ambulant cerebral palsy not able to be separated [55-77]. See Figure 1 for
the study flow diagram.

[ Identification of studies via databases and registers ] [ Identification of studies via other methods ]
—
c Records idemiﬁed_from: Records removed before Records identified from:
% Databases (n = 1208) screening: (n = 621) Citation searching (n = 10)
3 Embase (n = 416) N Duplicate records removed Trial registries and author
§ PubMed (n = 306) by Covidence (n = 578) contact (n = 1)
H CINAHL (n = 269) Records removed manually Conference proceedings (n = 1)
] Google Scholar (n = 170) (n=43)
CENTRAL (n = 47)
-
_ .
Records screened | Records excluded
(n=587) (n =444
l v
Reports sought for retrieval o | Reports not retrieved Reports sought for retrieval | Reports not retrieved
= (n=143) "l (n=3) (n=12) "1 (n=0)
i
o i i
7}
Reports assessed for eligibility Reports excluded: (n = 35) Reports assessed for eligibility Reports excluded
(n =140) > Wrong population (n =7) (n=12) > (n=0)
Study still in progress (n = 2)
Device/equipment only (n = 1)
GMFCS not reported/unable to
separate data (n = 23)
Secondary publication (n = 2)
=
3 Studies included in review
3 (n=117)
S Reports of included studies
£ (n=90)

Figure 1. Study search flow diagram.

In total, 117 articles were included in the descriptive mapping portion of the review,
representing 90 unique quantitative, qualitative, or mixed-methods studies. Figure 2
illustrates study locations, publications, and the increase in studies over time.

(a) Number of studies by geographic location

ﬂ 13
" IS8 \ 8 1

Seriesl

40
I 1 I

1

(b) Number of publications by journal group (c) Number of unique studies published over time

OT Journals
PT Journals
OT/PT Journals
Rehabilitation/Disabilities
Assistive Technology
Neurology/Pediatrics
Other
Foreign Language

Periodical

(-]

Preprint

1984
1985

Conference publications

Figure 2. (a) Unique study locations, (b) manuscript sources, and (c) unique studies published over time.
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3.1. Included Studies and Designs

Two randomized controlled trials (RCTs) compared PWC use to standard care on
child development and functioning over 12 months [78,79]. Some results from the second
RCT were published in a secondary analysis of factors influencing proficiency across both
RCTs [80]. A qualitative study also explored parent experiences from the first RCT [81].

A pilot RCT focused on cause-effect with a single switch and included four children,
with two using a platform trainer [82]. A randomized crossover trial compared outcomes
from two different devices (EM and MROC) over 16 weeks and was reported over six
manuscripts: two main publications [83,84], two qualitative analyses of parent interview
data [85,86], a secondary quantitative language analysis of the interview data [87], and
an examination of differences between usage reported via parent logs and built-in data
loggers and/or global positioning systems (GPS) [88]. The only other quasi-randomized
study compared virtual and physical PWC training [89]. Data from the same children were
used to establish measures’ psychometric properties [90].

Several single group studies took the form of interrupted time-series trials with a
participant-controlled usual intervention baseline period followed by an intervention
period with before and after measures. One described a 3-week intensive training as part
of a school camp. Manuscripts described feasibility with the first five participants [91],
examined outcomes for the entire group of 24 students [92], and explored the views of
educational and therapy staff [17]. Two older studies included several months’ baseline
followed by PWC use for an equal number of months [93-95]. One study explored the
impact of a power wheelchair standing device (PWSD) on participation [96]. A recent
study examined the effects of 3-week training (based on the Wheelchair Skills Training
Program [97]) in 12 adolescents and young adults [98]. This study was accompanied
by a manuscript examining measurement properties of the Wheelchair Skills Test (WST)
(https:/ /wheelchairskillsprogram.ca/en/skills-manual-forms/, accessed on 22 May 2026)
and the questionnaire version (WST-Q) [99] in the same population [100]. Another time-
series MROC study included one child at GMFCS IV [101], with qualitative findings in an
accompanying manuscript [102].

Remaining single-group studies included pre-post measurement [103,104]. A brain
control interface (BCI) study [24] included earlier feasibility [105] and pilot studies [106].
One study [107] also included a PhotoVoice narrative project [108]. One two-phased
study [109,110] had three associated manuscripts [111-113]. Two manuscripts described
outcomes from the Indie-trainer clinical trial where use of a platform training device was
combined with video gaming activities [114,115], and a recent post-test study examined
impact on sleep following use of the EM [116].

Remaining quantitative designs included case series [117-129], single-subject de-
signs [130-136], and case reports [137-147]. In total, 17 qualitative studies were not already
cited as part of larger mixed-methods studies [148-163], including a PhotoVoice study [164],
with four accompanying manuscripts [165-168]. Use and population data only were
extracted from remaining cross-sectional studies [169,170], statistical analyses [171,172],
population-based cross-sectional studies [173-178], measurement [25,179-184], technologi-
cal training, and device development studies [185-193].

Figure 3a illustrates the relative proportions of research designs or study focus per
included manuscript across the review. Randomized designs are at least represented (1 = 6),
while qualitative studies (n = 25) are most prevalent. Figure 3b illustrates the number of
studies using various types of outcome measures. Individual studies frequently used more
than one type of measure as well as more than one measure within each category. Online
Supplementary Material Table S3 provides details of all included studies.
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(a) Research designs or study focus (b) Types of outcome measure used

Device or
technology focus

Parental stress |

Quality of Life measures )

Clinician-assessed Developmental —
measures

Clinician-assessed Body FUNCON ey
measures

Individual Device/Intervention _
satisfaction ratings

Video analysis of use and intervention INEEEEG_—_—_—————
Parent report function or socialization IEEEEGEG_G—_—_———————

Community-based logs, tracking  p—
and usage
Individualized goal setting measures G
Lab-based measures of activation, use
and accuracy

Task-based power mobility measures |IEEEEEEEE——

Assessment of Learning Powered 1
mobility (ALP)
0 2 4 6 8 10 12 14

Figure 3. (a) Proportions of research designs or study focus and (b) numbers of studies measuring

each type of outcome.

Progress in power mobility learning and use was most frequently measured. In total,
13 studies [24,89,92,107,110,114,119,132-134,136,139,146] used the Assessment of Learning
Powered mobility use (ALP) instrument [194], a process-based measure. The same num-
ber [78,89,92,93,98,110,119,122,133,134,136,144,146] used validated task-based measures,
with the Power Mobility Program (PMP) [195] or one of its many derivatives being most
reported. In lab-based settings, counts of switch or joystick activations, distance travelled,
and accuracy in completing obstacle courses were measured, while in community settings,
use was tracked using parent logs, GPS, and/or device-specific tracking systems.

Individualized goal-setting measures such as the Canadian Occupational Performance
Measure (COPM) [196] or Goal Attainment Scaling (GAS) [197] were also highly reported,
while a few studies [92,96,109] reported the Wheelchair Outcome Measure for Young People
(WhOM-YP) [182]. Parent report of child function or socialization was most commonly
measured with the Pediatric Evaluation of Disability (PEDI) or PEDI-CAT [198,199]. Only
five studies used norm-referenced developmental measures [78,79,83,84,103].

3.2. Population Characteristics

In total, 916 children and adolescents with non-ambulant cerebral palsy aged
10 months-18 years were included. GMFCS was estimated by review authors for
122 children. Of these, 106 were classified as GMFCS IV/V, as an individual level could not
be confidently assigned. For a number of older studies, original study authors were also
only able to confirm GMFCS as IV/V. MACS was reported in only 32 studies; 88 children
were classified as MACS V, 99 as MACS 1V, and 87 as MACS III. Associations between
MACS levels and power mobility use could therefore only be meaningfully addressed for a
small group of studies rather than across the entire review. Studies commonly described
children as having spasticity (n = 19 studies), with accompanying cognitive (1 = 16 studies)
or visual impairments (n = 17 studies). Additional descriptors used were hypotonia or
dystonia (1 = 7 studies each), athetosis or dyskinesia (1 = 6 studies), or ataxia (n = 3 studies).

