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ABSTRACT

Preschool children with physical mobility impairments as a form of disabilities (PMIOD) may face concurrent
challenges in perceptual behavior, spatial participation, and emotional responses in home and everyday envi-
ronments. This study conducted a scoping review. Search terms and eligibility criteria were developed based on
the Population-Concept—Context framework, and the review was reported following PRISMA-ScR. Searches were
conducted in Scopus, Web of Science, PubMed, and APA PsycINFO/APA PsycArticles for articles and reviews
published between January 2015 and May 2026. A total of 1871 records were identified. After deduplication,
1589 titles and abstracts were screened, 654 full texts were assessed, and 176 studies were finally included. The
findings showed that mobility limitations in PMIOD children were associated with reduced spatial exploration,
difficulties in mobility, obstacle avoidance, and environmental understanding, restricted play participation, and
limited action autonomy. Spatial accessibility, path continuity, assistive device fit, caregiver support, and sensory
environments were jointly associated with children's modes of participation and emotional experiences. Existing
studies mainly used questionnaires, proxy reports, interviews, behavioral observation, video coding, sensors, and
assistive technologies to assess related behavioral and emotional expressions. However, the standardization of
these methods, their age appropriateness, and evidence from real home spaces remain limited. Overall, the
perceptual behaviors and emotional responses of PMIOD children were jointly related to physical ability, spatial
conditions, assistive devices, and caregiving relationships. Future research should further differentiate age and
mobility ability differences and translate home space factors, including paths, furniture, assistive devices, and
sensory environments, into measurable and comparable analytical variables.

1. Introduction

limitations in limb function, postural control, or mobility during child
development or functional recovery (He et al., 2026; WHO, 2007). This

The WHO Global Disability Action Plan 2014-2021 called for bar-
riers faced by persons with disabilities to be reduced and for rehabili-
tation, assistive technology, disability data, and related research to be
strengthened (WHO, 2015). The 2030 Agenda for Sustainable Devel-
opment subsequently proposed the principle of “Leave no one behind,”
emphasizing the inclusion of vulnerable groups in social development
and environmental support (Stuart et al., 2016; United Nations, 2015).
Within this policy context, the participation and environmental support
needs of children with physical mobility impairments as a form of
disability (PMIOD) represent an important concern in child develop-
ment, rehabilitation, and environmental research (UNICEF, 2022; He
et al., 2026; UNICEF, 2021; WHO, 2022). In this study, PMIOD is used
as a working umbrella term to define children who experience
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group may include children with formally diagnosed physical disabil-
ities, children with developmental motor disorders, children who
experience temporary functional limitations after injury, disease, sur-
gery, or trauma, and children who have not reached the threshold of
formal disability diagnosis but still experience restricted physical
movement, impaired mobility, or the need for mobility support.
Although the medical causes and recovery possibilities of these children
may differ, these children may all face restricted spatial access, diffi-
culties in path movement, reduced opportunities for exploration, and
increased needs for assistive devices or adult support in home and
everyday environments. Therefore, PMIOD is useful for discussing the
integrated physiological, psychological, behavioral, and environmental
support needs of children with mobility limitations (UNICEF, 2021;
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WHO, 2022; WHO & UNICEF, 2022). Discussing PMIOD across child
development, rehabilitation, environmental behavior, and inclusive
design can address the limited attention given to the spatial experiences
of children with mobility limitations in existing studies. It can also
extend related research from clinical functional assessment to spatial
participation, environmental interaction, and emotional adaptation
(Wertlieb, 2019).

Children's everyday development depends strongly on family and
proximal living environments. As children grow older, their develop-
mental changes and needs vary greatly across stages. Among these
stages, the preschool period, usually referring to children aged 3-6
years, is an important transition from infancy and toddlerhood to school
age (Black et al., 2017; Britto et al., 2017). It is also a period in which
children gradually move from the family to school and broader social
environments (UNICEF, 2017, 2019). This stage is important for phys-
ical development, cognitive development, emotion regulation, and so-
cial participation (Black et al., 2017; Kesiktas et al., 2009; Institute of
Medicine & National Research Council, 2000). For PMIOD children,
home and everyday environments are not only basic living settings but
also important contexts for spatial exploration, physical activity,
emotional expression, and social interaction (Albrecht & Khetani, 2017;
Anaby et al., 2014; Barchus et al., 2023; Khetani et al., 2015; Law et al.,
2013). From the perspective of child environment interaction, the
development and participation of PMIOD children are jointly influenced
by individual mobility ability, caregiving support, assistive devices, and
environmental accessibility. Therefore, home environments and spatial
conditions have a sustained influence on the development of preschool
PMIOD children (Albrecht & Khetani, 2017; Anaby et al., 2014; Celik
Turan et al., 2025; Di Marino et al., 2018; Hwang et al., 2014).

Research on home spaces and everyday environments for PMIOD
children aged 3-6 involves multiple fields, including architectural
design, child development, rehabilitation therapy, assistive technology,
and environmental psychology (Di Marino et al., 2018; Imms et al.,
2017; WHO, 2007; Yu et al., 2024). Children at this stage are in a
period of rapid development, and their muscle coordination, balance,
spatial mobility, emotional expression, and need for autonomy are still
developing (Adolph & Hoch, 2019; Haywood & Getchell, 2021; Lilian
et al., 2016; Ungureanu, 2013). For PMIOD children, these develop-
mental characteristics are further influenced by physical function,
postural control, assistive devices, and the need for adult assistance
(Anderson et al., 2013; Farran et al., 2021; Livingstone & Paleg, 2014;
Ungureanu, 2013). In spatial settings, PMIOD children may show fewer
opportunities for active crawling, approaching objects, grasping furni-
ture, changing direction, and autonomous exploration. PMIOD children
may also rely more on parents or caregivers to complete movement and
activities (Anderson et al., 2013; Campos et al., 2000; Livingstone &
Field, 2021; Oudgenoeg-Paz & Riviere, 2014). Restricted mobility may
reduce children's opportunities to interact effectively with living spaces
(Belmonti et al., 2015; Farran et al., 2021; Stanton et al., 1998). In this
study, spatial behavior mainly refers to how PMIOD children enter
spaces, move along paths, approach targets, avoid obstacles, use assis-
tive devices, and participate in activities in home and everyday envi-
ronments. Spatial conditions refer to the physical environment, assistive
device fit, and caregiving support that influence these behaviors.

From the perspective of embodied spatial cognition, children's un-
derstanding of space is often gradually formed through approaching
objects, changing positions, avoiding obstacles, and interacting with the
environment. When children cannot actively approach objects, peers, or
activity areas in the environment, their understanding of spatial paths,
object locations, environmental stimuli, and social opportunities may
also be affected. This may further hinder the development of spatial
cognition and related skills (Farran et al., 2021; Ungureanu, 2013). In
this context, children's visual attention, tactile contact, assistive device
use, and adult assistance behaviors may become important clues for
understanding their spatial perception and environmental participation
(Huang, 2018; Livingstone & Field, 2021).
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The preschool period is also an important stage in which children's
emotion regulation, self-awareness, and need for autonomy gradually
develop (Eisenberg et al., 2010). From the perspective of developmental
environmental psychology, children's emotional responses do not arise
only from their individual psychological states. These responses are also
closely related to whether children can enter spaces, approach targets,
participate in activities, and obtain adult and environmental support.
Compared with their peers, PMIOD children may be more likely to
experience frustration, anxiety, insecurity, or withdrawal from partici-
pation because of mobility limitations, activity dependence, and insuf-
ficient opportunities for environmental participation (Downs et al.,
2018; McMahon et al.,, 2020; Sigurdardottir et al., 2010). These
emotional responses should not be understood simply as individual
psychological problems. Instead, these responses should be interpreted
within the combined context of physical limitations, caregiving support,
assistive devices, and environmental accessibility (Downs et al., 2018;
Hollin et al., 2022). Therefore, PMIOD children's tactile contact, visual
attention, spatial approach patterns, and environmental exploration
behaviors may differ from the default user assumptions in conventional
child oriented spatial design. However, these differences still need to be
further discussed with reference to specific spatial contexts and behav-
ioral evidence (Imrie, 2012; Steinfeld & Maisel, 2012; Yu et al., 2024).

Current research and design practice have begun to address the
spatial and support needs of young children from the perspectives of
child participation, family support, environmental factors, and product
adaptation (Celik Turan et al., 2025; J. K. Kim, 2016; Yu et al., 2024).
Existing reviews have also discussed related issues from the perspectives
of participation measurement in childhood disability, family centered
services, mental health, socioemotional development, and environ-
mental factors (Adair et al., 2018; Almasri et al., 2018; Celik Turan et al.,
2025; Downs et al., 2018; Hansen et al., 2025; Valentin-Gudiol et al.,
2017). These studies provide an important basis for understanding
children's participation, functional development, family support, and
mental health. However, existing studies have rarely understood the
everyday experiences of PMIOD children through the process of spatial
action. The physical mobility limitations, spatial behaviors, emotional
experiences, and home environmental fit of PMIOD children still require
further investigation (Celik Turan et al., 2025; He et al., 2026). In
particular, the relationships among movement paths, exploratory be-
haviors, assistive device use, emotional responses, and caregiver support
in real home spaces remain insufficiently synthesized (Adair et al., 2018;
He et al., 2026; Kesiktas et al., 2009).

In this review, child environment interaction is used as the overall
conceptual framing for understanding the spatial behaviors and
emotional responses of PMIOD children. Within this framing, these be-
haviors and responses are interpreted in relation to the interaction
among individual physical ability, home and everyday environments,
assistive devices, and caregiving support (Bronfenbrenner, 1979; WHO,
2007, 2022). Embodied spatial cognition helps explain how children
form spatial understanding through movement, tactile contact, obstacle
avoidance, and assistive device use. Developmental environmental
psychology helps explain how children's emotional responses are related
to spatial access, activity participation, environmental support, and
adult assistance.

The 2030 Agenda for Sustainable Development gave science, tech-
nology, and innovation a clearer role in advancing social inclusion and
sustainable development goals (Colglazier, 2015). Based on this policy
context, the conceptual framework, and the research gaps identified
above, this review used 2015, the calendar year in which the 2030
Agenda was adopted, as the temporal reference point for the evidence
map (Stuart et al., 2016; United Nations, 2015). It examined studies
published from January 2015 to May 2026 to trace developments in
environmental participation, spatial behavior, emotional responses, and
related assessment methods among PMIOD children during this period.
Earlier foundational literature was retained where necessary to establish
the conceptual background.
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Within this scope, the review synthesizes evidence distributed across
child development, rehabilitation, assistive technology, environmental
behavior, and design research. It focuses on summarizing the spatial
behaviors and emotional responses of PMIOD children in home and
everyday environments, identifying the observation methods, mea-
surement tools, and technology assisted assessment approaches used in
existing studies, and clarifying the remaining gaps in current evidence
(Arksey & O’Malley, 2005).

Guided by this framework, this study addresses the following
research questions.

1) How do existing studies describe the perceptual behaviors, mobility
exploration, and participation characteristics of PMIOD children
aged 3-6 in environmental contexts?

2) What emotional responses do PMIOD children show during spatial
interaction and everyday participation, and how are these responses
related to physical limitations, caregiving support, and environ-
mental conditions?

3) What observation methods, measurement tools, and technology
assisted assessment approaches have been used in current studies,
and what are their main applicability and limitations?

4) What spatial barriers, sensory triggers, and design related issues do
PMIOD children face in real home and everyday environments?

2. Methods

This study was conducted as a scoping review. The review followed
the methodological framework proposed by Arksey and O’Malley
(2005), and incorporated the methodological refinements suggested
by Levac et al. (2010) and the JBI guidance for scoping reviews (2024).
The review was summarized, written, and reported according to the
PRISMA-ScR reporting guidelines for scoping reviews (Tricco et al.,
2018). Based on the research questions and the interdisciplinary scope
of this review, the literature search was conducted in May 2026 across
four databases: Scopus, Web of Science, PubMed, and APA Psy-
cINFO/APA PsycArticles through the EBSCOhost platform. These data-
bases were selected to cover engineering and design, rehabilitation and
child health, and psychology and behavioral sciences (Bramer et al.,
2017). The review period began in January 2015, the calendar year in
which the United Nations adopted the 2030 Agenda for Sustainable
Development (United Nations, 2015). Within this time frame, the review
maps how research on PMIOD children's perceptual behaviors,
emotional responses, environmental participation, and related assess-
ment methods in home and everyday environments developed up to May
2026. The search terms and eligibility criteria were mainly developed
based on the Population-Concept—Context framework, namely Popula-
tion, Concept, and Context (Peters et al., 2021, 2024) (Table 1). In this
study, Concept was not treated as an intervention outcome variable.
Instead, Concept referred to perceptual behaviors, interactive behaviors,
exploratory behaviors, and emotional responses related to spatial
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environments.

The literature search used Boolean logic to combine search terms
with ‘AND’ and ‘OR’ operators. Search fields were limited to article ti-
tles, abstracts, and keywords. Because the review involved multiple
factors, the search strategy was organized through segmented retrieval
and broader term expansion. Three rounds of searches were conducted
separately in each database. The first round used core keyword combi-
nations targeting the main terms related to Population and Concept. The
second round expanded the coverage of disability related terms on the
basis of the first round, including specific diagnostic terms such as ce-
rebral palsy, spina bifida, limb deficiency, and neuromuscular disorder.
This step was used to avoid missing relevant studies that used specific
diagnostic labels rather than broader terms such as physical disability.
Detailed information is provided in Table 2. After the three search
rounds, records were restricted to English language articles and reviews,
and database specific subject area restrictions were applied where
available (Fig. 1, Table 3).

To reduce literature noise from subject areas clearly unrelated to the
review topic, such as chemistry, earth sciences, and agricultural sci-
ences, subject area restrictions were applied in Scopus and Web of Sci-
ence. The specific subject area restrictions are shown in Table 3. PubMed
and APA PsycINFO did not provide subject area filters equivalent to

Table 2
Search strategy summary across databases.

R

Focus Area

Search Objective

Main Search Terms

1

2

3

Behavior and
Disability

Emotional
Response and
Disability Traits

Broader
Contextual
Studies

Identify core studies on
behavioral patterns of
preschool children with
mobility impairments

Retrieve emotional/
affective studies involving
preschool children with
various mobility
impairments

Broaden the scope to
identify contextual
evidence on environment,
spatial interaction, and
emotional responses in
preschool children.

("preschool children" OR
"early childhood" OR "young
children")

AND ("emotion regulation"
OR "affective behavior" OR
"emotional response")

AND ("environment" OR
"spatial interaction" OR
"home environment" OR
"physical setting")
("preschool children" OR
"early childhood" OR "young
childhood")

AND ("emotional response”
OR "affective behavior" OR
"emotional development"
OR "emotion regulation")
AND ("mobility
impairment*" OR "motor
disabilit*" OR "physical
disabilit*" OR "cerebral
palsy" OR "limb deficienc*'
OR "congenital limb
deformit*" OR
"neuromuscular disorder*"

OR "spinal cord injur*" OR
"amputation")

("preschool children" OR
"early childhood" OR "young
children")

AND ("emotion regulation"
OR "affective behavior" OR
"emotional response")

participation. Context referred to home and everyday living
Table 1
Keyword composition for literature search using the PCC framework.
Element composition keyword
Population ~ Preschool children with "preschool children", "early
physical mobility childhood", "young children",
impairments "children" AND "mobility
impairment*", "physical disab*",
"motor disab*", "cerebral palsy"
Concept Perception, behavior, and "perceptual behavior", "spatial
emotional responses in daily interaction", "exploration behavior",
activities "emotional response", "affective
behavior"
Context Home and daily living "home environment", "domestic

environments

"o

setting", "family environment",

"o

"everyday activities", "daily living"

AND ("environment" OR
"spatial interaction" OR
"home environment" OR
"physical setting")

Note: The same search logic was applied across Scopus, Web of Science Core
Collection, PubMed, and APA PsycINFO/APA PsycArticles (via EBSCOhost),
covering four interdisciplinary domains. In Scopus, searches were conducted in
TITLE ABS KEY. In Web of Science Core Collection, searches were conducted
using Topic. In PubMed, searches were conducted in Title/Abstract. In APA
PsycINFO and APA PsycArticles via EBSCOhost, equivalent searches were con-
ducted in Title, Abstract, and Subject Terms fields. The three search rounds were
conducted separately, and all retrieved records were imported into Zotero for
deduplication.
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Fig. 1. Database specific search rounds and filtering process before Zotero import.
bl preschool children aged 3-6 years. For studies with sample age ranges
Table 3

Overview of search rounds, filtering steps, and database-specific restrictions.