A total of 351 other relevant parties were included: parents (or caregivers), therapists,
and educational staff. Only two studies included feedback directly from siblings [146,159],
although parents frequently referred to improved relationships with or increased interac-
tion or participation with siblings. Significantly more mothers than fathers were directly
included in studies. Figure 4 illustrates participants across all studies, as well as the GMFCS
profile of individual children within different quantitative designs.
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(a) Participant groups across the review (b) Child participants
GMFCSIV/V
I GMFCS IV
GMFCSV Number of children included in q itative study designs
(i) Randomized studies (ii) Time-series (iii) Pre-post
HEEEEEE
(iv) Single-subject research designs (v) Case-series (vi) Case-reports

111

222

Therapists
Children GMFCS VIV i A — H | —

Figure 4. (a) Numbers of participants in each group noted on graphic illustrating relative proportions
of participants across the review (b) distribution of child profile within quantitative study designs.
Note: each completed square represents one participant. Each grid contains 100 squares, illustrating

percentage of participants within each design.

Most qualitative or mixed-methods studies involved analysis of semi-structured in-
terviews, and participants were primarily parents or therapists. Researchers conducting
grounded theory or case study research observed 14 children aged 4-10 years [150,156,162].
One 5-year-old also participated with his mother in semi-structured interviews and in a
photovoice project [162,163]. Two other photovoice studies included parents of children
who were very young and/or had multiple and complex disabilities [108,164]. Seven
children classified as GMFCS IV /V aged 7-12 years, using a combination of speech, sym-
bols, signs, and other alternative communication methods participated in a focus group
study [150]. The only other study accommodating alternative communication methods
included 17 children, 7-18 years who answered close-ended questions regarding their
experiences of a 3-week power mobility camp [92]. Additionally, 19 other children aged
11-18 years participated in semi-structured interview studies, but of these, only six children
or adolescents participated without parent proxy report or parent assistance [151,152].

3.3. Device and Access Characteristics

A variety of devices were identified in this review. The largest number were PWCs,
including standard PWCs (used in a sitting position) and PWCs with sit-to-stand capabili-
ties (PWSDs). Younger children often used MROCs or specialty (commercially available,
developmentally appropriate) power mobility devices. Remaining children used either
platform training devices or smart wheelchairs.

Apart from the large population-based datasets (1 = 192) [175-178], PWCs were used
with 532 children from 12 months-18 years, average age 10 years. An additional eight
children aged 5-18 years used PWSD [96,126,135]. Population-based data suggest that few
children use PWCs as their usual means of mobility before school age [176-178]. Although
use has increased over the last 10 years, it is still most limited at younger ages for children
classified as GMFCS IV and V and MACS III-V [178].

MROCs were used with children aged 10 months—6 years, mean 31.12 months. Spe-
cialty devices were used with children aged 12-68 months, average 26 months. Some
children used more than one device: in a randomized crossover study, children used both
MROC and EM [83-88]; in a cross-sectional study, children compared MROC, a mini PWC,
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Wizzybug, and Bugzi [112]; and in a case report, twins used GoBot, MROC, and a mini
PWC sequentially [146]. Platform training devices and smart wheelchairs were used with
more complex children from 3-18 years, average age of 9 years. Figure 5 illustrates the use
of various devices by the number of children and by number of studies.

(a) Child participants using devices (b) Unique studies reporting device use

Power Wheelchair
112
(PWC)

Modified ride-on toy

car (MROC) , Modified ride-on toy

car (MROC)

Specialty devices for,
young children

58 Platform Devices or

Platrorm/Smart Smart Wheelchairs

Figure 5. (a) Number of children using each device type and (b) number of unique studies reporting
device use.

Other than one early study [130], the access site and control method were noted for all
intervention studies. Hand-accessed joysticks were most commonly reported, although at
least two children (both GMFCS V and MACS V) accessed the joystick using their foot [92],
and another study included a chin joystick user [151]. From the 21 studies where control
method and access site were clearly reported for PWC or PWSD, 241 children used joysticks,
but less than half of these studies provided MACS levels. GMFCS for this analysis was
estimated by review authors for 32/309 (10%) children. One study compared a bimanual
control with side-mounted joystick and measured improved steering control and posture
for six children, classified at GMFCS IV [185].

Switch control for PWC use was reported for 68 children, including one child using
PWSD with a head array [96]. One case report described single-switch scanning using a
knee switch [141], while another study reported 29 children using either switches or scanner,
but access site and numbers using scanning were not differentiated. This same study
reported that 24 children used head, chin, or foot to access either joystick or switch [172].

Four MROC studies included joystick use [104,131,139,191], while the rest were single-
switch only. Although almost all children using MROC accessed the switch using a hand
or fingers, MACS levels were rarely reported. Only one study described a child using head
access for a single switch [123]. Also, 16 children at GMFCS V, 14 at GMFCS 1V, and 10
estimated as GMFCS IV /V used the EM midline joystick [83,116,169].

All children using platform training and smart wheelchair devices used switches
or digital joysticks, although two transitioned to proportional joystick use [117]. Re-
maining children primarily used hand-accessed switches, although three used head ac-
cess [117,134,145] and one child used his tongue to access three switches [119]. In total,
11 children classified at GMFCS V used brain control access within various phases of the
BCI project using a platform trainer or modified switch-accessible PWC [24,105,106].

In total, 12 PWC/PWSD [17,89,91,96,98,132,135,141,144,179,181,182,193] and 10 plat-
form trainer [24,119,120,133,134,136,145] or smart wheelchair [117,118,122] studies pro-
vided individual GMFCS and MACS profiles for children using various access sites and
controls. All children, in these studies, who used foot joystick, head array, head and tray
switches, and knee or tongue switch access were classified as both GMFCS V and MACS
V, as most were using head and foot switch access or BCI. Several children, however,
also classified at GMFCS and MACS V, used proportional joysticks. GMFCS and MACS
classifications were estimated by review authors in 8/84 (9.5%) of these children. MACS
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was rarely reported for MROC users, limiting our abilities to characterize the relationship
between manual abilities and device use. Figure 6 illustrates access site and controls used
for PWC or PWSD, MROC, and platform or smart training devices.

(a) PWC and PWSD access and control methods

(i) Joystick versus switch control

(b) MROC control methods

m Joystick m Switch

(ii) Hand versus head or other access site

%

L

W Joystick W Switch

5
3
B E L 3
T
GMFCSV GMFCS IV GMFCS IV/V MACS V MACS IV MACS 11

(c) Individual profiles for PWC, PWSD or Platform/Smart trainers

WGMFCS VMACS V @ GMFCS V MACS IV m GMFCS V MACS IIl @ GMFCS IV MACS V s GMFCS IV MACS IV = GMFCS IV MACS Ill

Platform Switch Other 10 2

PWC Switch Other 13 2 1P ‘

Platform Switch Hand ; 1

PWC Switch Hand (81
Platform Joystick Hand i1

PWC Joystick Other

74
Hm . ... s [ ‘

GMFCSV GMFCSIV GMFCSIV/V  MACSV MACS IV MACS 11

Figure 6. (a) (i) Proportions (left donut diagram) and numbers (bar chart) of children using joystick or
switch for PWC or PWSD and (ii) proportions of hand versus other access methods for PWC or PWSD.
(b) Numbers of children within each classification using joystick or switch for MROC. (¢) GMFCS and
MACS profiles for various access and control methods of 84 children using PWC, PWSD, platform
trainers, or smart wheelchairs. Note: numbers of children within each profile grouping are illustrated
on the bar charts.