Database Subject Area

Medicine, Psychology, Social Sciences, Neuroscience, Health
Professions, Nursing, Arts and Humanities, Environmental
Science, Engineering

Psychology Developmental, Psychiatry, Education Educational
Research, Psychology, Psychology Educational, Psychology
Multidisciplinary, Psychology Clinical, Family Studies, Behavioral
Sciences, Public Environmental Occupational Health, Pediatrics,
Psychology Experimental, Psychology Social, Neurosciences,
Rehabilitation, Education Special, Environmental Sciences,
Nursing, Social Sciences Interdisciplinary, Sociology, Social Work
Not applicable. PubMed does not provide subject area filters
comparable to Scopus or Web of Science. Eligibility was
determined during title, abstract, and full text screening.

APA Psychology and behavioral sciences related records were retained.
PsycArticles Non journal records, including dissertations and book chapters,
were excluded according to the eligibility criteria. No additional
subject area filter comparable to Scopus or Web of Science was

applied.

Scopus

Web of Science

PubMed

Note: PubMed does not provide subject-area filters comparable to Scopus and
Web of Science. Article-type and age filters were tested but not retained because
they substantially reduced retrieval and did not align precisely with the pre-
defined age range and inclusion logic. Eligibility was therefore determined
during title/abstract and full-text screening.

those in Scopus and Web of Science. Therefore, records from these da-
tabases were assessed according to the inclusion and exclusion criteria
during title and abstract screening and full text eligibility assessment.

All search results from the four databases were imported into Zotero
for reference management (n = 1871). After automatic deduplication in
Zotero, the researchers manually checked titles, authors, publication
years, and DOIs. This process generated an initial non duplicate refer-
ence library (n = 1589). After additional prescreening checks, title and
abstract screening were conducted according to four aspects: the age
range of the study population, disability characteristics, research con-
tent, and research method.

First, in terms of age range, the included studies focused mainly on

that crossed the target age range of this review, such as studies including
children aged 2-7 years, the studies were included only when one of the
following conditions was met: the median age of the sample fell within
the 3-6 year age range, or the study separately reported results for the
3-6 year subgroup. Second, in terms of disability characteristics, the
included studies mainly focused on children with mobility impairments
or physical movement limitations. These children included, but were not
limited to, children with cerebral palsy, children with motor impair-
ments, children with substantial difficulties in postural control or
grasping function, children with limb absence, and children with
congenital limb deformities. Third, in terms of research content, eligible
studies were required to involve at least one perceptual, behavioral, or
emotional variable and to be directly related to the core topic of this
review. Finally, in terms of research method, empirical studies and re-
view studies using any research design, including quantitative, quali-
tative, and mixed methods designs, were eligible for inclusion. In
accordance with the JBI guidance for scoping reviews (Peters et al.,
2024), this review did not conduct methodological quality appraisal.
Only formally published original studies and reviews with accessible full
texts were included.

On this basis, the records entering the screening process were further
reviewed by title and abstract, and the screening decisions were made
with reference to full text availability and relevance to the study topic.
The exclusion criteria mainly included the following categories: 1) the
study population was not children; 2) the study population belonged to a
broad group of children with disabilities, but the disability character-
istics were not consistent with the physical disabilities, mobility im-
pairments, or related motor function limitations addressed in this
review; 3) the research topic differed substantially from the aim of this
review and could not provide useful evidence for the analysis of
perceptual behavior, emotional expression, or related environmental
factors; 4) the study information was incomplete or the full text was
unavailable. After screening, 176 studies were finally retained for sub-
sequent analysis. The detailed screening process is shown in the PRISMA
2020 flow diagram (Fig. 2).

The final included studies entered the data charting stage. Data
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Identification

Screening & Eligibility
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Identification of studies via databases and registers

Records identified from databases:
Scopus (n=311)
Web of Science (n = 121)
PubMed (n = 1389)
EBSCO / APA PsycINFO (n = 50)
Total records identified (n = 1871)

Records removed before screening:
Zotero Duplicate records removed (n=267)
Records removed by language, year, and publication type (n = 13)
Duplicate records removed after manual checking (n = 2)
Records marked as ineligible by automation tools (n =0 )

Records screened by title and abstract

(n=1589)
l

Records excluded due to following reasons** (n=926)
Excluded after title and abstract screening (n = 926)

Reports sought for retrieval
(n=1663)

Records excluded due to following reasons** (n=9)
Reports not retrieved (n = 9)

Reports assessed for eligibility

}—.
H
}_.

(n=654)
}

Studies included in review (n = 176)
Core studies (n = 89)

Records excluded due to following reasons** (n=478)
Reason 1: Population mismatch (n=32)
Reason 2: Age notin 3 - 6 range (n = 49)
Reason 3: Condition Or Setting mismatch (n=354)
Reason 4: Topic mismatch (n=38)
Reason 5: Publication type mismatch (n=5)

Included

Contextual studies (n = 87)
Reports of included studies (n=176)

Fig. 2. PRISMA 2020 Flow Diagram showing the selection process of studies.

charting was independently conducted by two researchers, and dis-
agreements were resolved through discussion. Following Arksey and
O’Malley (2005) and Peters et al. (2024), a structured data charting
form was developed to extract four categories of information (Table 4):
A) Population and Context; B) Behavioral Constructs and Outcomes; C)
Assessment and Analytic Tools; and D) Research Methodology. No
protocol was prospectively registered for this scoping review. During the
revision stage, the amended search strategy, database records, eligibility
criteria, and data charting framework were archived in an OSF revision
stage transparency record. This record should not be interpreted as
prospective preregistration.

After export from Zotero, the extracted keywords and terms were
cleaned and standardized through three steps: 1) descriptive metadata
terms unrelated to the research questions, such as ‘male’, ‘female’,
‘humans’, ‘study’, and ‘article’, were removed; 2) synonyms and
inconsistent expressions were merged; 3) medical terms that were too
broad or not clearly aligned with the constructs of this review were
removed. The standardized tag classification was then summarized in
Table 5.

The standardized tags were organized according to the four cate-
gories of the data charting framework. Population and Context tags
described participant characteristics, disability types, and the physical,
social, institutional, or cultural contexts addressed in the included
studies. Behavioral Constructs and Outcomes covered perceptual, af-
fective, and regulatory responses, interactive and relational processes,
exploratory and mobility behaviors, and broader cross-cutting out-
comes. Within B1, the tags represented sensory and perceptual pro-
cessing, attention and cognitive control, affective and emotional
reactions, emotion regulation and dysregulation, self-regulation, and
physiological regulation. These constructs were grouped for descriptive
data charting while retaining their distinct conceptual meanings.
Interactive and relational tags described parent—child, caregiver—child,
peer, and parent-professional interactions, together with parenting
practices, communication, joint attention, and social participation.
Exploratory and mobility tags described environmental exploration,
play, physical activity, and self-initiated or assisted mobility. Assess-
ment and Analytic Tools included questionnaires and report-based in-
struments, behavioral checklists and adjustment scales, parenting and
family measures, functional and developmental assessments, and
scoring, coding, and analytic tools. Within this category, functional and
developmental assessments described child-level abilities relevant to
participation and interaction with the environment. Research

Methodology tags described study designs and frameworks, intervention
modalities, data collection methods, and technological platforms and
devices. The categories were used as operational data-charting domains
and were not mutually exclusive; a standardized term could be assigned
to more than one category when it represented different aspects of a
study.

3. Results

This review conducted a descriptive summary and thematic synthesis
of the 176 included studies, with a focus on the distribution of existing
evidence related to perceptual behaviors, emotional responses, spatial
experiences, and related measurement methods in PMIOD children.
Among the included studies, 89 studies provided direct PMIOD evi-
dence, and 87 studies provided contextual evidence. Within the
contextual evidence, 76 studies provided PMIOD related contextual
evidence, 7 studies provided broader disability background evidence,
and 4 studies provided design or environmental background evidence.
This section first presents the keyword structure and coding framework
of the included studies. It then summarizes the evidence around
behavioral and emotional patterns (RQ1-RQ2), research tools and
measurement methods (RQ3), and environmental barriers and design
related evidence (RQ4). Table 6 provides a summary of evidence for
each research question, and the key patterns are briefly described.

RQ1: perceptual behavior, mobility exploration, and participation;
RQ2: emotional responses and related conditions; RQ3: observation
methods, measurement tools, and technology assisted assessment; RQ4:
environmental barriers, sensory triggers, and design related evidence.
Domains were not mutually exclusive, and one study could contribute to
more than one research question. Core studies provided direct PMIOD
evidence, whereas contextual studies provided supplementary evidence
from proxy reports, family and service perspectives, broader disability
research, measurement studies, or design and environmental
background.

3.1. Overview of included studies and keyword structure

The 176 included studies were published between 2015 and 2026. In
relation to behavioral keywords, the standardized terms were organized
into three main dimensions: perceptual, affective, and regulatory re-
sponses; interactive and relational processes; and exploratory and
mobility behaviors. Broader terms spanning several dimensions were
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Table 4
Data charting framework for keyword coding and categorization.
Category Detail Explanation
A: Population and Al: Sample Participant groups, age categories,
Context Characteristics and roles represented in the study,

B: Behavioral
Constructs and
Outcomes

C: Assessment and
Analytic Tools

D: Research
Methodology

A2: Disability Types

A3: Environmental
Setting

B1: Perceptual,
Affective, and
Regulatory Responses

B2: Interactive and
Relational Processes

B3: Exploratory and
Mobility Behaviors

B4: Cross-Cutting
Outcomes

C1: Questionnaires and
Report-Based
Instruments

C2: Behavioral
Checklists and
Adjustment Scales

C3: Parenting and
Family Measures

C4: Functional and
Developmental
Assessments

C5: Scoring, Coding,
and Analytic Tools

D1: Study Designs and
Frameworks

D2: Intervention
Modalities

D3: Data Collection
Methods

such as children, parents,
caregivers, teachers, and
therapists.

Specific disabilities, impairments,
mobility limitations, or related
health conditions addressed in the
study population.

Physical, social, institutional, or
cultural contexts addressed in the
study.

Child-level responses involving
sensory and perceptual processing,
attention and cognitive control,
affective and emotional reactions,
emotion regulation and
dysregulation, self-regulation, and
physiological regulation.
Parent—child, caregiver—child,
peer, and parent—professional
interactions, including parenting
practices, communication, joint
attention, social engagement, and
social participation.

Behaviors related to
environmental exploration, play,
physical activity, self-initiated or
powered mobility, stair use, and
wheelchair skills.

Broad outcomes spanning adaptive
and problem behaviors, functional
abilities, participation, quality of
life, socioemotional development,
school readiness, and mental
health.

Questionnaires, surveys,
satisfaction measures, and parent-
or caregiver-reported measures.
Structured instruments used to
assess behavioral characteristics,
adjustment, and developmental
behavior.

Measures of parenting, parental
stress, family adjustment, family-
centered care, caregiver
sensitivity, and the family
emotional climate.

Classification systems and
standardized assessments of motor
and physical function, cognitive
and developmental abilities, self-
regulation, and daily functional
performance.

Tools and procedures used to
score, code, or analyze
observational, behavioral,
physiological, qualitative, and
quantitative data.

Research designs and
methodological frameworks
represented in the included
studies, including cross-sectional,
longitudinal, controlled,
experimental, qualitative, mixed-
methods, case, validation, and
review designs, as well as
conceptual frameworks.
Intervention, training,
rehabilitation, or service-delivery
approaches examined in the
included studies.

Procedures used to collect or
document study data, including
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Table 4 (continued)

Category Detail Explanation

observation, video-based coding,
interviews, focus groups, surveys,
field notes, and outcome or
physiological assessments.
Digital systems, sensors, assistive
devices, and other technologies
used for data collection,
intervention, communication, or
mobility support.

D4: Technological
Platforms and Devices

Table 5
Tag cleaning rules for keyword standardization.

Cleaning principle Original tag examples Standardized tag examples

child, children,

Merge age and children, preschool_children,

participant preschool child, toddlers, parents, caregivers
descriptors toddlers, parents,
caregivers
Standardize handicapped child, physical_disability, cerebral palsy,
disability terms disabled child, motor_impairment
physical disabilities,

CP, motor dysfunction

Standardize home environment, home_environment,
environmental family environment, daycare_environment,
settings daycare, school, school_context, institutional_care
institutional care
Standardize emotion, emotional emotion_regulation,
perceptual, regulation, affect, affective_response, attention,
affective, and attention, inhibitory inhibitory_control,
regulatory control, sensory sensory_processing,
constructs processing, physiological_regulation
physiological
regulation
Standardize parent child relation, parent_child_interaction, peer_play,
interaction and peer group, communication,
participation communication, social social_participation
terms participation
Standardize locomotion, physical motor_exploration,

exploratory and activity, powered physical_activity,

motor activity mobility, powered_mobility,
terms environmental environmental engagement
exploration

Standardize
assessment tools

questionnaire, survey,
checklist, CBCL,
GMFCS, PEDI-CAT

questionnaire, behavior_checklist,
motor_function_scale, PEDI_CAT

Standardize cross-sectional study, cross_sectional,
research RCT, interview, focus randomized_controlled_trial,
methods group, observation interview, focus_group, observation
Standardize wearable sensor, eye- wearable_sensor,
technology gaze technology, EEG,  eye_gaze_assistive_technology, EEG,
terms augmented reality augmented_reality

classified as cross-cutting outcomes (B4). Some standardized terms
could occur in more than one analytical category. For example,
parenting appeared in B2 and D2 when it described relational processes
and intervention modalities, respectively. The distribution of standard-
ized keywords across categories is summarized in Table 7.

In VOSviewer, this study used standardized keywords to construct a
co-occurrence network. As shown in Fig. 3, the co-occurrence analysis
included only keywords that appeared in at least 5 studies. The final
network contained 74 nodes, 1145 links, and 5 clusters, with a total link
strength of 2511. The keyword network showed that PMIOD related
studies mainly revolved around themes such as children with disabil-
ities, cerebral palsy, physical activity, participation, caregivers, parents,
quality of life, communication, rehabilitation, and family support.

From the perspective of cluster structure, clear intersections were
observed across different clusters. The red cluster was mainly associated
with keywords such as children with disabilities, physical activity, play,
wheelchair use, motor function, and participation. This cluster reflected
research related to mobility ability, physical activity, and participation
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Table 6

Evidence synthesis summary aligned with research questions.
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Q N Main samples and Main methods and Key patterns
settings tools
1 61/  PMIOD childrenand  Observation, video Reduced exploration
28 related proxy or coding, parent report,  opportunities; path
service perspectives;  participation movement
home, school, measures, mobility difficulties; obstacle
rehabilitation, play, assessment avoidance problems;
and community limited play
settings participation; lower
action autonomy
2 45/ PMIOD children, Proxy report, Anxiety, frustration,
56 caregivers, and interview, emotional insecurity,
family support and behavioral scales,  withdrawal, pain or
contexts; home, HRQoL tools, fear related
clinical, school, and qualitative synthesis responses, positive
service settings emotional responses;
links with physical
limitations,
caregiver support,
accessibility,
autonomy, and
participation quality
3 24/ PMIOD children, Questionnaires, Frequent use of
21 caregivers, interviews, proxy reports and
therapists, behavioral coding, questionnaires;
educators, and functional scales, situated behavioral
measurement participation evidence from
related studies measures, audio observation and
recording, EEG, video coding;
wearable sensors supplementary use of
technology assisted
methods
4 25/  PMIOD and broader  Environmental Accessibility, path
11 disability related participation continuity, assistive
contexts; home, measures, qualitative device fit, and
daycare, school, interviews, mobility constraints
community, intervention were more
rehabilitation, and observation, sensory frequently
design settings environment addressed, while

direct evidence on
materials, color,
lighting, tactile
stimulation, spatial
scale, and real home
spatial design
remained limited

assessment, design
related evidence

Note: Domains were not mutually exclusive. One study could contribute to more
than one research question. N: Core/Contextual.

behavior. The green cluster mainly revolved around cerebral palsy,
physical disability, quality of life, functional ability, mobility limitation,
and caregivers. This cluster reflected the relationships among PMIOD
related diagnoses, functional status, and quality of life. The blue cluster
involved more terms related to anxiety, depression, psychological
adaptation, emotion, parenting stress, and parent child interaction. This
cluster reflected research on emotional and psychosocial outcomes. The
yellow cluster mainly included parents, family centered services, pro-
fessionals, service delivery, and satisfaction. This cluster indicated that
family support and professional service relationships occupied an
important position in the relevant studies. The purple cluster was
smaller and mainly connected communication, language, professional
relationships, and some measurement or support related terms. This
cluster reflected evidence related to communication support and service
interaction.

Overall, the core evidence in PMIOD child research was concentrated
on the intersecting relationships among mobility function, physical ac-
tivity, participation, quality of life, family caregiving, and emotional and
psychosocial outcomes. At the same time, keywords directly related to
real home spaces, spatial design, sensory environments, and the fit be-
tween assistive devices and spaces were less prominent. This pattern
suggests that environment and design related evidence remains

Table 7
Standardized keyword classification and frequency statistics.

Detail ~ Standardized Keywords N

Al children, preschool _children, infants, toddlers, young children, 89/
children_and_youth, parents, mothers, caregivers, teachers, 86
therapists

A2 physical_disability, cerebral_palsy, developmental disability, 89/
developmental_delay, motor_impairment, mobility limitation, 84
wheelchair_use, severe_physical_disability, acquired_brain_injury,
spinal_muscular_atrophy, neuromotor_delay,
musculoskeletal_disorders, VACTERL_association

A3 home_environment, family_environment, daycare_environment, 80/
preschool_environment, school_context, rehabilitation_setting, 80
clinical_setting, institutional_care, inclusive_preschool,
physical environment, acoustic_environment, social_context,
cultural_context

B1 sensory_processing, auditory_perception, visual_perception, 53/
attention, cognitive_response, inhibitory_control, effortful_control, 51
affective_response, emotional_response, emotion_regulation,
emotion_dysregulation, self regulation, physiological regulation

B2 parent_child_interaction, parenting, parenting_practices, 57/
caregiver_child_interaction, parent_therapist_interaction, 59
peer_play, communication, joint_attention, social_interaction,
social_engagement, social_participation, dyadic_interaction

B3 motor_exploration, environmental_engagement, 74/
environmental exploration, object_play, pretend_play, 56
play_behavior, physical activity, self_initiated_mobility,
powered_mobility, stair_climbing, wheelchair_skills

B4 behavior, problem_behavior, behavioral problems, 34/
disruptive_behavior, adaptive_behavior, developmental behavior, 47
functional abilities, developmental_outcomes, participation,
quality_of life, health_related_quality_of life,
socioemotional_development, school_readiness, mental_health

Cl questionnaire, survey, online_survey, parent _report, 31/
caregiver_report, satisfaction_measure, parent_perspective 33

Cc2 behavior_checklist, checklist, adjustment _scale, 9/4
developmental behaviour_checklist

c3 parenting_scale, parenting stress_index, parental stress, 13/
family_adjustment, family_centered_care, caregiver_sensitivity, 26
maternal_sensitivity, family_emotional_climate, parental_appraisal

C4 motor_function_scale, cognitive_scale, cognitive_assessment, 44/
developmental_scale, self regulation_index, 32
physical_function_assessment, GMFCS, GMFM, PEDI_CAT

C5 scoring_system, rating scale, observational_coding, 17/9
behavioral_coding, physiological _scoring, qualitative_coding,
thematic_analysis, framework_analysis,
structural_equation_modeling, path_model, multilevel modeling

D1 cross_sectional, longitudinal study, follow_up, controlled_study, 55/
randomized_controlled_trial, quasi_experimental_study, 48
qualitative_study, mixed_methods, case_study, validation_study,
systematic_review, scoping_review, conceptual_framework

D2 parent_training, parenting_intervention, early_intervention, 32/
collaborative_intervention, powered_mobility_intervention, 13
modified_ride_on_car, treadmill_intervention, music_intervention,
piano_therapy, snoezelen_intervention, home_exercise_program,
telehealth, online_intervention

D3 observation, video_coding, interview, focus_group, survey, 59/
outcome_assessment, physiological assessment, 46
qualitative_interview, parent_interview, field_notes

D4 online_system, e_health_platform, teleconsultation, 20/7

wearable_sensor, inertial_sensor, eye_gaze_assistive_technology,
assistive_technology, powered_mobility_device, EEG,
augmented_reality, interactive_technology

Note: Al: Sample Characteristics; A2: Disability Types; A3: Environmental
Setting. B1: Perceptual, Affective, and Regulatory Responses; B2: Interactive and
Relational Processes; B3: Exploratory and Mobility Behaviors; B4: Cross-Cutting
Outcomes. C1: Questionnaires and Report-Based Instruments; C2: Behavioral
Checklists and Adjustment Scales; C3: Parenting and Family Measures; C4:
Functional and Developmental Assessments; C5: Scoring, Coding, and Analytic
Tools. D1: Study Designs and Frameworks; D2: Intervention Modalities; D3: Data
Collection Methods; D4: Technological Platforms and Devices. Counts are re-
ported as Core/Contextual. Core studies provide direct PMIOD evidence,
whereas Contextual studies provide PMIOD-related contextual evidence,
broader disability evidence, measurement background, design and environ-
mental background. Categories were not mutually exclusive.
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Fig. 3. Co-occurrence network of standardized keywords in the reviewed studies (n > 5)

Note: The network was generated from standardized data charting keywords extracted from the 176 included studies, including both core and contextual studies.
Keywords were coded and standardized according to the A1-D4 data charting framework and the keyword cleaning rules described in Tables 4-7. Synonymous or
variant terms were normalized using a thesaurus; for example, “emotion regulation” and “emotional regulation” were merged into emotion_regulation, and metadata
terms unrelated to the review focus were excluded. The minimum occurrence threshold was set to five, resulting in 74 keywords, 1145 links, and five clusters. Node
size represents keyword frequency, line thickness represents co-occurrence strength, and cluster colors indicate groups of frequently co-occurring keywords
generated by VOSviewer. This map represents standardized data charting keywords rather than original author keywords. (For interpretation of the references to

color in this figure legend, the reader is referred to the Web version of this article.)

relatively dispersed and marginal in the current literature.

Based on the keyword structure and the co-occurrence network, this
review summarizes the included evidence from the following four as-
pects: 1) behavioral and emotional patterns of PMIOD children in
environmental contexts; 2) assessment tools, observation protocols, and
measurement methods used in existing studies; 3) spatial barriers, sen-
sory triggers, and design related evidence in real home and everyday
environments; and 4) secondary developmental risks and methodolog-
ical challenges in early intervention.

3.2. Behavioral and emotional patterns in environmental contexts

The included studies showed that the behavioral and emotional
patterns of PMIOD children in everyday environments were mainly
associated with physical motor function, assistive device use, family
caregiving relationships, activity opportunities, and environmental
support (Albrecht & Khetani, 2017; Barchus et al., 2023; Bloemen et al.,
2015; Hansen et al., 2025). The current evidence can be synthesized into
four main aspects: environmental exploration, mobility, and navigation;
play participation, dependence, and autonomy; emotional expression,
anxiety, comfort, and security; and secondary developmental risks and
intervention challenges.

3.2.1. Environmental exploration, mobility, and navigation

In terms of spatial exploration and mobility, PMIOD children usually
face more restrictions than their peers. These restrictions are jointly
shaped by children's functional levels, access to assistive devices, the
accessibility of the physical environment, and forms of caregiver sup-
port. The included studies mainly addressed this issue from three as-
pects: restricted exploration opportunities, support from assistive
mobility devices, and navigation and environmental accessibility.

First, because of physical disabilities or mobility limitations, children
who cannot move independently are restricted in both the quantity and
quality of their contact with the environment. These restrictions may

further affect children's environmental exploration, interaction oppor-
tunities, and learning experiences (Barchus et al., 2023; Gijbels et al.,
2026; Valentin-Gudiol et al., 2017), and may also alter their spatial
behavior patterns (Logan et al., 2017; Ross et al., 2018; Wilson et al.,
2016). Valentin-Gudiol et al. (2017) reported that delayed motor
development can limit children's exploration of the environment and
may hinder their cognitive and socioemotional development. As a result,
PMIOD children often have fewer opportunities for autonomous
mobility and communication (Barchus et al., 2023; Gijbels et al., 2026),
and they may also have fewer opportunities to acquire exploratory
experience in space (Gijbels et al., 2026; Valentin-Gudiol et al., 2017).
When children remain for long periods within small or fixed activity
areas, their opportunities to understand spatial entry, exit, directional
change, and environmental stimuli may also decrease (Lin & Chang,
2015; Valentin-Gudiol et al., 2017). This may be reflected in reduced
active approach behaviors toward the environment, increased depen-
dence on adult support, and relatively delayed spatial cognitive devel-
opment (Logan et al., 2017). As children grow older, activity
opportunities for children with CP at GMFCS levels III-V in home or
community environments may become further restricted (Orlando et al.,
2025). Studies on physical activity also show that mobility status,
physical function, device availability, and local facility conditions can
affect the activity participation levels of children with physical disabil-
ities (Bloemen et al., 2015; Wilson et al., 2016). Long term trajectory
research further suggests that ability for mobility follows different
developmental pathways according to age and functional level. There-
fore, the mobility ability of PMIOD children should not be understood as
a fixed or unchanged state (Smits et al., 2019). Overall, restricted spatial
exploration in PMIOD children is reflected not only in reduced move-
ment distance but also in fewer opportunities for active approach, active
choice, and active participation.

Second, assistive mobility devices and related technologies have
potential to support the environmental participation of PMIOD children
and may expand their opportunities for environmental exploration
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(Carmo Rodrigues Almeida et al., 2021). Studies on modified ride on
cars, Explorer Mini, powered mobility devices, and wheelchair training
suggest that when PMIOD children obtain operable mobility tools, their
autonomous mobility, play participation, and peer interaction may
change (Sloane et al., 2024). ROC training has also been associated with
changes in children's mastery motivation and parental stress (Barchus
et al., 2023; Gijbels et al., 2026; Huang et al., 2022; Logan et al.,
2017; Plummer et al., 2021; Ross et al., 2018). In an observation of
toddlers with mobility limitations using Explorer Mini for the first time,
Plummer et al. (2021) found that most children were able to move the
device and attempted to explore the environment. Beyond mobility as-
sistive devices, some robotic or interactive technologies have also been
used in rehabilitation and special education settings. However, this ev-
idence mainly reflects the feasibility of technology assisted interaction
rather than directly verifying spatial navigation ability (Van Den Heuvel
et al., 2017). These technologies may enhance PMIOD children's will-
ingness to interact with physical environments, support autonomous
action and exploratory behavior, and promote environmental partici-
pation and social exploration (Barchus et al., 2023; Logan et al., 2017).
In recreational areas and classrooms, powered mobility devices have
also been reported to improve children's environmental participation
and social exploration and to help them overcome some exploration
difficulties (Ross et al., 2018). Although early intervention may improve
autonomous mobility, sense of control, and exploration opportunities in
PMIOD children (Barchus et al., 2023), children's opportunities for
exploration and mobility continue to depend substantially on adult su-
pervision, device fit, and environmental conditions (Logan et al., 2017).

In addition, assistive mobility devices can expand the range of
exploration, but these devices do not automatically solve navigation,
obstacle avoidance, or environmental access problems. Even when
PMIOD children have access to assistive mobility devices, they may still
face practical difficulties in navigating community environments,
managing obstacles, and receiving relevant skills training (Gijbels et al.,
2026; Ouellet et al., 2022, 2024). In addition to spatial exploration itself,
some studies have examined children's turning, path judgment, and
obstacle handling abilities. Ouellet et al. (2022) reported that many
child wheelchair users with CP had not yet mastered basic manual
wheelchair skills. Existing powered mobility studies have also been
conducted mainly in laboratories, playgroups, or training contexts, and
direct measurement of path judgment, obstacle avoidance, and spatial
navigation in real home spaces remains limited (Gijbels et al., 2026).
Therefore, when PMIOD children use modified mobility devices, addi-
tional steering assistance, obstacle avoidance support, and caregiver
supervision are often still needed to ensure the safety and effectiveness
of mobility (Aldrich, Kenyon, et al., 2025; Ross et al., 2018; Sloane et al.,
2024). At the same time, caregivers' understanding of children's mobility
ability and device use can also affect how children obtain assistive
mobility experiences and learn to use mobility devices (Aldrich,
Vanderest, et al., 2025).

It should also be noted that although assistive mobility devices can
expand exploration opportunities to some extent, their actual effects are
influenced by environmental accessibility (Alemdaroglu-Giirbiiz &
Karakus, 2019; Barchus et al., 2023; Gijbels et al., 2026; Logan et al.,
2017; Ross et al., 2018). Powered mobility and other assistive devices
can increase the active exploration space of children with mobility im-
pairments, but the devices themselves cannot remove all environmental
barriers. Device fit, training quality, and environmental adaptation are
key factors affecting children's independent mobility (Kennedy et al.,
2020; Ouellet et al., 2024). Passage width, path continuity, turning
conditions, and safety support can all influence assistive device use.
Young children with physical disabilities in daycare environments may
also require additional physical support, adult assistance, and environ-
mental adaptation in order to participate more fully in activities (Bossi
et al., 2021). In addition, findings from studies on typically devel-
oping preschool children regarding space and furnishings and children's
physical fitness may provide contextual evidence for understanding how
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physical environments affect children's activity participation (Liao et al.,
2025). For PMIOD children, inaccessible environments may therefore
become additional barriers to participation (Barchus et al., 2023).

Furthermore, children's exploratory behavior should not be under-
stood as an isolated motor outcome. Children's functional limitations do
not directly determine participation. Instead, functional limitations may
affect children's home participation indirectly through caregivers' per-
ceptions of environmental support (Albrecht & Khetani, 2017). Some
studies suggest that daycare, family, and preschool environmental sup-
port can influence whether children gain opportunities for exploration
(Bossi et al., 2021; Kang et al., 2017). Participation opportunities and
participation quality should also be distinguished. The mobility ability
of children with physical disabilities is associated to some extent with
active physical leisure participation, but children's sense of agency,
interaction quality, and autonomy during activities are also important
(Barchus et al., 2023). Therefore, the spatial exploration of PMIOD
children cannot be judged only by whether children move, whether
children participate, or how many activities children participate in.
Because disability types, mobility abilities, and support needs differ
substantially, some children may show levels of participation diversity
similar to those of other children, but they may still experience limita-
tions in social competence, interaction quality, and autonomous explo-
ration (Phillips & Hogan, 2015).