3.4. Training and Intervention Characteristics

Introduction and training approaches varied widely. The majority of studies took
place in natural settings such as home, school, or community, with no specific description
of the training approach or support. Where formal training was provided, child-led and
play-based approaches were commonly described. Five studies [92,114,116,124,132] used
the ALP facilitating strategies [200], developed through Nilsson’s work following her initial
Driving to Learn study [156]. Two studies used motor-learning strategies [98,122], while
most reported an individualized approach, dependent on child age and stage of learning.
Level of therapist support provided to parents providing training in natural settings ranged
from initial setup and safety training [44,104,162,163,171,172,191], intermittent therapist
support [78,83,96,109,110], and structured weekly [116,127,138,140,143] every 2 weeks [103]
or graduated timing (from several times weekly to less intense over time) [79,80].

Technology-assisted training tools ranged from virtual reality practice [89,187,193],
smart wheelchair learning tools [117,118,122], video gaming to support practice [114,201],
and robotic or biofeedback tools [186,190]. Structured training programs ranged in length
and intensity. The two most intensive contrasted in approach, although both achieved
statistically significant outcomes for their differing populations. One was adult-led struc-
tured training for adolescents who already had their own PWC [98], while the other was
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play-based, used the ALP-facilitating strategies, and included children at the beginning
phases of power mobility learning, with cognitive and sensory limitations [17,91,92].

Few studies directly reported the amount or intensity of use achieved during home and
community-based training. Across studies, a minimum of 60 min weekly use (>3 sessions
of 20 min) emerged as a common recommendation for achieving developmental gains.
Participants using virtual reality or PWC training in home settings achieved 20 min sessions,
four times a week [89], and an MROC study made the same recommendation, although the
child at GMFCS IV achieved 48 min per week [101].

The secondary analysis comparing developmental change with time spent using
EM or MROC determined that children who achieved more than 60 min weekly use
demonstrated developmental change regardless of device or GMFCS level [84]. Varying
use was measured in MROC studies, from 27-87 min per week in one study [127], while
another measured significantly different developmental gains and change in power mobility
learning in children who spent almost identical total time but significantly different number
of sessions [103]. Figure 7 illustrates training approaches reported across all studies and
intensities of training reported in clinic or lab-based interventions.

(a) Training approaches reported in studies (b) Training intensities in clinic or lab-based studies

Play-based, child-led

Natural setting

Clinic or lab setting

School-based

Coaching/collaborative

ALP facilitating strategies

Technology assisted

Adult-led

m5xweek m3xweek 2xweek m1xweek

3 4 5 6 7 8 9 10 11 12
WEEKS WEEKS WEEKS WEEKS WEEKS WEEKS WEEKS WEEKS WEEKS WEEKS

Figure 7. (a) Training approaches reported by number of studies, describing use of each approach.
(b) Training intensities: number of studies by number of sessions per week over number of weeks.
Note: More than one approach was reported in some studies.

3.5. Outcomes and Lived Experience
3.5.1. Quantitative Outcomes

Outcomes were grouped according to F-word [29,30] and iHAAT concepts [13,28]
by two independent reviewers in Covidence and later agreed with all authors. In the
area of functioning, although the focus varied, positive change in “Moving around us-
ing equipment” as defined in the ICF [31] was the most reported outcome. Increased
general or functional mobility was measured with COPM or PEDI/PEDICAT mobility
scale [78,93,107,120,133,143]. Self-initiated mobility or location change was measured using
videotaped counts or parent report scales [95,123,128,130,131], while a number of other studies
measured (GAS, COPM, lab, or device-based tracking) or described abilities to activate, sustain,
and release switch or joystick [24,82,107,119,120,122,124,125,128,133,134,136,142,145,147].

Increased power mobility learning and use was measured in the greatest number of stud-
ies using the ALP [24,89,92,107,110,114,119,132-134,136,139,146]. It was also measured using
task-based measures such as the PMP, with or without adaptations [89,92,93,103,110,122,144],
and the Wheelchair Skills Checklist (WSC) [78,119,133,134,136]. Fewer studies used the
Power Mobility Training Tool [202] (PMTT) [110,146] and Wheelchair Skills Test (WST) [98].
Others used country-specific tools [89,92,121] or study-specific measures or descrip-
tions [117,118,137,141,187,190]. Positive change measured for remaining activity or func-
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tioning outcomes included gross and/or fine motor change [83,101,103,138,147], self-care
abilities [83,104,132], and increased vocalization or expressive communication [83,130,143].

Positive fitness outcomes included overall developmental change [78,103], cognitive
development [83], receptive language development [78,83], social-emotional change [83],
and positive changes in the sleep-wake cycle [95,116,118]. Occupational participation or
friends/fun outcomes included positive change in individually selected participation goals
that were measured using COPM, GAS, and/or WhOM-YP [24,92,96,98,109,135,136]. Func-
tional social/cognitive change [104,120,132,143] and play/social development or increased
toy interaction were also measured [94,95,130].

Family or contextual factors outcomes included device preference, device satisfaction,
appropriateness, and feasibility of use [83,96,107,114,135,139] and were primarily rated by
parents. Positive change in family views [93] and belief that the public accepts their child
were also measured following PWC use [95]. Another study found that parent perceptions
related to use of EM and MROC were influenced by the child’s cognitive and motor abilities,
as well as use of the device in an appropriate developmental order, i.e., progressing from
single switch to a device that facilitated steering rather than the reverse [87].

It was not possible to determine rates of use or abandonment for this population,
as this was not a focus in most studies. In randomized studies, dropouts ranged from
as high as 19% [78] to none [79,82,83,89]. Several interrupted time-series studies had no
dropouts [92,96,98,101], while in others, 3% [95] and 7% [93] discontinued use. In a pre-post
group study [110], 6/46 parents (9%) discontinued power mobility use during the 6-month
study, while 54% continued to use in the longer term. A mixed-methods study [148]
reported that 9% of children had not achieved independent use and rarely used their PWC.
An RCT, an interrupted time series, and two pre-post group studies specifically reported
that no adverse events or effects had occurred [78,93,107,114]. It is possible, however, that
evidence of unsuccessful intervention, harms, accidents, adverse events, or family burden
is underreported due to publication or positivity bias.

Figure 8 illustrates quantitative outcomes: bar charts illustrate total number of children
reported for each outcome, and counts are unweighted by study design. Table 1 details
study designs (and related number of participants) contributing to each outcome.

Table 1. Evidence supporting quantitative outcomes.

Outcome

Numbers of Each Study Design and Included Participants

Power mobility use

General mobility
Joystick/switch use
Self-initiated mobility

2 RCT (n = 52); 3 time series (1 = 58); 4 pre-post (n = 55): 15 SSRD/ case series/reports
(n=26)

1 RCT (n = 8); 1 time series (n = 27); 1 pre-post (n = 3); 3 SSRD/ case series/reports (1 = 5)
1 RCT (n = 2); 2 pre-post (n = 11); 25 SSRD/ case series/reports (n = 25)

1 time series (1 = 13); 4 SSRD/ case series (1 = 5)

Self-care 1 RCT (n = 15); 2 SSRD/ case series (1 = 9)

Gross/Fine motor 1 RCT (n = 15); 1 time series (n = 1); 3 case series/reports (n = 3)
Communication 1 RCT (n = 15); 2 SSRD/ case reports (n = 2)

Social play 1 time series (n = 13); 1 SSRD (n = 1)

Social-cognitive
Self-identified participation

1SSRD (n = 1); 2 case series (n = 11); 1 case report (n = 1)
3 time series (n = 35); 2 pre-post (n = 28); 2 SSRD (n = 2)

Cognition

Language

Overall development
Socio-emotional
Sleep-wake cycle

1RCT (n=15)

2 RCTs (n =23)

1 RCT (n = 8); 1 pre-post (n = 2)

1RCT (n=15)

1 time series (n = 13); 1 post (n = 12); 1 case series (n = 1)
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Table 1. Cont.

Outcome

Numbers of Each Study Design and Included Participants

Family interactions

Parent beliefs/perceptions
Parent stress

Parent device satisfaction

1 time series (1 = 13); 1 case report (n = 1)

1 RCT (n = 15); 2 time series (n = 25)

1 time series (n = 13)

1 RCT (n = 15); 1 time series (n = 4); 1 pre-post (n = 2); 2 SSRD/ case series/reports (1 = 7)

RCT: randomized controlled trial or crossover trial; Time series: interrupted time series.

(a) Mobility Functioning
200
180 191
160
140
120
100
80
60
40
20
0
Power mobility use General mobility Joystick/switch use  Self-initiated mobility
(b) Functioning (c) Fitness
70 70
60 60
50 s0
40 40
30 20
20 35
17
i ' . i i i
: 0 ]
Self-care Gross/Fine motor Communication Cognition Language Overall Socio- Sleep-wake
development  emotional cycle
(d) Participation, Friends and Fun (e) Context, Family and Device
70 76
60
60
50 50
40 Iy
30 30
20 20
) H ) ‘ i
0 0
Social-play Social-cognitive Self-identified participation Family interactions Parent perceptions  Parent stress Device satisfaction

Figure 8. Significant and/or positive outcomes reported by numbers of children with non-ambulant
cerebral palsy in relation to (a) mobility, (b) other functioning outcomes, (c) fitness outcomes,
(d) friends and fun or participation outcomes, (e) outcomes related to parent, family, context, or
the device. Note: Different Y axis for (a) compared to (b—e).
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3.5.2. Qualitative and Lived-Experience Findings

Lived-experience data from qualitative studies and parent feedback within quanti-
tative studies may be grouped into perceived benefits, as well as a number of reported
barriers or difficulties. Experiences were influenced by hope, expectations, and the meaning
of power mobility to other relevant parties. Although therapist or educator attitudes or
lack of knowledge or support could be a barrier [96,148-150,158,162], many studies noted
that children’s use of power mobility helped to change the attitudes or perspectives of
parents, siblings, other children, and adults as they recognized new or unexpected abilities
or potential [17,89,93,111,122,153,158,162,164].

Two studies were primarily focused on power mobility learning. One emphasized
the importance of the role of the adult as a “responsive partner” eliciting learning through
play and following the child’s lead and also described three stages of learning: exploratory,
operational, and functional use [150]. The other explored the use of different learning
approaches and strategies based on the child’s stage of learning [154].

Fitness benefits experienced may be broadly described as positive changes in emo-
tional function and include motivation, happiness, joy, excitement, confidence, self-esteem,
and self-efficacy [17,102,104,108,111,117,119,122,135,152,159,162]. Activity or functioning
included increased self-care abilities, use of arms and hands, or other physical abil-
ities and switch access [17,83,89,104,118,122,132,156]. Attention and learning benefits
perceived included increased alertness, cognition, attention, communication, or inter-
action [17,81,104,117,118,122,127,145,156]. Increased mobility and exploration included mo-
bility play, enjoying speed, motion, and having fun [17,86,108,111,127,130,146,151,152,158,164].
Independence and freedom benefits included increased sense of control and
choice [17,81,102,108,117,126,148,149,151,152,158,159].

Friends and fun or participation benefits experienced included increased family or
sibling participation [85,86,89,104,108,153,159,162-164] and increased peer participation
and socialization [17,85,86,102,104,117,149,151,152,158,159,161-163]. Two studies described
children being able to engage in age-appropriate mischievous behavior, with one child
telling his siblings “I'm going to get you!” [162], and parents describing their child as
experiencing “the joy of finally being able to disobey!” [149]. More general participation
benefits, such as increased autonomy and engagement, also included a sense of belonging,
self-advocacy, and increased initiation [17,85,86,131,135,149,162-164].

Perceived barriers related to device features [85,86,127,148,149,151,152,164], lack of
accessibility in home or community environments [148,152,158,164], transportation diffi-
culties [148,151-153], and weather challenges [96,108,151,152]. One study also discussed
barriers related to child health, tolerance, or abilities [85].

Figure 9 illustrates perceived benefits and barriers reported by numbers of participants
included in reports, either with non-ambulant cerebral palsy or associated with children
classified as non-ambulant cerebral palsy. It also illustrates the relative intensity of key
themes or concepts across studies.
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Figure 9. (a) Perceived benefits and (b) perceived barriers of power mobility interventions.
(c) Relative intensity of themes or concepts across qualitative and mixed-methods studies.
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3.6. IHAAT Framework Mapping: Figure 10

Findings and outcomes from the studies included in this review were mapped to a
modified F-words iHAAT framework, as shown in Figure 10.

Interdependence: Interactions between Interdependence: power mobility as
power mobility and all relevant parties a facilitator for participation
Human: Person(s) Activity: Participation

\(\‘e‘dependen‘-‘e

Fitness
Development
Emotional /Physical Health
Functioning
Mobility, Communication
Self-care, Motor, Learning
Friends, Family, Fun
Social and Play Participation
Future
Autonomy, Choice
Freedom

Context Assistive Technology
Interdependence: power mobility use and Interdependence: user-led choice, design

sociocultural values and personal identity and utility of power mobility device

Figure 10. F-words iHAAT framework illustrating outcomes and lived-experience findings from the
review. Adapted with permission from the iHAAT model, copyright 2021 Fani Lee [27].
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4. Discussion

This scoping review expands on previous reviews by including data from additional
quantitative and qualitative studies and focusing more specifically on the use and experi-
ence of power mobility for children classified at GMFCS IV-V and (where possible) MACS
II-V. The 90 unique studies included 916 children aged 10 months-18 years and covered a
wide range of geographical locations. Although 59% of studies were conducted in North
America, these studies included only 39% of participating children, while 35% were in
mainland Europe or the UK and 23% in Israel. Studies from low- and middle-income
countries (LMIC) account for approximately 1% of the review population.

This review was guided by several sub-questions:

1. Experiences and meaning of power mobility for different relevant parties: In this
review, we identified findings from children, siblings, parents, or caregivers, therapists,
and educators. These experiences are compared and contrasted in Section 4.1, followed
by a lived-experience narrative from our parent contributor (DC).

2. Rates of use: Our ability to determine associations with GMFCS and MACS levels
was limited since few studies reported MACS levels, and for many older studies,
GMEFCS level was estimated by study or review authors as IV/V. Rates of switch
versus joystick use could only be determined for 42% of children using PWCs, and
associations between GMFCS, MACS, and access/control methods could only be
determined for 11% of children using PWC, PWSD, and platform or smart training
devices. These limited and preliminary observations are discussed in Section 4.2.

3. Methods of introduction and training: For most children, these were not defined
or described. For those studies that did define training characteristics, a distinction
between play-based, child-led, facilitating approaches and skills training was noted,
based on age and/or developmental level, as discussed in Section 4.3.

4. Outcomes and findings: Other than developmental change, which was measured for
young children, perceived benefits, and measured outcomes, as well as barriers and
challenges, were surprisingly similar across all age groups, devices, and locations.
Clarity of reporting was insufficient to identify subgroups based on functional clas-
sifications, access or control methods, or devices. This topic is further discussed in
Section 4.4.

The remainder of the discussion addresses the relevance of the integrated F-words
and iHAAT framework, illustrated by a lived-experience narrative from our full-time PWC
user contributor (BWF); suggestions for future research; and review limitations.

4.1. Meaning and Experience of Power Mobility for Children and Other Relevant Parties

The meaning and experience of power mobility interventions were addressed not only
in qualitative studies, but in a wide variety of study designs across the review. Accepting
the child’s disability and the need for a PWC is an emotional process and may trigger mixed
feelings in relation to their child’s newfound independence [81,153]. Parents may consider
a PWC a “last resort,” representing “giving up on hope” [158]. These feelings are likely
influenced by dominant societal perceptions of disability, and parents may focus on the
hope of walking, while their children see it as exercise rather than functional mobility [203].
Adolescents may become aware of these societal attitudes and the stigma of disability,
describing unwanted attention when out in the community in their PWC [157]. Children
may see a PWC as part of their self-identity, and they and some parents have described
the PWC as the child’s “legs” [117,148,152,158]. Adults with cerebral palsy describe PWCs
and other supportive mobility devices as contributing to their freedom, participation, and
independence [204].
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MROC and specialty devices are more developmentally appropriate for young children
and may help overcome attitudinal and environmental barriers [21]. Other children or
adults in the community may be drawn to interact with children using these devices,
helping to change attitudes [108,111,127,164]. Parents may be willing to provide their child
with new mobility experiences in clinic [111,112,205] or community settings [127], even if
not ready to consider a PWC as a long-term option.