3.2.2. Play, participation, dependence, and autonomy

The play related behavioral patterns of PMIOD children were mainly
reflected in play opportunities, peer interaction, forms of activity
participation, and differences in autonomy. In play contexts, PMIOD
children may have fewer opportunities for peer interaction, a higher
proportion of solitary play, and insufficient diversity in play behaviors
(Logan et al., 2015; Ross et al., 2018). Because PMIOD children may
need to expend more energy and receive more assistance during activ-
ities, their activity speed is also lower than that of typically developing
children (Logan et al., 2015, 2017). In some studies and specific play
contexts, modified ride on cars were observed to reduce solitary play
and increase parallel play or peer interaction (Logan et al., 2017; Ross
et al., 2018). In addition, PMIOD children may participate in a similar
number of activities as their peers, but their social competence may still
be lower (Phillips & Hogan, 2015). This suggests that the number of
activities does not necessarily represent the quality of participation.
Whether PMIOD children can develop stable peer interaction, active
choice, and social participation in activities still needs to be understood
in relation to specific play contexts and support conditions. From edu-
cators’ perspectives, PMIOD children require additional physical sup-
port, adult assistance, and environmental adaptation to participate in
play and activities in daycare environments (Bossi et al., 2021; Nijs
et al., 2016).

From the perspective of everyday activities and environmental
participation, the participation of PMIOD children is influenced by
multiple factors, including mobility ability, environmental support,
transportation conditions, adult assistance, and accessible environments
(Albrecht & Khetani, 2017; Kang et al., 2017; Ouellet et al., 2024;
Ssemata et al., 2025; Van Keer et al., 2019). Lindsay (2016) reported
that the participation of children with cerebral palsy in school, com-
munity, and recreational activities is affected by transportation, acces-
sibility, safety, weather, and physical environmental conditions. Studies
on modified ROC use and wheelchair use also indicate that being able to
go where children want to go and being able to participate in everyday
life are important components of quality of life (Bray et al., 2017).
Beyond children's own disability related limitations, caregivers' per-
ceptions of environmental support can indirectly affect children's
participation in home activities (Albrecht & Khetani, 2017). Family
centered service models are associated with the participation experi-
ences and family empowerment of children with physical disabilities.
The lack of play and activity participation is evident not only in school
and rehabilitation environments but also in everyday family activities
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(Van Keer et al., 2019). Therefore, even when PMIOD children partici-
pate in a similar number of activities, their social and emotional
developmental outcomes may still differ from those of their peers
(Phillips & Hogan, 2015).

Dependence and autonomy are also important factors for under-
standing how PMIOD children integrate into social interaction and how
their development is affected (Lillo-Navarro et al., 2015; Sloane et al.,
2024). PMIOD children often require more adult support and environ-
mental assistance when entering spaces, transitioning between activ-
ities, approaching toys, or approaching peers (Steinhart et al., 2018).
This dependence is not determined only by children's physical function.
It is also related to spatial accessibility, assistive device fit, and adult
caregiving arrangements (Aldrich, Vanderest, et al., 2025; Sloane et al.,
2024; Steinhart et al., 2018). In intervention contexts, inclusive play
opportunities and social groups can increase play opportunities for
PMIOD children and reduce participation gaps (Ross et al., 2018).
However, some studies also indicate that children's overall play behav-
iors and participation patterns may not change significantly after
intervention. Assistive or technology supported approaches, such as
ROC, the ZORA robot, and early powered mobility experiences, may
provide PMIOD children with more ways and opportunities for auton-
omous mobility, thereby reducing assisted dependence and promoting
spatial exploration and social autonomy (Barchus et al., 2023; Feldner,
2019; Van Den Heuvel et al., 2017). Interview studies with wheelchair
using children and families also show that deciding where to go, how to
move, and whether to participate in everyday life are important com-
ponents of quality of life and autonomy experience (Bray et al., 2017).
Caregivers also reported that PMIOD children rarely have opportunities
to move independently away from adults, meaning that their entry into
and exit from spaces are usually decided by adults (Barchus et al., 202.3;
Bossi et al., 2021), Zschorn and Shute (2016) also showed that parents
frequently mentioned family adaptation, caregiving burden, and
continuous involvement in children's everyday activity arrangements
when explaining children's physical disability experiences.

In terms of autonomy, powered mobility devices, modified ride on
cars, Explorer Mini, and wheelchair skills training more directly support
the possibility that children may shift from passive dependence to active
mobility and active exploration (Barchus et al., 2023; Gijbels et al.,
2026; Ouellet et al., 2022; Plummer et al., 2021; Sloane et al., 2024).
Plummer et al. (2021) showed that most toddlers with mobility limita-
tions were able to drive Explorer Mini independently to explore the
environment and showed active approach behaviors toward people and
objects. When children used modified ride on cars, they could decide
where to go, when to start, and when to stop. When controlling the
device, children therefore showed stronger positive emotional re-
sponses, such as excitement, concentration, and joyful expression
(Barchus et al., 2023; Plummer et al., 2021). However, the develop-
mental pathway from dependence to autonomy is influenced by multiple
factors (Kao et al., 2020). Powered mobility intervention may enhance
the sense of agency of toddlers with motor disabilities and support their
shift from being moved by adults to actively choosing and controlling
their direction of movement (Gijbels et al., 2026). Ouellet et al. (2022)
also reported that after community wheelchair skills training, children
with cerebral palsy and spina bifida improved their wheelchair skills,
confidence, and participation satisfaction. Kenyon et al. (2017) further
showed that home based BWSTT training is feasible and may improve
functional mobility in PMIOD children through home based interven-
tion, thereby supporting their participation in home and community
environments. Short term intensive neurodevelopmental treatment can
improve participation and functional performance in PMIOD children,
but the long term maintenance of these effects requires continuous
environmental and strategic support (Evans-Rogers et al., 2015). Family
centered services therefore emphasize parental participation in decision
making, respect for family goals, and support for children's participation
in everyday life (Almasri et al., 2018). Taken together, the play and
participation issues of PMIOD children should not be understood only as
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insufficient activity quantity. These issues also require attention to
autonomous choice, peer interaction quality, forms of adult support, and
changes in agency brought by assistive devices.

3.2.3. Emotional expression, comfort, anxiety, and security

PMIOD children may experience more difficulties in emotion regu-
lation, behavior, and socioemotional development, often manifested as
anxiety, withdrawal, increased emotional reactivity, and insufficient
socioemotional development (Balaji et al., 2026; Hansen et al., 2025).
Belmonte-Darraz et al. (2021) reported that children with CP made more
errors in emotion knowledge tasks, and that emotion knowledge was
positively associated with emotion regulation ability and negatively
associated with behavioral problems. This finding suggests that deficits
in emotion cognition may be a preceding factor in emotion regulation
difficulties and behavioral problems. Studies on children with dyskinetic
cerebral palsy also suggest that anxiety, social relationship problems,
sleep problems, and other behavioral manifestations may be related to
developmental status and quality of life (Saini et al., 2025). Children
with spinal muscular atrophy may also face behavioral and emotional
challenges, which indicates that the emotional health of children with
physical disabilities requires attention (Balaji et al., 2026). However,
existing studies are mostly cross sectional and parent reported, and they
often focus on negative emotional expression, peer relationships, and
exploratory behaviors. Therefore, in addition to physical and mobility
impairments, the socioemotional development of PMIOD children
should also receive attention (Hansen et al., 2025). At the same time, the
development of children's emotion regulation is influenced by family
parenting, parent-child relationships, and caregivers' psychological
status. Studies on parent child interaction in children with CP show that
maternal depression, anxiety, or stress is associated with reduced
emotional availability in parent child interaction (Barfoot et al., 2017).
Emotional distress in mothers or caregivers may also affect their
observation and reporting of children's emotional and behavioral
problems (Silberg et al., 2016). Caregiving specific worry, affiliate
stigma, and perceived social support among caregivers of PMIOD chil-
dren are also associated with family caregiving factors such as care-
givers' psychological distress (Ma & Mak, 2016).

More specifically, anxiety, distress, and insecurity in PMIOD children
are often related to pain, fatigue, mobility difficulties, environmental
inaccessibility, and social exclusion, rather than being purely individual
psychological problems. For example, children and young people with
cerebral palsy often report pain, fatigue, bodily unpredictability,
transportation limitations, insufficient accessibility, and safety issues,
all of which can affect their everyday participation experiences
(Lindsay, 2016). Pain, low self-esteem, and lower functional ability may
also be associated with emotional problems in children with cerebral
palsy (Belmonte-Darraz et al., 2021). When children cannot freely enter
the spaces they want to access, or when they are blocked by the absence
of ramps, elevators, or other facilities, they may experience frustration
and a sense of exclusion (Bray et al., 2017). Pain and fear should also be
assessed separately when researchers examine the emotional experi-
ences of children with CP (Smith et al., 2025). In addition, the home
participation of PMIOD children is related not only to children's own
abilities but also to caregivers' perceptions of environmental support-
iveness (Albrecht & Khetani, 2017). Social exclusion and stigma may
further intensify negative emotional experiences among children and
caregivers (Lindsay, 2016).

At the same time, children's emotional experiences in the environ-
ment are closely related to autonomous mobility, participation quality,
and communicative agency. Bray et al. (2017) reported that when
wheelchair using children are pushed by adults rather than moving
autonomously, the children may feel a lack of autonomy and a sense of
exclusion. Restricted participation is not only reflected in participating
in fewer activities. It may also be reflected in insufficient interaction
quality, peer relationships, or social inclusion, thereby affecting socio-
emotional experiences (Phillips & Hogan, 2015). In contrast, assistive
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mobility devices may provide children with more autonomous mobility
and a stronger sense of control. Before using ROC, children had few
opportunities to move independently or move away from adults,
whereas after using ROC, children gained more freedom and a stronger
sense of control (Barchus et al., 2023). Plummer et al. (2021) observed
toddlers driving powered mobility devices for the first time and found
that children displayed positive emotional responses such as smiles,
laughter, and excitement when they could control the device, but
showed frustration and crying when the device did not respond. After
powered mobility intervention, children also showed a stronger sense of
agency and more goal directed mobility (Gijbels et al., 2026). In play
environments, modified ride on cars were observed to change children's
participation modes and peer interaction (Ross et al., 2018). In gym-
nasiums and playgrounds, assistive devices also changed the proportions
of interaction between children with physical disabilities and peers or
teachers (Logan et al., 2017). At the communication level, when chil-
dren with complex needs used eye gaze technology, their interaction
patterns with communication partners changed. Children's active
expression increased, while communication partners' dominant ques-
tioning decreased (Hsieh et al., 2021).

Comfort and security in space also have important effects on chil-
dren's emotional experiences. For example, Snoezelen multisensory
environments provide children with controllable and comfortable ex-
periences through visual, auditory, tactile, and relaxing stimuli,
including fiber optic lights, bubble tubes, music, tactile panels, massage
mats, waterbeds, beanbag chairs, and sensory swings. This intervention
can reduce problem behaviors in children with cerebral palsy (M. Kim
et al., 2025). However, improvement in emotional reactivity was
negatively associated with the severity of motor impairment. In that
study, children with higher GMFCS levels benefited less. Therefore, the
actual effect of this type of sensory environmental support on children
with severe mobility impairments remains limited. In addition, PMIOD
children's own activity ability and participation level are also important
factors that promote comfort (Ouellet et al., 2022). In music therapy,
neurophysiological synchrony was observed between children with se-
vere physical disabilities and their parents, suggesting that supportive
interactive environments may promote emotional connection
(Samadani et al., 2021). Correspondingly, a synthesis of experiences of
children and young people with cerebral palsy showed that the social
support system formed by families and peers, together with the sense of
belonging it brings, is an important factor in relieving emotional stress
(Lindsay, 2016).

3.2.4. Secondary developmental risks and intervention challenges

Limited mobility opportunities during the preschool stage may
expose PMIOD children to secondary developmental risks (Hsieh et al.,
2021; Valentin-Gudiol et al., 2017; Wilson et al., 2016). These chal-
lenges are reflected not only in limited intervention effects, but also in
device fit, caregiver preferences, family implementation burden, and
insufficient training resources (Aldrich, Vanderest, et al., 2025; Carmo
Rodrigues Almeida et al., 2021; Lillo-Navarro et al., 2015; Sloane
et al., 2024). Children with mobility limitations are less likely to meet
daily physical activity guidelines and may have longer sedentary time
and a higher risk of being overweight (Wilson et al., 2016). For children
with cerebral palsy who have not yet walked independently, studies
have also begun to use wearable sensors to objectively distinguish active
movement from sedentary time (Orlando et al., 2025). Existing evidence
suggests that restricted mobility and limited spatial exploration may be
associated with passive participation, reduced self-efficacy, and socio-
emotional risks in PMIOD children (Barchus et al., 2023).

At the same time, motor developmental delay itself can restrict
children's exploration of the environment and may further hinder
cognitive and socioemotional development (Valentin-Gudiol et al.,
2017). In boys with Duchenne muscular dystrophy, motor, cognitive,
language, behavioral, and socioemotional problems often co-occur and
interact with one another (Hoskens et al., 2024). Studies on early
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intervention and family or professional support suggest that interven-
tion effects depend not only on children's functional status but also on
family implementation, the quality of professional interaction, and
continuous support (Evans-Rogers et al., 2015; Morera-Balaguer et al.,
2023). These risks may be further amplified when external activities
and rehabilitation support are interrupted. For example, during
COVID-19 lockdowns, the emotions, behavior, and rehabilitation con-
tinuity of children with physical disabilities were clearly affected
(Cacioppo et al., 2021). Studies of children with SMA also show that
some children experience behavioral and emotional difficulties, which
create continuous burdens for families (Balaji et al., 2026).

In addition, mobility limitations may delay children's transition from
caregiving dependence to autonomy (Kao et al., 2020). Although assis-
tive tools and interventions such as modified ride on cars may help
improve PMIOD children's perceptual abilities and social interaction
participation, young children still lack highly adapted devices and
supportive environments (Logan et al., 2017). Current studies also show
that interventions still have limited effects on improving overall gross
motor function and helping PMIOD children acquire walking and
standing related skills (Valentin-Gudiol et al., 2017). The transfer of
responsibility for everyday tasks from parents to children themselves
may also be more complex among children with disabilities (Steinhart
et al., 2018). Longitudinal caregiving studies further suggest that the
convenience of physical caregiving in families of children with CP fol-
lows different trajectories according to GMFCS level, and families of
children with severe disabilities may require more continuous physical
support and caregiving adaptation (Alghamdi et al., 2020). Studies on
assistive tools such as ride on cars (ROC) and treadmill interventions
indicate that these interventions have potential benefits but also face
substantial challenges (Barchus et al., 2023; Ross et al., 2018). In rela-
tion to long term developmental outcomes, clinicians can use prediction
models to identify children at risk of reduced HRQOL and recommend
timely interventions to improve health related quality of life (HRQOL).
Some PMIOD children showed a trend of HRQOL improvement within
two years after intervention (Church et al., 2025). Although current
studies have not directly resolved secondary developmental risks, they
highlight the importance of improving mobility and social interaction
participation in PMIOD children in order to prevent and reduce sec-
ondary problems related to physical mobility limitations.