While many studies reported parent attitudes changing from initial reluctance to
mainly positive after their child began using the PWC, in contrast to their parents, children’s
attitudes may be positive from the start [93]. In one study, parental stress was measured at
three time points: PWC prescription, PWC delivery, and after a few months of PWC use.
Interestingly, stress decreased by the time of PWC delivery and remained stable at follow-
up [95]. It is possible that the hope of future independence for their child contributed, as
indicated by parents in qualitative studies [81,149].

Parents of children and adolescents using PWC, MROC, and specialty pediatric
devices described difficulties with the joystick or switch not meeting individual child
needs [85,86,149]. For an adolescent using a chin joystick, his mother reported that it was
difficult to keep his head in place when travelling over rough terrain [151]. The only chil-
dren who reported access/control issues were those using BCI, with some rating reduced
workload in comparison to other options [24]. One child, who had only been allowed to
use switches due to limited manual abilities, had more success when her PWC broke and
she tried a joystick-operated PWC [150]. This speaks to the problem of adult preconcep-
tions of child abilities, limiting or interfering with child opportunities. Parents of a child
who successfully used single-switch scanning with knee access had not previously even
considered a PWC because of his limited manual abilities [141].

Few studies directly included perceptions of teachers or educational assistants,
although many children used the PWC primarily or initially in the school environ-
ment [117,118,144,148,150]. One study described educational staff being surprised by
unexpected abilities and their eyes being opened to children’s potential for learning [17].
These staff were working in a special education setting, but similar comments were made
by a teacher of a child with complex disabilities integrated into a mainstream setting [118].

Studies across the review included both occupational and physical therapists, with the
majority included either in qualitative studies [111,150,153-155] or in a cross-sectional study
with follow-up pre-post study [109,113]. No statistically significant differences in device
satisfaction [113] or goal achievement [109] were measured between parents and therapists.
One qualitative study identified differing therapist attitudes and support of PWC provision
for very young children or those with complex disabilities, between therapists working in
UK national seating clinics and those working for charities [150]. This contrasts with a more
recent survey of Canadian and American therapists, where the vast majority expressed
positive views toward early introduction [206]; however, perceptions of the appropriate
age and necessary cognitive skills varied widely [207]. Age and goals for use influenced
device choice, with different expectations for MROC experience, compared with PWC
prescription [207].

Parents and therapists both raised safety concerns when beginning to use a PWC, but
while parents struggled with time delays in the prescription process, therapists described
challenges with parent acceptance and readiness [153]. Therapist and technical support
and knowledge are a major influence on PWC prescription [148,158,162]. Complex alter-
native access/control methods, such as customized head array access [144], single-switch
scanning [141], or a custom bite switch [119], suggest access to specialized and experienced
clinicians with technical or mobility industry support that may not be available in all
settings, limiting opportunities for more complex children.

https://doi.org/10.3390/disabilities6040064


https://doi.org/10.3390/disabilities6040064

Disabilities 2026, 6, 64

20 of 40

Size, weight, and transportation challenges included the need for a wheelchair van or
a PWC suitable for public transport [148,151-153]. Financial barriers differed depending on
the location and funding environment. Although most young children require manual and
PWCs for different environments and activities, both may not be funded [164]. In LMIC,
however, children may be unable even to experience MROC mobility without charitable
assistance [160,192]. The importance of postural support and comfort, as well as weather
and terrain challenges, were raised in studies related to all ages, locations, and devices. The
meaning and experience of power mobility introduction are illustrated in the next section
by our lived-experience contributor (DC) and mother of a child classified at GMFCS IV. Her
narrative highlights common attitudinal and system barriers, as well as device, accessibility,
and transportation considerations raised across studies in the review.

Débora’s Lived Experience as a Parent

A couple of months after my daughter turned two, I began wondering if a power
wheelchair was something she would benefit from. She was a very curious toddler, but her
physical disability was getting in the way of her exploring the environment at our home. I
had this intuition that if she got the opportunity to drive around, she would benefit from
the freedom and the autonomy she would get. Especially around meals, we could get in a
situation where Mom and Dad had to leave the table to help the older siblings somewhere
else in the house or to find something in the kitchen, and our daughter could get frustrated
that she was left behind.

When I mentioned to my husband that I was thinking of a power wheelchair for
her, his first comment and concern was that she would lose interest in moving with her
stepping device. At that time, I had just gotten some funds to visit the European Academy
of Childhood-onset Disability (EACD) conference in Bruges, and I told my husband that
I would ask someone at the conference for advice. At the conference, I realized that this
was an area of research. I didn’t even know that there were power chairs for toddlers,
and I came soon to find out that research shows that children can be motivated even more
to use stepping devices and move around, when presented with the opportunity to use
power mobility.

When I came home from the conference, I contacted my daughter’s OT (occupational
therapist), telling her that I wanted to apply for a power wheelchair, and her answer right
away was that I could apply, but I should know that the answer would be no. She told
me that they never gave power chairs to toddlers and they first got to use them at school
age, if they could prove to be able to navigate the chair without risk. I told her that I could
understand the rules, but that she, as an OT, probably understood that a PWC would be
beneficial for my toddler. Her answer was no, and as surprised as I was, I replied that then
this would be a battle, scientific data was my weapon, and I knew I would win at the end.

A couple of months before my daughter’s 3-year birthday, we got the chair. Not the
best one, the torque was too high, the responding time of the joystick was delayed, but the
chair was small, it could be driven in our home, wasn’t heavy, and could not harm the older
brothers, and we could take it into our car. The boys loved that their sister got the chair. It
is one of their favorite toys, and their friends are also allowed to play in it. The kids that
visit us love to play in the chair, and my husband and I used it as a strategy: before asking
our community to integrate our daughter, we integrate the kids from the community in our
life. Our daughter’s assistive devices are toys for the other children, and one of our boys
once said: that is not fair! I want to have a disability so I also can get a power chair that
fits me!

Our daughter has learned to navigate around our home with her chair, and she learned
it faster than we ever could expect. I wanted to give her an opportunity to explore, not
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knowing if it would work or not, but either way, she would be experimenting with cause
and effect, and that was good enough for me. I wish other parents could see the power
chairs as something expanding the possibilities for their children, other than something to
fear. I love that I followed my intuition and that there was data to back me up, when our
own OT was against trying.

4.2. Power Mobility Device and Control Use
4.2.1. Device Use According to Age

For mobility opportunities to be “On-Time” or equitable, they should be introduced
by age 12 months [15]. For children with cerebral palsy, PWCs appear to be introduced
later than for children with other conditions. While included studies reported children
with other disabilities using PWCs from 14 months [78], 18 months (mean 30) [94,95], and
21 months (mean 27) [183], children with cerebral palsy in these same studies used PWCs
from 26 months [78], 18 months (mean 47) [94,95], and a mean of 52 months [183]. The
Wizzybug loan scheme similarly reported a mean of 43.7 months compared to 29.8 months
for children with spinal muscular atrophy [208]. In comparison, recent studies including
children with spinal muscular atrophy type 1 report successful introduction of a dual
joystick ride-on toy from 10-13 months [209].

Whether delayed diagnosis of cerebral palsy or delayed parent acceptance of motor
prognosis contributes to delayed provision is unknown. Probability of a child requir-
ing assistive devices and wheeled mobility (GMFCS III-V) can be determined between
2-5 months [210], but diagnosis and motor prognosis are still delayed in many regions,
limiting provision of evidence-based interventions [211,212]. In comparison to parents
of children with a newborn period diagnosis, such as arthrogryposis or multiple limb
deficiencies, parents of children with cerebral palsy are often left with an unclear prognosis.
This may result in searching for a “cure” or a way to “overcome” the disability, ideas that
adults with cerebral palsy report interfere with developing a disability-positive identity or
living a good life [213,214]. One recent study, using EM and MROC, included children with
cerebral palsy from 12-32 (mean 21) months [83]. This suggests either that early diagnosis
guidelines were implemented in study locations or that parents were more willing to
consider trialing these more child and family-friendly devices.

4.2.2. Use, Access and Control Methods, and Relationships with Functional Classifications

Due to limited reporting, subgroup analyses were only possible for a limited number of
studies, rather than across the review, and should be considered preliminary observations,
rather than firm conclusions. For studies where PWC access method was clearly reported
(n = 21), the proportional joystick was used by 79%, matching results from an Israeli loan
program [172]. Adult studies estimate joystick use as 84-92% [215,216], results supported
by a cross-sectional study where 21.7% of children with cerebral palsy used complex and
alternate controls in comparison to 13.9% of adults [173]. This contrast between adult and
child use may relate to contextual factors or differing expectations. For example, PWCs
may only be provided for adults with cerebral palsy who are already proficient, while
therapy and educational support may be more available for children with complex needs.

Children who use a joystick may be more likely to achieve proficient PWC use than
switch users [80,171,172]. The proportional joystick allows control over both steering and
speed, promoting learning of increasingly complex cause-effect relationships [217]. In
the EM, children with cerebral palsy tended to pull the joystick [125] rather than push,
as is more common with typically developing infants from 12 months [218] or children
with other disabilities [169]. These differences may relate to muscle tone or movement
disorders in children with cerebral palsy and/or lack of joystick adjustability in the EM.
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Individualized joystick positioning or a specialized handle may be critical to refined steering
control for those with limited manual abilities, muscle weakness, abnormal muscle tone, or
movement disorders [125,209,219-221].

Few studies (1 = 22) provided sulfficient details to identify patterns between access
sites, control methods or devices, and functional classifications. Where this detail was
available, alternate controls (switches) and/or access sites (body parts other than the hand)
were used mainly by those classified at GMFCS V and MACS V. There was, however,
some unexpected variability, suggesting that other child-specific factors, such as movement
disorders, accompanying impairments, or personal/cultural preferences, may be relevant.

Contextual factors such as therapist knowledge and funding or service delivery and
provision models may also be influential. For example, head controls in North America are
most commonly proximity sensor arrays [221], while mechanical switch head arrays may
make fine control of steering challenging [118]. In Israel, combined use of mechanical head
and tray switches was reported [92], while in Belgium, sensor-based head or head and foot
controls were used [179].

Joystick rather than switch controls for MROC are now available, with some providing
proportional rather than digital control [191]. The proportional joystick-operated Wizzybug
was preferred by 59% of parents in one study, but need for more specialized postural
support or joystick/switch options influenced preference for other devices [112]. Parents
of children at GMFCS V who used the EM reported satisfaction despite its limitations
in postural support and joystick positioning [85]. In contrast, parents have expressed
frustration with difficulties in providing adequate tilt or specialized seating in MROC [127].
These differences may relate to differences in complexity of child profile and expectations
or availability of various devices and complex seating or access/control adaptations in
different settings.

4.3. Power Mobility Learning and Training

Children with cerebral palsy may require longer periods of training in comparison
to other disability populations [208], and longer or more specialized training may be
needed for children using alternate access sites or control methods [183]. After 6 months of
uncontrolled practice at home, young children using hand-accessed switches typically did
not progress beyond understanding cause—effect (ALP phase 3), while those using head
switches were able to explore direction (ALP phase 5) [110]. After 3 weeks of intensive
training, head-tray switch users did not achieve the level of proficiency required for a
publicly funded PWC, but showed significant progress, with two achieving competent
control of steering (ALP phase 6) [92]. These differences may be influenced by the different
ages, intensity of practice, and availability of therapist support.

Studies in children with cerebral palsy [93] and children or adults with profound
cognitive impairments [222] support the importance of practice intensity, length of time,
variability of practice in different locations and settings, and professional support for
learning. While practice time of more than 60 min per week appears to influence overall
development in young children [84], breaking this up into several short sessions each week
may be more effective than infrequent longer sessions [103]. It is also essential to consider
quality of learning, active play, exploration, and interaction, not just time in the device [88].

In our review, the majority of studies did not report the training or learning approach
or how parents or children were supported with learning, matching findings from a survey
of North American therapists where few provided training [206]. Similarly, in the U.S., Go
Baby Go programs modify and provide MROC, with limited follow-up [223]. In contrast,
parents of children with SMA-1 perceived structured therapist coaching and support as
essential to their motivation and confidence [209].
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A recently completed systematic review confirmed limited and inconsistent report-
ing of intervention fidelity [224]. Training strategies should be tailored to individual
cognitive, motor, and sensory needs [225,226], and many studies across our review re-
ported individualized approaches, but no details were provided. Coaching, child-led, and
caregiver-delivered approaches are recommended in pediatric rehabilitation [227], and in
rehabilitation research, patient and public partnerships are increasingly recognized [228].
In this review, however, only a few more recent case reports emphasized coaching or
parent—professional collaborative approaches [123,138-140].

Where studies reported training details, play-based and child-led approaches were
commonly described, particularly for younger and more complex children. A previous
systematic review identified these approaches in the strongest intervention designs [229].
One study noted differing trajectories for children starting at the same learning phase,
with some achieving unexpected progress [92], reinforcing the importance of providing
augmented mobility experiences for all children with mobility limitations [32], rather than
limiting opportunities with preconceptions about which children will be successful [127].

In this review, two approaches to skills-based training were used in experimental
studies: virtual reality and PWC training. The 2018 systematic review concluded that
virtual reality training had mainly been used with typically developing children, and little
evidence supported structured skills-based training [229]. An RCT completed since that
time included 32 school-aged children in either 12 weeks of home-based virtual reality
training or home and community-based PWC training. Both groups significantly improved
skills in a joystick-controlled PWC, with no statistically significant differences between
groups [89]. The other study measured significantly improved skills following 4 weeks of
structured, adult-led, in-person training in 12 adolescents and young adults [98].

Our review findings suggest that different approaches may be suitable for different
ages, abilities, and phases of learning. Emergent evidence supports use of task-oriented
approaches with school-aged children or adolescents who already understand how to
operate the PWC to refine specific skills. Process-based approaches like the ALP instrument
and facilitating strategies focus on how the individual learns to control the body part and
control device, promoting tool-use learning [225]. They provide a language to talk with
parents and caregivers about the small successes and steps along the learning continuum.

4.4. Power Mobility Outcomes and Findings

In this review, experimental and quasi-experimental study designs measured overall
development using validated norm-referenced measures; self-care or social and play skills
using functional measures; or progress in power mobility learning and use. Statistically
significant positive developmental change was measured in infants and preschool children
in experimental studies, while achievement of parent or self-identified and meaningful
goals was measured for all ages and in all devices within a wide range of study designs.
Increased mobility functioning was mainly measured using the COPM or PEDI/PEDICAT,
in experimental, quasi-experimental, and pre-post group designs, and was also a theme in
qualitative or descriptive studies.

Although children using PWCs may achieve a different degree of independence in
both indoor and outdoor mobility to other power mobility devices, similar benefits in
emotional, physical, attention, learning, and communication development were measured
or described in children using all devices and across the age span. While independence,
freedom, control, and choice have different meanings for adolescents in comparison to
toddlers, these were also described across all ages and devices.

Similarly, increased family, sibling, and peer participation were described across the
review population. Enjoying movement for its own sake, playing games with siblings and

https://doi.org/10.3390/disabilities6040064


https://doi.org/10.3390/disabilities6040064

Disabilities 2026, 6, 64

24 of 40

peers, were reported with younger children, while increased socialization and hanging out
with friends were reported by and in relation to older children and adolescents. Parents,
caregivers, therapists, and educational staff described increased sense of autonomy, engage-
ment, and initiation in younger children and for children with additional communication
or cognitive limitations.