3.3. Assessment tools, observation protocols, and measurement
approaches

The included studies showed that most current research uses proxy
reports, questionnaires, interviews, behavioral coding, standardized
functional scales, and technology assisted measurement to assess
behavioral and emotional responses in PMIOD children. These methods
remain relatively dispersed. An integrated measurement system that can
simultaneously connect functional ability, behavioral performance,
emotional state, and specific spatial environments has not yet been
established. Most tools can describe children's functional ability,
participation, or emotional behavior, but few tools can link PMIOD
children's behaviors to specific spatial locations or environmental
characteristics.

3.3.1. Subjective and proxy reported measures

PMIOD children, especially younger children or children with
communication limitations, often rely on parents, caregivers, teachers,
therapists, or other professionals as proxy reporters in studies (Hansen
et al., 2025). These methods are mainly used to assess children's func-
tional mobility and everyday activities, health related quality of life,
emotion regulation and behavioral problems, participation and envi-
ronmental support, physical pain and fear, and caregiver burden and
family adaptation. Children's home participation and environmental
support are also often assessed through caregiver questionnaires. For
example, YC-PEM can be used to assess children's participation in home
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environments and perceived environmental support, while PEDI-CAT
can be used to assess functional performance (Albrecht & Khetani,
2017). Studies on family centered services also collect caregivers' per-
ceptions of service processes, professional support, and family partici-
pation through parent questionnaires (Almasri et al., 2018; Molinaro
et al.,, 2017; Wang et al., 2015). Health related quality of life is often
assessed through caregiver or child reported tools. In addition to
PedsQL, CPCHILD has been used to assess health status and quality of
life in non-ambulatory children with CP, and validation studies have
been conducted in different language versions (Sung et al., 2015, 2020;
Zalmstra et al., 2015).

Subjective and proxy reports are also widely used to assess children's
emotional, behavioral, and psychological adaptation. CBCL 1.5-5 can be
used to measure emotional reactivity, anxiety, depression, somatic
complaints, withdrawal, and aggressive behaviors in children. K-PSI can
be used to assess parenting stress and child behavioral performance
through parent report. CBCL and YSR are validated questionnaires and
are commonly used subjective assessment tools in studies of children's
emotional and behavioral problems (M. Kim et al., 2025). ERC can assess
children's emotion regulation and emotional lability or negativity
through parent report, while EMT is an emotion knowledge task
completed by children and can complement parent reported tools
(Belmonte-Darraz et al., 2021). SDQ can be used to identify behavioral
and emotional difficulties in children with SMA, but its formal valida-
tion in the SMA population remains limited (Balaji et al., 2026). Tools
such as the Developmental Behaviour Checklist have also been used to
assess anxiety, social relationship problems, and behavioral manifesta-
tions in children with dyskinetic CP (Saini et al., 2025). Pain and fear
experiences in children and young people with CP also require under-
standable and operable specialized tools for assessment (Smith et al.,
2025). These tools can help researchers capture anxiety, withdrawal,
emotional reactivity, behavioral difficulties, and social relationship
problems in PMIOD children (Balaji et al., 2026; Belmonte-Darraz et al.,
2021; M. Kim et al., 2025; Saini et al., 2025; Silberg et al., 2016; Smith
et al, 2025, 2026). However, caregivers' psychological distress,
parenting stress, stigma, and perceived social support may affect their
reports of children's emotional and behavioral states (Barfoot et al.,
2017; Ma & Mak, 2016; Silberg et al., 2016).

In addition, the Activities Scale for Kids (ASK) is a child self-report
tool that allows children to report their everyday activity perfor-
mance, thereby supplementing the child perspective in assessments
mainly based on parental proxy reports (Fabbri et al., 2016). Compared
with parent and caregiver reports, child self-report tools are used rela-
tively less often in PMIOD studies. Lindsay (2016) pointed out that
related studies often focus on the perspectives of parents and healthcare
providers, while children's own views are easily overlooked. The
Wheelchair Outcome Measure Young People and the Wheelchair Use
Confidence Scale can be used to assess participation satisfaction and
confidence in wheelchair use, while the Wheelchair Skills Test focuses
more on wheelchair skill performance (Ouellet et al., 2022). APCP-C has
also been used to assess activity participation among preschool children
with physical disabilities, including play, physical activity, skill devel-
opment, and social activities (Kang et al., 2017).

Semi structured interviews are an important supplementary method
beyond standardized scales. They can present caregivers', children's,
parents, and educators' interpretations of autonomy, dependence,
comfort, security, participation, and environmental restrictions. Inter-
view methods are often used to capture children's subjective experiences
that are difficult to reveal through scales (Bray et al., 2017; Lindsay,
2016), such as children's experiences of lacking autonomy, being
pushed, being excluded, or depending on adult assistance during
mobility (Bray et al., 2017). Semi structured interviews with caregivers
can reveal children's feelings of freedom, control, and empowerment
after using ROC (Barchus et al., 2023). Interviews with children and
parents can present wheelchair users' understanding of quality of life,
independence, and environmental restrictions (Bray et al., 2017). Parent
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interviews can also be used to understand the quality of interaction
between families and professionals in early intervention
(Morera-Balaguer et al., 2023). In addition to caregivers and parents,
educator interviews can reveal the needs of children with physical dis-
abilities in daycare environments for physical support, adult assistance,
and activity participation (Bossi et al., 2021).

3.3.2. Observational and behavioral coding methods

In the included literature, studies on PMIOD children's perceptual
and behavioral patterns frequently used video observation, behavioral
coding, play coding, activity recording, and interaction coding to
analyze children's mobility, play, interaction, and emotional expression.
Most studies focused on what children did, how children moved, whom
children interacted with, and in which contexts children showed specific
behaviors. These observational methods usually recorded children's
mobility, play, social interaction, and emotional responses during spe-
cific activities through videos, field notes, or contextualized tasks. They
can therefore supplement immediate behavioral information that is
difficult to capture through questionnaires and proxy reports.

Video recording and behavioral coding were common observational
methods in studies of PMIOD children's behavior. Orlando et al. (2025)
used active time and sedentary time derived from video coding as
reference measures to validate the accuracy of wearable inertial sensors
in distinguishing active movement and sedentary time among pre
ambulatory children with CP. Video recording can document children's
detailed interactions with spaces, devices, peers, and adults over a
period of time, thereby helping researchers understand children's ac-
tivity states and environmental responses more comprehensively (Logan
et al., 2017). Logan et al. (Logan et al., 2017) compared play modes,
mobility performance, and interactions with peers and adults when
children with physical disabilities used forearm crutches or modified
ride on cars. Ross et al. (2018) used behavioral coding and Howes' Peer
Play Scale in inclusive playgroups to record children's play behaviors
and examine whether children with mobility impairments shifted from
solitary play to parallel play or peer interaction. Plummer et al. (2021)
used field observation to record children's mobility, exploration, and
emotional responses when they first used Explorer Mini. However, most
of these studies still focused on behavior types and interaction processes,
and they did not systematically record the specific spatial locations or
movement paths where behaviors occurred. In addition to general video
observation, some studies used standardized observation tools to assess
parent child interaction. For example, Barfoot et al. (2017) used EASE to
code emotional availability between children with CP and their mothers,
while Natrasony and Teitelbaum (2016) used NCATS to assess parent
child interaction and caregiver responsiveness in gross motor contexts.

Time sampling is also an important method for coding play and ac-
tivity behaviors in PMIOD children. Partial interval time sampling and
momentary time sampling can be used to record children's activity
states, play types, and interaction modes within specific time intervals
(Orlando et al., 2025). In play coding, Howes' Peer Play Scale has been
used as an important coding tool. Researchers used fixed observation
intervals to classify children's play states, record changes in play be-
haviors, and distinguish four types of play behavior (Ross et al., 2018).
The distinction between solitary play and parallel play involves the
physical distance between children and peers. Therefore, this coding
approach can indirectly reflect children's approach, isolation, and
interaction relationships during play. However, this approach is still
different from the systematic measurement of spatial coordinates, paths,
or environmental nodes (Logan et al., 2017; Ross et al., 2018). In this
sense, coding can record children's play types and indirectly reflect their
approach, isolation, and interaction relationships in space, while time
sampling allows researchers to systematically collect activity and
interaction information within a relatively short observation period.

Interaction coding can further capture PMIOD children's communi-
cation, parent child interaction, peer interaction, and emotional
connection. It is mainly used to analyze interaction structures, initiation
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behaviors, and response patterns between children and caregivers,
peers, teachers, or communication partners. Nijs et al. (2016) included
children's positioning and peer directed behaviors in observation coding
during group activities, suggesting that children's position can be
incorporated as part of behavioral coding. Mutually exclusive coding
protocols require researchers to record only one main behavior in each
observation interval (Logan et al., 2017). Comparing interactions be-
tween children with complex needs and communication partners with
and without eye gaze technology is an effective way to capture
communication participation supported by assistive technology (Hsieh
et al.,, 2021). Samadani et al. (2021) analyzed neurophysiological syn-
chrony between children with severe physical disabilities and their
parents during music therapy, showing that interaction observation and
physiological synchrony measurement can supplement traditional
behavioral coding. Gijbels et al. (2026) also recorded children's goal
directed mobility, delight vocalizations, displeasure vocalizations, and
changes in agency during powered mobility intervention. These findings
suggest that observation and coding can capture changes in children's
active exploration and emotional expression during mobility
intervention.

Some studies have also used mixed methods by combining behav-
ioral observation with interviews, scales, or standardized tests. Care-
giver interviews have been used to examine children's socioemotional
development, sense of freedom, and sense of control after using ride on
cars (Barchus et al., 2023). Standardized skill tests have also been used
to assess navigation and mobility skills. For example, wheelchair skills
training studies combined the Wheelchair Skills Test with measures of
participation satisfaction and use confidence to assess children's per-
formance in community mobility (Ouellet et al., 2022). In addition, M.
Kim et al. (2025) used behavioral problem scales to assess changes in
problem behaviors among children with cerebral palsy during a Snoe-
zelen multisensory environment intervention. This approach helped
record behavioral and emotional responses after environmental
changes.

Some studies have combined automated data collection tools with
traditional observation methods. For example, LENA audio recording
systems have been used to automatically quantify children's delight
vocalizations, displeasure vocalizations, and parent child conversational
turns (Gijbels et al., 2026). Wearable inertial sensors have been com-
bined with video behavioral coding to develop threshold based methods
for distinguishing active movement time and sedentary time in children
with CP (Orlando et al., 2025). Noldus Observer XT has been used for
millisecond level video coding, improving the temporal precision of
interaction observation (Hsieh et al., 2021). Samadani et al. (2021) used
neurophysiological synchrony indicators to analyze interactions be-
tween children with severe physical disabilities and their parents during
music therapy. In broader disability research, emotional scenario pro-
cessing assessment has been used to objectively analyze emotional
response patterns in children with attention deficit hyperactivity dis-
order. Tools such as the Developmental Behaviour Checklist Parent
version (DBC-P) and the Child Adjustment and Parent Efficacy Scale
Developmental Disability (CAPES-DD) have been used to measure
behavioral and emotional problems, including anxiety, self-absorbed
problems, and social disturbance (Saini et al., 2025). Overall, observa-
tional and behavioral coding methods can record children's mobility,
play, communication, and interaction processes in relatively fine detail.
However, existing studies still rarely record the specific spatial locations
where these behaviors occur.

3.3.3. Emerging multi-source data and technology assisted methods
Emerging multisource data and technology assisted methods mainly
include wearable sensors, inertial sensors, eye tracking or eye gaze as-
sistive technology, powered mobility device recording, automatic audio
recording, and limited physiological measurement. These technological
tools can record children's physical activity, communicative interaction,
mobility behavior, emotional vocalizations, and physiological
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responses, thereby supplementing traditional observation and subjec-
tive assessment methods.

Physiological indicators have been used in studies of children's
emotion regulation and stress responses, including EEG, heart rate
variability, and cortisol. However, these studies have mostly used typi-
cally developing children or broader developmental disability groups as
samples, and direct applications in PMIOD groups remain relatively
limited. In music therapy contexts, EEG has been used to analyze
neurophysiological synchrony between children with severe physical
disabilities and their parents, helping researchers understand emotional
connection and interaction between children and caregivers (Samadani
et al., 2021). In addition, AR interactive technology has been used in
exploratory studies of physical activity interventions for children with
developmental disabilities, but this evidence remains small sample
technology assisted background evidence (Lin & Chang, 2015).

In physical activity measurement, wearable sensors and inertial
sensors can supplement traditional observation methods by recording
PMIOD children's activity states and specific movement events. For
example, wearable sensors combined with video coding can distinguish
active movement time and sedentary time among children with cerebral
palsy who have not yet walked independently, thereby improving the
objectivity of activity measurement (Orlando et al., 2025). Foot moun-
ted inertial sensors can also automatically identify gait events during
children's stair climbing and can be combined with audio feedback to
support movement therapy for children with disabilities (Khan &
Biddiss, 2017). Sensor technology is often used to measure physical
activity levels, movement events, and therapy feedback. However, these
data mainly reflect activity time, activity intensity, or movement events.
They usually cannot directly indicate children's spatial locations or fully
explain the relationship between children's behaviors and specific
environmental conditions.

Powered mobility devices (PMD) provide important settings for
observing autonomous mobility, environmental exploration, and
emotional expression in PMIOD children. Studies have observed tod-
dlers with mobility limitations during initial driving, obstacle avoid-
ance, object approach, and emotional responses when using Explorer
Mini (Plummer et al., 2021). Explorer Mini powered mobility inter-
vention has also been combined with LENA audio recording and stan-
dardized developmental assessment to analyze changes in children's
agency, communication, and social emotional development (Gijbels
et al., 2026). In addition, studies of modified ride on cars have shown
that powered mobility devices can change children's exploration op-
portunities, play behaviors, peer interaction, and autonomy experiences
(Barchus et al., 2023; Logan et al., 2017; Ross et al., 2018). Therefore,
PMD can serve not only as an intervention tool in PMIOD child research
but also as a technological platform for observing autonomous explo-
ration, participation behaviors, and positive emotional expression. At
the same time, for children with severe motor impairments and complex
communication needs, eye gaze assistive technology (EGAT) provides
new possibilities for assessing communicative interaction. Comparisons
of children's interactions with communication partners with and
without EGAT show that eye gaze technology can increase children's
communication initiation and information expression while also
changing communication partners' interaction patterns (Hsieh et al.,
2021).

From the perspective of methodological development, some studies
have combined technological tools with observation, standardized
assessment, interviews, or manual coding (Hsieh et al., 2021). Wearable
sensors are often used in parallel with video behavioral coding to vali-
date children's activity states (Orlando et al., 2025). Powered mobility
research has begun to combine device based intervention, standardized
developmental assessment, automatic audio recording, and intervention
process observation (Gijbels et al., 2026). Caregiver interviews help
explain the subjective meanings behind changes in children's autonomy,
participation, and socioemotional development (Barchus et al., 2023).
In addition, broader disability research has used augmented reality,
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visual feedback, and auditory feedback to promote children's physical
activity participation (Lin & Chang, 2015). However, this evidence is
more often situated in developmental disability or special education
contexts, and it cannot be directly equated with evidence on spatial
behavior measurement in PMIOD children.

3.3.4. Summary of measurement instruments

Existing studies commonly used standardized scales, proxy reports,
behavioral observation, and technology assisted tools to assess func-
tional abilities, participation performance, emotional behaviors, and
social interaction in PMIOD children. These methods provide basic data
for understanding children's behavioral states, emotional expressions,
and subsequent intervention needs. The analysis of the literature data-
base showed that current measurement tools do not focus on only one
aspect. Instead, they cover multiple dimensions, including behavioral
performance and emotional responses. However, different tools vary in
their applicable age ranges, age appropriateness, and physical or
behavioral suitability.

Behavioral observation tools mainly cover observation, behavioral
coding, activity recording, functional performance, mobility skills, and
technology assisted activity measurement. These tools mainly describe
what children do, how children move, and how children interact.
Behavioral, motor, and participation measurement tools mainly include
HPPS (Howes' Peer Play Scale), PTS (Partial interval Time Sampling),
Noldus Observer XT 14.0, ALP (Assessment of Learning Powered
Mobility), Triaxial Accelerometer, Foot mounted IMU, GMFCS (Gross
Motor Function Classification System), GMFM (Gross Motor Function
Measure), WST/WST-Q (Wheelchair Skills Test), ASKp/ASK (Activities
Scale for Kids), PODCI (Pediatric Outcomes Data Collection Instrument),
APCP-C (Assessment of Preschool Children's Participation, Chinese
version), YC-PEM (Young Children's Participation and Environment
Measure), and PEDI/PEDI-CAT (Pediatric Evaluation of Disability In-
ventory/Pediatric Evaluation of Disability Inventory Computer Adap-
tive Test) (Albrecht & Khetani, 2017; Alemdaroglu-Giirbiiz & Karakus,
2019; Fabbri et al., 2016; Gijbels et al., 2026; Hsieh et al., 2021; Kang
et al., 2017; Khan & Biddiss, 2017; Logan et al., 2015, 2017; Orlando
et al., 2025; Ouellet et al., 2022; Ross et al., 2018; Valentin-Gudiol
et al., 2017). These tools are summarized in Table 8.

Among behavioral observation tools, the adapted Howes' Peer Play
Scale and Partial interval Time Sampling have been used for behavioral
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coding in free play or inclusive play contexts. They are often used to
record children's physical activity, play interaction, and object related
behaviors (Logan et al., 2017; Ross et al., 2018). GMFCS was used in
multiple studies as a standard tool for classifying motor function in
children with CP, and it was used for sample description, grouping, or
moderator analysis (Balaji et al., 2026; Belmonte-Darraz et al., 2021; M.
Kim et al., 2025; Orlando et al., 2025; Ouellet et al., 2022; Saini et al.,
2025). Noldus Observer XT 14.0 was used for bidirectional communi-
cation coding in children with severe motor and communication im-
pairments, and it can support behavioral coding, statistical analysis, and
visualization of interaction sequences (Hsieh et al., 2021). ALP,
researcher observation forms, and field notes have been used to record
powered mobility learning and initial device use experiences in younger
PMIOD children (Gijbels et al., 2026; Plummer et al., 2021). Wearable
sensors provide objective tools for measuring activity in PMIOD children
(Khan & Biddiss, 2017; Orlando et al., 2025). WST can assess both
wheelchair skills and obstacle handling ability (Ouellet et al., 2022).
ASKp can be used to assess children's everyday activity and participation
performance (Fabbri et al., 2016). PODCI can be used for assessments
related to function, pain, and quality of life (Alemdaroglu-Giirbiiz &
Karakus, 2019). APCP-C, YC-PEM, and PEDI/PEDI-CAT series tools
have been used to assess participation diversity, environmental support,
and functional ability in preschool and younger PMIOD children
(Albrecht & Khetani, 2017; Kang et al., 2017). In current studies,
behavioral observation systems generally do not have clearly defined
age restrictions, but they require trained observers, video coding ca-
pacity, and careful consideration of ecological validity in natural envi-
ronments (Hsieh et al., 2021; Logan et al., 2017; Plummer et al., 2021;
Ross et al., 2018). These tools can cover play behavior, physical activity,
mobility skills, functional performance, and participation. However,
most tools still mainly record behavioral states or functional perfor-
mance, and they provide limited information about the specific spatial
locations, movement paths, and environmental nodes where children's
behaviors occur.

The emotional, family, and caregiving environment measurement
tools mainly include CBCL (Child Behavior Checklist), SDQ (Strengths
and Difficulties Questionnaire), ERC (Emotion Regulation Checklist),
EMT (Emotion Matching Task), DBC (Developmental Behavior Check-
list), DP-3 (Developmental Profile-3), SBQ (Sleep Behaviour Question-
naire), PedsQL (Pediatric Quality of Life Inventory), CPCHILD/CP QOL

Summary of behavioral, motor, and participation measurement tools for PMIOD children.

Tool Type Target population Key features Application examples

HPPS Play coding Preschool children with mobility impairments  Solitary, parallel, peer and adult Inclusive playgroup coding
interaction

PTS Interval coding Children with and without disabilities Physical activity, play and object related ~ Free play/playgroup coding
behavior

Noldus Observer Video coding software Children with severe motor and

Interaction sequence coding, statistics EGAT interaction analysis

XT communication impairments and visualization
ALP Powered mobility Young children using powered mobility Powered mobility learning stages Powered mobility learning
assessment observation
Triaxial Wearable sensor Children with CP or motor impairments Activity level and intensity Physical activity recording
accelerometer
Foot-mounted IMU Wearable sensor Children with disabilities in stair training Stair gait events Movement feedback therapy
tasks
GMFCS Motor classification Children with CP Gross motor severity Sample grouping
GMFM Motor assessment Children with CP or motor delay Gross motor function Intervention outcome
WST/WST-Q Wheelchair skill test Young wheelchair users Manual/powered wheelchair skills Wheelchair training outcome
ASKp/ASK Self-report scale Children with physical disabilities Daily activity and participation Child reported activity
assessment
PODCI Function/QoL scale Children with physical disabilities Function, pain and QoL Functional outcome
evaluation
APCP-C Participation scale Preschool children with physical disabilities Participation diversity and intensity Preschool activity
participation
YC-PEM Participation/environment Young children with functional limitations Home participation and environment Home participation
measure support assessment
PEDI/PEDI-CAT Adaptive function Children with disabilities Mobility, daily activities and social Functional performance
assessment function assessment
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related tools, WhOM-YP (Wheelchair Outcome Measure — Young Peo-
ple), WheelCon (Wheelchair Use Confidence Scale), 12-GHQ (General
Health Questionnaire), K-PSI (Korean Parenting Stress Index), MPOC
(Measure of Processes of Care), FES (Family Empowerment Scale),
MBPI/FOPQ (Modified Brief Pain Inventory/Fear of Pain Question-
naire), caregiver psychosocial questionnaires, and semi structured in-
terviews (Almasri et al.,, 2018; An et al., 2019; Balaji et al., 2026;
Barchus et al., 2023; Belmonte-Darraz et al., 2021; Bray et al., 2017; M.
Kim et al., 2025; Lindsay, 2016; Ma & Mak, 2016; Ouellet et al., 2022;
Saini et al., 2025; Silberg et al., 2016; Smith et al., 2025, 2026, Sung
et al., 2015, 2020, Zalmstra et al., 2015). These tools are mainly used
to assess children's emotional behaviors, quality of life, pain and fear,
wheelchair use confidence, caregivers' psychological status, perceptions
of family centered services, and subjective experiences. They are sum-
marized in Table 9.

Among emotional and family related measurement tools, CBCL and
SDQ are relatively common tools for assessing children's emotional and
behavioral problems in the included literature. They have been used in
children with CP, SMA, and chronic physical disabilities (Balaji et al.,
2026; Belmonte-Darraz et al., 2021; M. Kim et al., 2025; Silberg et al.,
2016). ERC mainly measures emotion regulation and emotional
lability, while EMT is one of the few emotion knowledge tasks
completed by children themselves (Belmonte-Darraz et al., 2021). The
combination of DBC, DP-3, and SBQ has been used in children with
dyskinetic CP to assess behavioral and emotional problems, develop-
mental profiles, and sleep related performance (Saini et al., 2025). The
PedsQL neuromuscular module and CPCHILD/CP QOL related tools
have been used for HRQoL assessment in children with specific di-
agnoses (Balaji et al., 2026; Sung et al., 2015, 2020; Zalmstra et al.,
2015). WhOM-YP and WheelCon assess participation satisfaction and
use confidence among wheelchair users (Ouellet et al., 2022). 12-GHQ
and K-PSI measure caregivers' emotional distress and parenting stress,
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respectively (M. Kim et al., 2025; Silberg et al., 2016). MPOC is used to
assess parents' perceptions of family centered care processes (Almasri
et al., 2018). The adapted version of FES has been used to assess
changes in family empowerment during collaborative interventions, but
its interpretation should consider the limitations of the adapted version
(An et al., 2019). CPQ uses caregiver self-report questionnaires to
measure caregiving related worry, affiliate stigma, perceived social
support, and psychological distress, showing the family caregiving
pressure experienced by families of PMIOD children (Ma & Mak, 2016).
MBPI and FOPQ focus on pain interference and fear of pain in children
and young people with CP (Smith et al., 2025, 2026). Semi structured
interviews provide evidence on subjective experiences that scales have
difficulty capturing among wheelchair using children, young people
with CP, ROC users, and caregivers (Barchus et al., 2023; Bray et al.,
2017; Lindsay, 2016).

In addition to category specific tools, some tools can capture both
behavioral and emotional dimensions within the same observation
context or data collection process. These mixed measurement tools
mainly include ROFFN type researcher observation forms (Researcher
Observation Form with Field Notes), LENA (LENA Delight/Displeasure
Vocalization Classification), and EEG interbrain synchrony measure-
ment (Gijbels et al., 2026; Plummer et al., 2021; Samadani et al., 2021).
They are summarized in Table 10.

Among these mixed tools, ROFFN type researcher observation forms
have been used to record mobility behavior, environmental exploration,
and basic emotional responses during initial Explorer Mini driving
contexts (Plummer et al., 2021). LENA has been used to record the
language environment, parent child conversational turns, and children's
vocalization types, and to distinguish delight, displeasure, and neutral
vocalizations (Gijbels et al., 2026). EEG interbrain synchrony mea-
surement captures interaction synchrony between children with severe
physical disabilities and their parents at the neurophysiological level,

Summary of Emotional, Family, and Caregiving Environment Assessment Tools for PMIOD children.

Tool Type Target population Key features Application examples

CBCL Parent report Children with CP or PMIOD Emotional and behavioral problems Emotion reactivity and
questionnaire behavioral difficulties

SDQ Parent/self-report Children with SMA or Emotional, conduct, hyperactivity, peer and Behavioral and emotional
questionnaire disabilities prosocial problems difficulties

ERC Parent report Children including those with Emotion regulation and emotional lability Emotion regulation assessment
questionnaire CP

EMT Child emotion task School aged children with CP Emotion knowledge and recognition Emotional understanding

DBC Parent report Children with dyskinetic CP Behavioral and emotional problems Comorbid behavioral
questionnaire difficulties

DP-3 Developmental assessment Children with CP Physical, adaptive, social emotional, cognitive Developmental profile

and communication development

SBQ Parent report Children with CP Sleep related problems Sleep and behavior related
questionnaire assessment

PedsQL HRQoL questionnaire Children with SMA or PMIOD Multidimensional quality of life Psychosocial health and QoL

CPCHILD/CP QOL related

HRQoL questionnaire

conditions
Children with CP

tools
WhOM-YP Child self-report measure Young wheelchair users
WheelCon Self-efficacy scale Young wheelchair users
12-GHQ Caregiver mental health Mothers/caregivers
questionnaire
K-PSI Parenting stress Parents of children with CP
questionnaire
MPOC Family centered care scale Parents of children with
disabilities
FES Family empowerment scale ~ Families of children with
disabilities
MBPI/FOPQ Pain and fear assessment Children and young people

Caregiver psychosocial
questionnaires
Semi-structured interview

tools

Caregiver self-report
questionnaires
Qualitative method

with CP

Caregivers of children with
disabilities

Caregivers, parents, children
or wheelchair users

Health status, comfort, emotion and QoL CP related well being

Participation satisfaction Wheelchair participation
outcome

Mobility confidence
Caregiver distress and
reporting context
Family stress assessment

Wheelchair use confidence
Emotional distress

Parenting stress
Perceived care process Family centered care
assessment

Adapted FES in collaborative
intervention

Pain and fear assessmen

Empowerment and decision making
Pain interference and fear of pain
Worry, affiliate stigma, social support and distress

Caregiver psychosocial status

Autonomy, freedom, participation and well being  Subjective experience
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Table 10
Summary of mixed behavioral and emotional measurement tools.
Tool Type Target Key Features Application
Population Examples
ROFFN  Researcher 6-36-month Driving Initial
observation form children behavior, Explorer
with field notes with exploration and ~ Mini use
mobility basic emotional
impairments responses
LENA Automated audio 12-36- Conversational Explorer
recording and month turns and Mini
coding children emotional powered
with motor vocalizations mobility
disabilities intervention
EEG Neurophysiological Non- Measures Used during
synchrony measure speaking child-parent music
children interbrain therapy
with severe synchrony sessions
physical
disabilities

providing supplementary evidence for understanding parent child
emotional connection (Samadani et al., 2021). Overall, mixed mea-
surement tools can supplement traditional questionnaires and observa-
tions, but the number of such tools remains small. These tools also have
limitations, including high resource demands, high coding training re-
quirements, and insufficient standardization for PMIOD populations.

3.4. Environmental barriers, triggers, and design related evidence

3.4.1. Accessibility, layout, and mobility constraints

During the preschool stage, PMIOD children's interaction with
spatial environments is limited in perception, mobility, and behavioral
participation. These limitations are related not only to children's phys-
ical function but also to conditions for spatial access, path continuity,
assistive device fit, and the degree of environmental support (Albrecht &
Khetani, 2017; Bray et al., 2017; Ouellet et al., 2024). Existing studies
mainly discuss the influence of environmental factors on PMIOD chil-
dren's mobility and participation through perceived environmental
support, assistive mobility device use, play and community participa-
tion, and support conditions in school or daycare environments.

Spatial accessibility and mobility conditions are important environ-
mental factors affecting PMIOD children's participation, exploration,
and autonomous mobility (Ouellet et al., 2024). The limitations that
PMIOD children experience in space come not only from physical
function itself but also from whether the environment allows children to
enter, move, and participate smoothly. For PMIOD children, opportu-
nities for environmental exploration may be restricted and may further
affect mobility experiences, communicative interaction, and socioemo-
tional development (Barchus et al., 2023; Gijbels et al., 2026). Some
children with CP may also be affected by perceptual visual dysfunction,
which can create additional difficulties in spatial recognition, environ-
mental understanding, and quality of life (Mitry et al., 2016). In real life
environments, conditions for spatial access, path continuity, and envi-
ronmental accessibility can affect PMIOD children's mobility experi-
ences and degree of autonomy. Qualitative studies of children and young
people with CP show that transportation or environmental accessibility,
safety, and community spatial conditions affect children's everyday
participation and social activities (Lindsay, 2016). Wheelchair using
children and their families also reported that the absence of ramps, el-
evators, or accessible paths can prevent children from entering desired
spaces and increase their dependence on adult assistance (Bray et al.,
2017). In community wheelchair skills training studies, children also
reported that environmental conditions such as uneven roads, potholes,
and ramps can affect navigational safety and independent mobility
(Ouellet et al., 2022).