Previous systematic reviews suggest that evidence strongly supports the use of power
mobility to increase children’s mobility and moderately supports improved participation,
play, social interaction, and possibly quality of life in broader populations [32,36]. Since
these reviews were published, emergent experimental evidence also supports a positive
impact on development of young children at GMFCS IV and V.

4.5. Interdependence and the F-Words

Independence for the child has been reported to lead to greater independence for
the whole family, freeing up parents for other activities and providing opportunities for
the child, parents, and siblings to participate in activities together [208]. Independence
was also a major theme in this review, as illustrated in Figure 9. Children with complex
non-ambulant cerebral palsy, however, are rarely completely independent, and their use
of assistive devices is often interdependent with and influenced by other relevant par-
ties, including parents, caregivers, therapists, peers, and the general public. Rather than
complete physical or cognitive independence, the goal may be to increase autonomy and
engagement [13,230].

For all individuals and activities, there is a continuum from independence to in-
terdependence, influenced by our social circle [231]. Interdependence emphasizes the
relationships between the device (power mobility) and all relevant parties, as well as the
context [230]. This concept of interdependence was discussed in two studies with young
children [81,162,163]; however, even in studies where adolescents discussed how their
indoor/outdoor PWC increased their independence with friends, they reported that they
were rarely completely on their own [151,152].

The integration of the F-words [28,29] with the iHAAT [27], illustrated in Figure 10
with results and findings from this review, match the relationships proposed in the draft
model, related to the use of supported standing and stepping devices [13]. In our more
developed model, the central outcomes of well-being, health, happiness, development, and
functioning are expanded to include all the F-words. These are influenced by and also
influence the components of the human or person (including all persons interacting with
the power mobility device), the activity (where occupational participation is mediated by
the power mobility device), the context (physical, social, and attitudinal), and the specific
device features.

We identified outcomes and experiences that could be mapped to each of the F-words,
although some were more evident than others. Functioning was most highly reported,
especially mobility functioning and power mobility learning or skill progression. Increased
communication and learning abilities were measured on developmental tests, but through
self-directed mobility, children were also able to communicate their interests or dislikes
and to engage in self-directed learning and exploratory behaviors. While children’s self-
care abilities may not change, they may require less assistance from caregivers and more
actively participate in self-care routines [78,93]. The common fear that using power mobility
will reduce children’s use of their motor skills has not been borne out by experimental
research [78,83]. In contrast, children have been described to increase specific motor skills,
such as use of hands and arms [17,156], or show more interest in other mobility methods
following power mobility experience [56,232].
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Fitness seems a more challenging concept to understand in relation to power mobility
use but, according to the ICF domain of BSF, includes the influence on overall development,
receptive-language development, and emotional and physical health. A positive influence
on the sleep-wake cycle was also measured in a recent single-group study [116] and may
relate to children having more age-typical opportunities for activity and exploration.

Friends, family, and fun outcomes were reported together in our model as they over-
lapped considerably. Happiness and joy were reported by parents in many studies, and
relate to both the joy of independent mobility experiences and emotional health and fun
for the child, parents, siblings, and others [159,160,208]. Increased interaction, play, and
participation with siblings, family, and peers were highly reported across the age span and
in all devices.

Future was specifically mentioned in a few studies, with parents describing how the
PWC would be needed their whole life [149], and increased hope for the future [81]. Future
life and opportunities may also be influenced by child autonomy, sense of self-efficacy, and
motivation, findings that were raised in many studies across the review.

The concepts described in the integrated F-words iHAAT framework are illustrated by
the experiences of our lived-experience contributor and full-time PWC user (BWF) below
and in Figure 11.

Figure 11. The author B.W.E. at age 10; power soccer; operating camera through the PWC.

Ben’s Lived Experience of Interdependence and the F-Words

I was at the age of four when my childhood OT, my guardians, and I collaborated
for me to operate the PWC with a proximity head array at our local rehabilitation center.
Prior to my introduction to the head array-controlled PWC, I was ambulant by using a
MeyWalker, which was a walker assistive device. From the start of my elementary school
years, I did an alternation between the MeyWalker and the PWC. Therefore, I did not
become a full-time PWC user until we saw that the PWC would increase my educational
and social possibilities. The educational possibilities included me gaining more of an
efficient mode of interdependence, which was between the PWC'’s electronics and AAC
(accommodative and alternative communication) devices to express my cognition. The
social possibilities included broader options for play, such as being able to drive across
the grass field to play soccer with my friends. I felt the presence of the F-words generally
among my peers and the public during childhood. Given that my OT saw that I was
functioning exceptionally with the head array and that the head array would be my
tool that I could meaningfully contribute to society with, they focused on maintaining
my head motor skills through my childhood and adolescent developments via complex
seating systems. However, the F-words became less manifested in late childhood and
throughout adolescence.
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The components of my seating system were a rigid pelvic bar, bilateral upper body
supports, and Velcro arm straps, which effectively supported my body to maintain my
head array skills. My confidence to exert my independence with the head array within
my supported seating system had morphed into body insecurities because I was being
perceived by ill assumptions. The assumptions were such as that I must be fragile and be
stuck within an uncontrollable body since I would have to be locked in within my seating
system. A good example would be getting called out on by a school staff to stop racing
around the parking lots within a good intention for my safety within the PWC while my
friends were allowed to continue doing so, and I was left with uncertainly about the value
of play after that. Many other situations were prevalent within my home life, too, and I did
not feel the F-words being applied to me. However, despite the negative social encounters
within the PWC, I could internally rebuild a positive relationship with the PWC, and then
the F-words were being reapplied to my life. With the F-words reapplied, the PWC and the
head array controls are my bodily extensions through which I could connect many other
assistive devices that I contribute to society with.

4.6. Suggestions for Research

The findings of this review were limited by the lack of clear and consistent report-
ing of child classifications and profile. In addition to GMFCS and MACS levels, future
studies should include descriptions of tone and movement disorders and accompanying
impairments. Children with complex non-ambulant cerebral palsy are a heterogeneous
population, and these additional factors may be associated with differences in power
mobility meaning and experiences, outcomes, learning, and use.

The delay in providing power mobility opportunities to children with non-ambulant
cerebral palsy has been illustrated in this review. Alternative approaches are needed
to assist parents in recognizing potential learning benefits and reassurance that it will
not interfere with development of other motor skills. Play-based introduction and
experience may help to address reluctance and promote child and family-led explo-
ration [74,111,112,124,125]. Further research addressing how best to support parents in this
process is needed.

Increased development and availability of developmentally appropriate devices are
also required. MROC may not provide the necessary postural support or control/access
necessary for more complex children [127], although more complex modifications are avail-
able in some locations [104,191]. Depending on geographical location, different specialized
pediatric power mobility devices are available. For example, the EM [169] is available in
the U.S. and in the Nordic countries; Bugzi [112,233] and Wizzybug [112,208] are avail-
able through loan schemes in the UK; Baby Loco [234] is available in Japan. Platform
devices are typically large and usually only available in institutional and research set-
tings. Carry Loco is a small and inexpensive platform that can be used with children’s
manual wheelchair or other positioning devices, but is currently only available in Japan
https:/ /www.mech.usp.ac.jp/~maw/KLP2016/home.html (accessed on 22 May 2026)
Low-cost, developmentally appropriate devices are needed for all locations and, in particu-
lar, for LMIC. In Brazil, for example, Nossa Casa [235] (www.nossacasa.org.br, accessed on
22 May 2026) and the Adapt project [139] support MROC adaptations for children with
motor and cognitive disabilities.