Assistive mobility devices can expand PMIOD children's range of
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exploration and participation opportunities to some extent, but the fit
between devices and spatial layout is also important. In studies on in-
clusive playgroups and assistive mobility devices, spatial conditions
affected whether children could use devices smoothly to participate in
play and interaction (Ross et al., 2018). The same child may show
different spatial behavior patterns under different assistive device con-
ditions (Logan et al., 2017; Ross et al., 2018). For example, when a child
used a modified ride on car, peer interaction increased, whereas inter-
action with teachers was more frequent when the child used forearm
crutches (Logan et al., 2017). When the environment itself is inacces-
sible, powered devices may still become new barriers to participation
(Barchus et al., 2023). Caregiver interviews by Sloane et al. (2024) also
showed that different powered mobility devices vary in convenience,
size, turning mode, postural support, and indoor and outdoor use con-
texts. These factors can affect caregivers' device preferences and chil-
dren's participation opportunities. When the environment itself is
inaccessible, or when device size, turning radius, and postural support
do not match the use context, powered devices may still create new
barriers to participation (Barchus et al., 2023; Sloane et al., 2024).

In addition to community and play spaces, spatial support conditions
in home, school, and daycare environments can also affect PMIOD
children's participation. Functional limitations can indirectly affect
children's home participation through caregivers' perceptions of envi-
ronmental supportiveness (Albrecht & Khetani, 2017), indicating that
environmental support is not only a physical issue but also involves
whether families perceive the space as supporting participation
(Albrecht & Khetani, 2017). Some young children with physical dis-
abilities need additional physical support to move between spaces, and
educators also believe that environmental arrangement and adult sup-
port affect whether children can actively participate in activities
(Aguayo et al., 2019; Bossi et al., 2021; Morera-Balaguer et al., 2023;
Prakash et al., 2017). Therefore, insufficient spatial support conditions
may restrict children's opportunities for active mobility and participa-
tion in everyday environments and may also reduce their opportunities
to become familiar with spatial structure, path relationships, and envi-
ronmental feedback through movement.

Some contextual studies further suggest that the quality of physical
environments, spatial layout, and inclusive support in preschool and
school environments can affect children's participation and well-being.
Liao et al. (2025) showed in a study of typically developing preschool
children that the Space and Furnishings dimension in ECERS-3 moder-
ated the relationship between inhibitory control and physical fitness,
suggesting that the quality of preschool physical environments may
affect children's physical activity development. Abyzov et al. (2021)
discussed the importance of therapeutic areas, special equipment
arrangement, and spatial organization from the perspective of inclusive
preschool interior design. Guillemot et al. (2024) showed in a study of
school inclusion among students with disabilities that school accom-
modations and the quality of parent teacher relationships were related
to children's subjective well-being and social inclusion. Kang et al.
(2017) also showed that children's mobility opportunities in space
were related to their level of participation. Assistive devices and envi-
ronmental support were described by caregivers as factors that can in-
crease children's sense of freedom, sense of control, and opportunities
for active exploration, but existing studies still rarely directly examine
the effects of specific spatial design variables, such as ramps, corridor
width, or furniture layout (Barchus et al., 2023). Overall, most existing
studies still understand environmental limitations through caregiver
perceptions, interviews, or behavioral observations. They have not
directly measured specific spatial variables in homes, such as door
width, corridor width, turning radius, furniture layout, or path
continuity.

3.4.2. Sensory environmental triggers
In the spatial environments of PMIOD children, sensory environ-
mental factors mainly include visual, auditory, tactile, and multisensory
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stimuli. These factors can affect children's attention, sensory processing,
comfort, and emotional responses in space (Biddiss et al., 2018; M. Kim
etal., 2025; Kos et al., 2026). At present, relatively direct evidence in the
literature is mainly concentrated in Snoezelen multisensory environ-
ments, multisensory stimulation, music therapy, and technology assisted
interactive environments. Direct studies on materials, colors, lighting,
acoustic environments, and spatial scale in home spaces remain limited
(Abdou & Younis, 2026; Biddiss et al., 2018; M. Kim et al., 2025; Zhu
et al., 2025).

First, in studies related to PMIOD children, multisensory environ-
ments may affect children's problem behaviors, comfort, and emotional
states (Kos et al., 2026). A Snoezelen intervention study in children with
cerebral palsy indicated that the sensory room contained elements such
as fiber optic lights, bubble tubes, music, tactile panels, aromatherapy,
waterbeds, and beanbag chairs (M. Kim et al., 2025). These elements
together formed visual, auditory, tactile, and relaxing stimuli. The study
showed that after the Snoezelen intervention, emotional reactivity
decreased in the experimental group, but not all other dimensions of
behavioral problems showed significant changes (M. Kim et al., 2025).
In addition, Kos et al. (2026) showed in a study of multisensory stimu-
lation that multisensory foam combined with routine exercise training
reduced movement related pain and anxiety in children with CP. Biddiss
et al. (2018) showed in a cluster randomized controlled trial of inter-
active media in rehabilitation waiting spaces that interactive media
reduced state anxiety in children and adolescents with disabilities,
whereas passive video did not show the same effect. These findings
suggest that multisensory stimulation may affect emotional and bodily
experiences in PMIOD children, although the relevant evidence mainly
comes from clinical or rehabilitation contexts.

Second, auditory and music feedback may also affect children's
emotional connection and motivation for participation (Khan & Biddiss,
2017). Samadani et al. (2021) observed neurophysiological synchrony
between children with severe physical disabilities and their parents
through EEG during music therapy, suggesting that music and interac-
tive environments may promote emotional connection between parents
and children (Samadani et al., 2021). The Musical Stairs study also
showed that combining auditory feedback with motion detection can
improve the participation interest and motivation of children with
physical disabilities in stair training (Khan & Biddiss, 2017). These
studies indicate that sound is not only a background stimulus but may
also become part of action feedback, emotional connection, and
participation motivation in children's activity processes.

At the same time, visual and tactile factors in spatial environments
may also affect PMIOD children's perception and participation.
Perceptual visual dysfunction in children with CP is related to physical
impairment and quality of life (Mitry et al., 2016), suggesting that some
children may be affected by visual perceptual difficulties in spatial
recognition, environmental understanding, and activity participation
(Mitry et al., 2016). Studies of typically developing preschool children
also show that lighting environments affect children's emotional re-
sponses (Zhu et al., 2025). However, because these studies did not focus
on PMIOD children, they are more suitable as background evidence for
visual environment research. In Snoezelen environments, studies also
mentioned that comfortable spaces can be maintained by dimming
lights, playing calm music, maintaining appropriate temperature and
humidity, and ensuring ventilation (M. Kim et al., 2025). Research on
materials, colors, and lighting for PMIOD children remains limited.
Existing evidence more often shows that sensory stimulation, physical
support, and interactive environments may affect children's participa-
tion states (Barchus et al., 2023), but it cannot directly prove the inde-
pendent effects of specific materials or colors on PMIOD children's
spatial exploration (Bossi et al., 2021). Therefore, material and tactile
design can be considered potential directions for supporting comfort and
participation. Lighting, color, visual stimuli, and spatial atmosphere can
also be considered factors that require further exploration in future
research on PMIOD spatial environments (Abdou & Younis, 2026).
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In addition, some studies have added dynamic visual and auditory
feedback to play or rehabilitation environments and reported that these
interventions can improve physical activity participation among chil-
dren with developmental disabilities (Lin & Chang, 2015). However,
such studies mostly belong to broader disability or technology assisted
background evidence and cannot be directly equated with sensory
design evidence in PMIOD children's home spaces. Some architectural
and preschool environment studies also discuss the influence of inclu-
sive learning environments on children's emotions and behaviors from
the perspectives of visual features, mobility related spatial attributes,
safety, and sensory design (Abyzov et al., 2021). However, these studies
are mostly based on typically developing preschool children, children
with neurodevelopmental disorders, or design analysis, and objective
sensory environment measurements for PMIOD children in real resi-
dential spaces remain lacking (Abdou & Younis, 2026; Abyzov et al.,
2021; Zhu et al., 2025). Overall, existing sensory environment evi-
dence mainly focuses on rehabilitation, experimental, and preschool
institutional environments, while direct measurement and systematic
analysis of lighting, noise, materials, temperature, and spatial atmo-
sphere inside homes remain limited.

4. Discussion

This review synthesized 176 studies on PMIOD children's perceptual
behaviors, emotional responses, spatial experiences, and related
research methods in environmental contexts. Overall, existing studies
have provided evidence on mobility exploration, play participation,
assistive devices, family support, emotional responses, and measure-
ment tools. However, this evidence remains dispersed. Many studies
come from rehabilitation, developmental psychology, education, or as-
sistive technology, while studies that directly examine the interaction
between PMIOD children and spatial environments remain limited
(Alberts et al., 2022; Bray et al., 2017; Logan et al., 2017; Ross et al.,
2018; Sloane et al., 2024; Smith et al., 2025, 2026). Returning to this
child environment interaction framing, we interpret the synthesized
evidence by focusing on how individual mobility ability, caregiving
relationships, assistive devices, service support, and physical environ-
mental conditions jointly shape perceptual behaviors and emotional
responses. We then discuss how spatial factors appear across different
studies and identify current limitations in research methods and mea-
surement tools.

4.1. Synergistic influence of perceptual and emotional variables on spatial
experience

Perceptual behaviors and emotional responses should not be treated
as independent variables in PMIOD children's spatial experiences.
Children's mobility ability, environmental exploration opportunities,
adult support, and assistive device use jointly affect their behavioral
performance in space and their emotional experiences. Following the
logic of ecological systems perspectives and the ICF framework, PMIOD
children's spatial experiences need to be understood within the com-
bined context of mobility ability, spatial environments, and caregiving
relationships (Aguayo et al., 2019; Albrecht & Khetani, 2017;
Bronfenbrenner, 1979; Pan et al., 2015; Prakash et al., 2017; WHO,
2022). Their development and participation are shaped through the
combined effects of family, caregivers, assistive devices, service support,
and physical environments (Almasri et al., 2018; Mohd Nordin et al.,
2019; Pan et al., 2015; Sloane et al., 2024).

First, mobility limitations affect children's opportunities to explore
space. For PMIOD children, spatial exploration involves more than the
ability to move (Plummer et al., 2021). It also involves whether children
can actively approach objects, peers, play areas, or other environmental
stimuli (Barchus et al., 2023; Ross et al., 2018; Valentin-Gudiol et al.,
2017). When children cannot independently enter spaces, change posi-
tions, or approach targets, their opportunities to encounter spatial
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structures, path directions, and environmental feedback may decrease
(Plummer et al., 2021). Early independent mobility is considered to be
related to children's motor, perceptual, cognitive, social, and language
development, while PMIOD children's opportunities for environmental
exploration are often constrained by physical function and external
support conditions (Gijbels et al., 2026). When PMIOD children rely on
caregivers for movement over a long period or are restricted to a small
activity range because of physical disabilities, their participation is more
likely to depend on adult support and may involve experiences of limited
autonomy, exclusion, or insufficient social inclusion (Bossi et al., 2021;
Bray et al., 2017; Phillips & Hogan, 2015). Assistive mobility devices,
modified ride on cars, and powered mobility devices can increase chil-
dren's mobility opportunities and environmental contact to some extent
(Bray et al., 2017; Huang et al., 2022; Plummer et al., 2021). However,
whether these opportunities can become stable spatial participation still
depends on device fit, spatial conditions, and caregiving support
(Barchus et al., 2023; Gijbels et al., 2026; Livingstone & Field, 2021;
Logan et al., 2017; Mohd Nordin et al., 2019; Plummer et al., 2021).

These interventions do not mean that children have already gained
stable and fully autonomous spatial exploration ability. Whether chil-
dren can genuinely participate in spatial activities is still affected by
device fit, adult supervision, environmental accessibility, passage con-
ditions, and safety conditions (Bray et al., 2017; Lindsay, 2016; Mohd
Nordin et al., 2019; Ouellet et al., 2022). These influences are espe-
cially evident in play and everyday activity contexts. PMIOD children
often need more adult support in play and everyday activities, and their
spatial entry, activity transitions, toy approach, and peer approach may
all be shaped by adults or environmental conditions (Barchus et al.,
2023; Plummer et al., 2021; Ross et al., 2018; Valentin-Gudiol et al.,
2017). In studies of inclusive play and assistive devices, different de-
vices produced different interaction patterns rather than consistently
increasing or decreasing peer interaction (Logan et al., 2017; Ross et al.,
2018). Participation opportunities should also be distinguished from
participation quality. Even when children participate in a certain
number of activities, their autonomy, depth of interaction, and degree of
social inclusion may still differ from those of their peers (Mei et al.,
2015; Phillips & Hogan, 2015). Understanding PMIOD children's
behavior therefore requires attention to whether children can actively
choose, actively approach, actively express, and actively control their
spatial actions.

In terms of emotional responses, anxiety, frustration, insecurity, or
withdrawal in PMIOD children should not be reduced to individual
psychological problems (Adegboye et al., 2017; Smith et al., 2025,
2026). Children's emotional responses are often related to pain, fatigue,
bodily unpredictability, spatial inaccessibility, social exclusion, and
limited autonomous control (Belmonte-Darraz et al., 2021; Bray et al.,
2017; Lindsay, 2016). When children need to continuously rely on
adults to push, carry, or decide their movement directions, they may
experience a lack of control and may even feel excluded or passively
involved (Barchus et al., 2023). In contrast, when children can actively
move, approach targets, and participate in play through powered
mobility devices or assistive devices, they are more likely to show pos-
itive responses such as freedom, sense of control, excitement, smiling, or
joyful vocalizations (Barchus et al., 2023; Bray et al., 2017; Gijbels et al.,
2026; Logan et al., 2017; Plummer et al., 2021). Action autonomy and
environmental controllability in space may therefore be important
explanatory clues connecting perceptual behaviors and emotional ex-
periences (Feldner, 2019; Gijbels et al., 2026).

PMIOD children's emotional experiences also need to be understood
within the family caregiving environment. Because the emotional states
of younger children or children with communication limitations are
often obtained through parent or caregiver reports, caregivers' care-
giving worries, affiliate stigma, social support, and psychological
distress may affect their observation and interpretation of children's
emotional and behavioral states (Barutcu et al., 2021; Ma & Mak, 2016;
Park & Nam, 2019; Prakash et al., 2017; Silberg et al., 2016). PMIOD
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children's emotional responses are therefore related to physical limita-
tions, spatial environments, family interaction, caregiving pressure, and
reporting sources. Pain and fear are also bodily experiences that cannot
be ignored when researchers examine PMIOD children's emotional ex-
periences (Belmonte-Darraz et al., 2021; Kos et al., 2026; Smith et al.,
2025, 2026). Adaptation studies of the Modified Brief Pain Inventory
and Fear of Pain Questionnaire for children and adolescents with CP
suggest that emotional assessment should extend beyond anxiety,
withdrawal, or problem behaviors and should also include psychological
responses closely related to physical function and bodily sensations
(Smith et al., 2025, 2026).

Overall, PMIOD children's perceptual behaviors and emotional re-
sponses are interrelated. Mobility limitations may reduce children's
exploration and participation opportunities, and restricted exploration
and participation may affect children's sense of autonomy, control, and
security. Supportive devices, spaces, and interactive environments may
provide more opportunities for active exploration and positive
emotional expression. However, current evidence mainly comes from
observational studies, interviews, small sample interventions, proxy
reports, and some clinical intervention studies (Barchus et al., 2023;
Bray et al., 2017; Ross et al., 2018). This evidence cannot yet support a
stable causal mechanism (Livingstone & Field, 2021; Sloane et al.,
2024). It is therefore more appropriate to understand PMIOD chil-
dren's perceptual behaviors and emotional responses as interrelated
dimensions of spatial experience. Future research should further
combine real home spaces, children's immediate behaviors, and
emotional measurement to examine the specific relationships among
spatial conditions, action autonomy, and emotional adaptation.