Apart from studies specifically addressing training, support following device pro-
vision was noticeably lacking or not described for many children. This contrasts with
provision of other complex assistive technologies, where extensive training is part of the
intervention. As recommended by a recent systematic review, the core components of
power mobility interventions must be described, and the fidelity of implementation, as

https://doi.org/10.3390/disabilities6040064


https://www.mech.usp.ac.jp/~maw/KLP2016/home.html
www.nossacasa.org.br
https://doi.org/10.3390/disabilities6040064

Disabilities 2026, 6, 64

27 of 40

well as child and caregiver response, must be measured in order to advance research and
clinical practice [225]. In qualitative studies, parents frequently commented on the need for
knowledgeable therapist and technical support with device selection, fitting, and training.

Findings from this review suggest that approach to power mobility training depends
on child age and profile, with play-based, child-led, and facilitating approaches being
most appropriate for younger children and children with multiple and complex disabilities.
Skills-based and virtual training may help children who have already achieved basic
understanding of how to use the PWC to further develop skills.

Review findings also suggest that intensity of practice is important, with therapists
coaching parents and caregivers. Some children may benefit from short blocks of intensive
intervention to work on specific goals, interspersed with time using within daily life settings.
Further research is needed to explore the relative effectiveness of different training models
and approaches for children with complex non-ambulant cerebral palsy.

Children’s use of alternate access or control methods for power mobility devices was
incompletely explained by GMFCS and MACS levels, in the 22 studies where this detail was
provided. Other child-specific factors, such as movement disorders, personal preferences,
or contextual factors, may have influenced selection and use of access methods other than
the hand-controlled proportional joystick. Further research is needed to examine the use
of power mobility and the learning progression in children with complex non-ambulant
cerebral palsy and particularly for those who use alternate access and control methods.

4.7. Limitations

Although we did not limit language, the search terms were in English, and only two
non-English language publications were identified. We also did not exclude articles by
publication status, but grey literature searches are challenging. Google Scholar searches
were limited to four phrases, and since ranking changes over time, we may have iden-
tified different articles with these search terms at a different time. The field of pediatric
power mobility is relatively small, and based on our clinical trial register and conference
proceeding searches, as well as known author contact, we are confident that our search was
relatively complete. It is possible, however, that we missed studies by unknown researchers
or published in other languages.

This review aimed to map and describe power mobility usage and experience and
retrieved a large number of studies with wide variability in design and purpose. Al-
though quality rating was not relevant to this scoping review, we organized the studies in
Supplementary Materials Table S3 under the main study design, giving an indication of
relative strength of evidence. In visual presentation of significant and/or positive outcomes
(Figure 8), a simple count of participants was used; however, apart from joystick/switch
use and social-cognitive outcomes, all were predominantly supported by experimental or
quasi-experimental evidence studies that also included the majority of participants. Quality
rating and risk-of-bias assessment should be conducted as part of future systematic reviews
addressing effectiveness of power mobility interventions for the various outcomes.

Review findings and our ability to group these according to GMFCS and MACS levels
were limited by the lack of reporting in original studies. We described use, access and
control methods according to GMFCS and MACS for a small number of studies, but were
unable to evaluate across the review. Although GMFCS and MACS levels are associated, it
could also be argued that lack of MACS reporting limited our ability to ensure that included
children met our criteria of complex non-ambulant cerebral palsy. The official graphical
representations accompanying the GMFCS materials (https://canchild.ca/resources /42
-gmfcs-e-1/, accessed on 22 May 2026) may convey the idea that children at GMFCS V do
not use power mobility, or if children do successfully use a PWC, it means they are GMFCS
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IV. Results and findings from this review, however, illustrate that children classified as
GMFCS V do successfully use power mobility, but our ability to draw strong associations
between child profile, access/control methods, and power mobility usage is limited.

The possibility of publication and/or positivity bias must be considered since out-
comes and experiences are mainly positive. Figures 9 and 10, however, illustrate common
barriers and challenges raised in many studies across the review. Dropout rates reported
were low, lack of adverse events or effects was specifically reported in a number of experi-
mental and quasi-experimental studies, and non-significant results are noted throughout
Supplementary Table S3. Formal publication bias evaluation is not undertaken in scoping
reviews; however, a systematic review including 15 studies from this review previously
determined no significant asymmetry or bias in relation to power mobility skill progres-
sion [36]. A comprehensive mixed-methods review that included 33 studies from this
review also concluded that publication bias was not a significant issue, noting reporting
of non-significant, null, or contrasting results in relation to multiple outcomes discussed
within this review [32].

Lastly, while studies were identified across a wide range of geographical regions,
it must be acknowledged that 99% of the evidence reviewed is based on studies from
higher-resourced areas where device availability, funding structures, therapist training,
and parent expectations differ from most LMIC. There is, however, considerable variability
in device availability and funding structures across these more highly resourced settings,
and similar environmental and attitudinal barriers and challenges were reported across
all studies. While earlier and more broadly applied use of power mobility may be most
appropriate to higher resourced settings, Brazil has emerged as a leader in promoting use
of MROC and providing low-cost solutions that may also be applied in other LMIC.

5. Conclusions

Findings suggest that the experience and meaning of power mobility interventions
may be predominantly positive in relation to fitness, functioning, friends, family, fun, and
future outcomes, for children classified at both GMFCS IV and V from as young as 10
months of age, as illustrated in our integrated F-words iHAAT model. Children at GMFCS
V may experience the most benefit from early childhood power mobility experiences since
they are most limited in their opportunities for exploratory behavior and learning through
other means. Parent, therapist, and educator preconceptions and knowledge, however,
strongly influence which children have opportunities to use and experience power mobility.
Children’s experiences, learning, and the abilities demonstrated through their use of power
mobility frequently change adult attitudes toward power mobility itself, as well as their
perceptions of child potential. This reciprocal interaction illustrates the interdependence
between children and other relevant parties, power mobility, activity/participation, and
the environmental barriers and challenges that are consistently reported to limit use across
all settings.

Dominant societal perceptions of power mobility as a last resort replacement for walk-
ing continue to influence all relevant parties, including parents and therapists. Parents
need support to see the possibilities of power mobility interventions for exploration and
tool-use learning, starting within the first year, to enhance overall development. Children
with complex non-ambulant cerebral palsy need opportunities for development and learn-
ing, rather than waiting for them to demonstrate “readiness” for power mobility. While
limitations of funding and support for power mobility use in LMIC must be acknowledged,
developmentally and contextually appropriate devices are still needed for all regions,
along with increased knowledge and support for providing power mobility opportunities,
experiences, and training for children with more complex profiles.
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Children with cerebral palsy may require longer periods of training than other disabil-
ity groups. Statistically and clinically significant, positive outcomes have been reported
for intensive play-based, child-led, facilitating, and caregiver-supported approaches for
younger children and those with additional impairments. Predicting which children will
develop goal-directed, safe, and functional community PWC use is difficult and influenced
by the environment, opportunities, training, and support. Even children who may never
become independent, autonomous PWC users experience learning opportunities through
power mobility use. Rather than being limited by adult preconceptions or lack of knowl-
edge, children with complex non-ambulant cerebral palsy require an appropriate match of
device, access and control method, sufficient time, intensity of practice, and appropriate
learning support to match their age, phase of learning, abilities, and context.
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Abbreviations

The following abbreviations are used in this manuscript:

ALP Assessment of Learning Powered mobility use
BCI Brain Control Interface
BSF Body Structure and Function
corM Canadian Occupational Performance Measure
EM Explorer Mini
GAS Goal Attainment Scaling
GMECS Gross Motor Function Classification System
ICF International Classification of Functioning, Disability, and Health
iHAAT Interdependence Human Activity Assistive Technology model
LMIC Low- and Middle-Income Countries
MACS Manual Abilities Classification System
MROC Modified Ride-On toys or Cars
PEDI Pediatric Evaluation of Disability Inventory
PEDI-CAT  PEDI-Computer Adaptive Test
PMP Power Mobility Program
PMTT Power Mobility Training Program
PWC Power Wheelchair
PWSD Power Wheelchair Standing Device
RCT Randomized Controlled Trial
WhOM-YP  Wheelchair Outcome Measure for Young People
WSC Wheelchair Skills Checklist
WST Wheelchair Skills Test
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