4.2. Multidimensional interaction of spatial variables

Spatial environmental factors intersect in PMIOD children's percep-
tual behaviors and emotional responses. Repeatedly mentioned factors
include spatial accessibility, path continuity, the fit between assistive
devices and spatial layout, multisensory stimulation, material tactility,
lighting and visual stimuli, and spatial scale. However, these factors
were addressed to different extents across the included studies. Spatial
accessibility, mobility paths, and assistive device fit were examined
more frequently. Research on materials, colors, lighting, and sensory
atmosphere more often came from multisensory environment studies,
studies of typically developing children, or broader disability research.
Direct evidence from PMIOD children's real home spaces remains
limited (Abdou & Younis, 2026; Bray et al., 2017; M. Kim et al., 2025;
Ouellet et al., 2022). Current evidence on spatial variables has not been
systematically measured within the same research framework. Studies
of physical environments more often focus on accessibility, path con-
ditions, device use, and participation opportunities, while studies of
sensory environments more often come from Snoezelen environments,
multisensory stimulation, music therapy, lighting experiments, or
broader disability research. Existing studies have separately suggested
that physical and sensory environments may affect children's behaviors
and emotions, but few studies have simultaneously measured the re-
lationships among spatial scale, path conditions, light, sound, materials,
and children's behavioral responses (Biddiss et al., 2018; Bray et al.,
2017; Ouellet et al., 2022; M. Kim et al., 2025). The interaction
among spatial variables is therefore a synthesized interpretation of the
included studies rather than a mechanism directly examined within a
single research framework.

First, spatial accessibility and path conditions were repeatedly
examined across the included studies. From the perspective of PMIOD
children's perceptual experience, sufficient passage conditions affect
whether children can move smoothly, change positions, and participate
in activities (Bray et al., 2017; Ouellet et al., 2022). Path continuity and
the presence of ramps, elevators, thresholds, or narrow turning areas
also affect whether children can move autonomously and enter different
spaces (Lindsay, 2016; Ouellet et al., 2022). Morera-Balaguer et al.
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(2023) suggested that children's physical support needs and environ-
mental conditions should be considered when understanding their ac-
tivity participation in early intervention and family support contexts.
Other participation studies also show that environmental support is
related to children's home participation (Albrecht & Khetani, 2017).
Transportation conditions, accessibility facilities, community environ-
ments, and indoor passage conditions can affect everyday participation
and mobility experiences among children with physical disabilities
(Bray et al., 2017; Lindsay, 2016; Ouellet et al., 2022). Spatial accessi-
bility is therefore related to whether children can actively approach
targets, change positions, understand paths, and reduce dependence on
adult assistance. Accessible support at the physical and material levels
may reduce children's dependence and frustration and may improve
their sense of autonomous control and security. However, direct mea-
surement evidence on door width, passage scale, turning radius, and
internal path conditions in homes remains limited (Ouellet et al., 2022).
Overall spatial scale may also be related to PMIOD children's sense of
bodily freedom. Wheelchair and powered mobility studies suggest that
spatial scale may affect children's turning, approach, and device use, but
direct studies of internal home scale, door width, and turning radius
remain limited (Barchus et al., 2023; Ouellet et al., 2022; Plummer et al.,
2021). This suggests that spatial scale may involve both physical safety
and emotional security, but this relationship still needs to be further
verified in real home spaces.

Second, the fit between assistive devices and spatial layout also af-
fects PMIOD children's spatial experiences. Assistive devices, wheel-
chairs, Explorer Mini, and modified ride on cars can expand children's
mobility range and increase opportunities for active exploration and
participation (Bray et al., 2017; Logan et al., 2017; Ross et al., 2018), but
spaces can also constrain the use of these devices (Plummer et al., 2021).
Powered mobility devices and modified ride on cars can increase op-
portunities for environmental exploration, play participation, and peer
interaction (Logan et al., 2017; Plummer et al., 2021; Ross et al., 2018).
However, when environments are inaccessible, or when device size,
turning mode, postural support, and use contexts do not match, assistive
devices may not translate into stable autonomous mobility ability
(Barchus et al., 2023; Ouellet et al., 2022; Plummer et al., 2021). As-
sistive devices therefore need to be analyzed together with spatial scale,
path organization, and caregiving support. From the perspective of
spatial design, research on assistive devices involves the fit of the device
itself and whether the space provides sufficient turning, parking, and
path conditions for device use (Barchus et al., 2023; Gijbels et al., 2026;
Plummer et al., 2021).

Sensory factors such as material tactility, lighting, sound, and color
may also affect PMIOD children's comfort, attention, participation, and
emotional responses (Abdou & Younis, 2026; Biddiss et al., 2018; Khan
& Biddiss, 2017; M. Kim et al., 2025). Although direct evidence on
material tactility in PMIOD children's home spaces remains limited,
material tactility may affect children's comfort and participation states
through continuous bodily contact and sensory feedback. Multisensory
environment studies show that combined visual, auditory, tactile, and
bodily support stimuli may help reduce problem behaviors in children
with cerebral palsy and provide a relatively comfortable and low stress
environmental experience (M. Kim et al., 2025). Studies of multisensory
foam and interactive media in waiting spaces also suggest that tactile,
visual, and interactive feedback may reduce children's anxiety, pain, or
state anxiety (Biddiss et al., 2018; Kos et al., 2026), but this evidence
mainly comes from rehabilitation or experimental environments rather
than home spaces (Biddiss et al., 2018; Kos et al., 2026). Perceptual
visual difficulties in children with CP may also be related to physical
impairment and quality of life, indicating that visual environments may
affect the spatial understanding and participation experiences of some
PMIOD children (Mitry et al., 2016). Color and visual cues can be
considered potential design directions, but the current literature lacks
studies that directly test how color coding affects path recognition or
spatial boundary understanding in PMIOD children (Abdou & Younis,
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2026; Zhu et al., 2025). Music therapy and sound feedback research
also suggests that sound and interactive feedback may be related to
children's participation motivation, parent child emotional connection,
and training engagement (Khan & Biddiss, 2017; Samadani et al., 2021).
These studies cannot be directly equated with evidence on material,
color, acoustic environment, or lighting design in PMIOD children's
home spaces. Based on current evidence, sensory environmental factors
have potential design significance, but they still need to be further
verified in real home and everyday activity settings.

The variables repeatedly mentioned in relation to PMIOD children's
perceptual behaviors and emotional responses are important intersect-
ing variables affecting their spatial experiences. However, existing evi-
dence cannot support directly translating all spatial factors into fixed
design principles. Spatial accessibility, path continuity, and assistive
device fit were more frequently examined in the included studies, while
direct research on spatial scale, materials, colors, lighting, and tactile
stimulation remained limited and mainly indicated areas for future
design research (Bray et al., 2017; Ouellet et al., 2022; Abdou & Younis,
20265 M. Kim et al., 2025; Plummer et al., 2021). From the perspective
of affordances, spatial variables are not isolated physical parameters.
They are transformed into action possibilities through children's phys-
ical abilities, assistive devices, and caregiving support (Gibson,
2014/2014). Therefore, spatial design needs to consider accessibility
design standards as well as how these variables affect PMIOD children's
path use, device fit, sensory responses, caregiver support, and emotional
experiences. Future research should translate these design clues into
specific variables that can be observed, measured, and compared, so that
researchers can explain more clearly how spatial environments affect
PMIOD children's behavioral participation, action autonomy, and
emotional security.

4.3. Methodological and measurement limitations

Existing tools can assess PMIOD children's developmental status
from the perspectives of behavior, emotion, participation, and family
support, but their age applicability, disability related suitability, and
standardization remain inconsistent (Albrecht & Khetani, 2017; Balaji
et al., 2026; Belmonte-Darraz et al., 2021; Saini et al., 2025; Smith
et al., 2025, 2026). Among the included environment related studies,
only one study directly addressed home residential environments, and it
still relied on caregiver perception data (Albrecht & Khetani, 2017).
Most studies on PMIOD children's emotional responses still rely mainly
on questionnaires, proxy reports, interviews, or researcher observation
(Barutcu et al., 2021; Ma & Mak, 2016; Park & Kim, 2020; Park & Nam,
2019). Technology assisted measurement and multisource data inte-
gration remain supplementary.

Current methods for assessing PMIOD children's emotional responses
are still mainly questionnaire based, descriptive, or proxy reported,
which creates clear limitations for young children or children with
limited expressive abilities. Although caregiver questionnaire reports
are practically necessary, they may be affected by caregivers' emotional
states, caregiving stress, affiliate stigma, and levels of social support.
Relying on proxy reports alone may overestimate or underestimate
children's emotional problems and may therefore fail to fully represent
children's immediate emotional experiences (Ma & Mak, 2016; Silberg
et al., 2016). Existing tools can assess children's emotional behavior,
quality of life, or developmental status from different perspectives, but
most tools rely on adult reports, and some tools have not been suffi-
ciently validated in specific PMIOD diagnostic groups. For example, the
use of SDQ in children with SMA still requires caution (Balaji et al.,
2026; Belmonte-Darraz et al., 2021; Saini et al., 2025). Child observa-
tion in some studies also relies mainly on researcher observation records
and behavioral coding, so observational findings also need triangulation
with other methods (Plummer et al., 2021). In addition, emotional re-
sponses closely related to bodily experience, such as pain and fear,
require specialized measurement tools that are suitable for the
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comprehension and expression abilities of children with CP or PMIOD
(Smith et al., 2025, 2026). Children and parents do not always under-
stand quality of life, autonomy, and environmental restrictions in the
same way. Differences among child self-reports, parent reports, and
interview data should therefore be treated as important research infor-
mation rather than simply as measurement error (Bray et al., 2017;
Lindsay, 2016; Ouellet et al., 2022).

Observation and behavioral coding are also important methods in
PMIOD child research, especially for capturing children's immediate
responses during mobility, play, device use, peer interaction, and
emotional expression (Gijbels et al., 2026; Logan et al., 2017; Plummer
et al.,, 2021; Ross et al.,, 2018). Compared with subjective reports,
observational methods can more directly present children's behavioral
performance in specific spatial and activity contexts. However, these
methods also have clear limitations. Some studies have short observa-
tion periods and highly specific contexts, which makes it difficult for
these studies to represent children's real behavioral patterns over longer
periods or across multiple settings (Plummer et al., 2021). At the same
time, because recruiting PMIOD child samples is difficult, many studies
have small sample sizes, and children's behavioral differences across
different spaces, devices, and intervention conditions still require
further verification (Logan et al., 2017). Existing studies have provided
evidence of behavioral changes in play, assistive mobility, and powered
mobility interventions, but sample size, intervention contexts, and sin-
gle group design still limit the generalizability of the findings (Gijbels
et al., 2026; Ross et al., 2018). Observation therefore has important
value in PMIOD child research, but it is more suitable when combined
with interviews, scales, automated data collection tools, and standard-
ized tests to improve the completeness of behavioral interpretation and
methodological reliability.

Current studies also do not sufficiently differentiate age groups and
children's abilities, which affects fine grained analysis across develop-
mental stages (Gijbels et al., 2026; Ouellet et al., 2022; Plummer et al.,
2021; Saini et al., 2025). Many studies analyze children aged 3-6 years
or broader age ranges as a whole, but children within the preschool
period may differ in physical ability, language expression, emotion
regulation, spatial understanding, and autonomous mobility. PMIOD
children are not a homogeneous group. Using only GMFCS or a single
functional classification may be insufficient for explaining differences in
assistive device use, communication ability, and adult support needs
(Ouellet et al., 2022; Saini et al., 2025). Children's physical function,
assistive device use, and adult support need also vary substantially
across individuals. If age and disability severity are not further stratified,
research conclusions can easily remain at a broad descriptive level
(Hsieh et al., 2021; Ouellet et al., 2022). Future studies should therefore
distinguish age stage, disability type, mobility ability, and communi-
cation ability more clearly in sample design, rather than using disabled
children or young children as uniform labels.

The overall body of research also lacks systematic exploration of
PMIOD children's real home spaces (Albrecht & Khetani, 2017; Barchus
et al., 2023; Bray et al., 2017; Morera-Balaguer et al., 2023). In the life
settings of young children, the home is a core environment. However,
many current studies focus on laboratories, rehabilitation centers,
schools, daycare settings, or intervention contexts. Studies that directly
discuss the interaction between PMIOD children and home spatial en-
vironments remain limited. Existing studies have involved home
participation, caregiver support, family centered services, and family
activity environments, but most of these studies have not systematically
measured specific variables in home spaces, such as paths, furniture
layout, passage scale, turning space for assistive devices, sensory stimuli,
and caregivers' visual supervision (Albrecht & Khetani, 2017; Barchus
et al., 2023; Bossi et al., 2021; Bray et al., 2017). This limitation con-
cerns more than research setting. It also means that existing tools mainly
measure children's abilities, participation, or caregiver perceptions,
while the home space itself is rarely transformed into measurable vari-
ables. Although some studies discuss early intervention and the quality
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of professional support from parents' perspectives, these studies still
rarely treat the home space itself as a measurable variable
(Morera-Balaguer et al., 2023). Current research on environmental
support and home participation therefore still lacks systematic modeling
of real home spatial structures, children's movement paths, and spatial
intervention pathways.

From a technical perspective, physiological, sensor based, and
technology assisted methods are providing new methodological sup-
plements for PMIOD child research. Sensors are suitable for recording
activity states and movement events. Eye gaze assistive technology is
suitable for analyzing communicative interaction in children with
complex needs. Powered mobility devices can provide settings for
observing children's autonomous exploration and emotional expression.
Automatic audio recording tools such as LENA can capture changes in
communication and emotional vocalizations. Physiological indicators
such as EEG can also provide supplementary evidence for understanding
parent child interaction synchrony and emotional connection. However,
most of these methods are still used in small sample, exploratory, or
single group intervention studies. They more often support multisource
data collection and cross interpretation than an integrated multimodal
analysis model (Gijbels et al., 2026; Hsieh et al., 2021; Orlando et al.,
2025; Samadani et al., 2021). Sensory processing assessment and feed-
back studies also suggest that children respond differently to visual,
auditory, tactile, and multisensory stimuli. However, this evidence
currently comes more often from broader disability or related develop-
mental research, and it still needs to be further translated into real
spatial research on PMIOD children.

4.4. Limitations and future work
This review has several limitations.

1) This study was not prospectively registered. The OSF transparency
record established during the revision stage was mainly used to
document the revised search strategy, database records, eligibility
criteria, and data charting framework, and it cannot replace
preregistration.

2) This study included only English language articles and reviews, and
the search period was limited to January 2015 to May 2026.
Therefore, some earlier studies, non-English studies, and gray liter-
ature may have been missed.

3) PMIOD was used as a working umbrella term. Although this term
helps integrate children with similar mobility limitations and spatial
participation needs, heterogeneity still exists across diagnostic types,
mobility abilities, communication abilities, and assistive device use
statuses.

4) As a scoping review, this study aimed mainly to map the scope of
evidence and identify research gaps, rather than to conduct a unified
quality appraisal or effect size synthesis for all included studies
(Arksey & O’Malley, 2005; Peters et al., 2021; Tricco et al., 2018).
Accordingly, the synthesis describes differences in the number,
directness, settings, and methods of the available studies rather than
grading evidence strength or certainty.

Based on these limitations and current evidence gaps, future research
can be developed in four directions. First, researchers should develop
standardized measurement tools with clearer structures, more clearly
defined scopes of application, and better cross context usability. In
particular, the adaptability of tools to different PMIOD child groups
needs to be improved (Balaji et al., 2026; Smith et al., 2025, 2026).
Second, future studies should combine child self-reports, caregiver re-
ports, behavioral observation, and technology assisted data to reduce
dependence on a single proxy report or a single observation result. They
should also further explore the synchronization among children's im-
mediate behaviors, emotional expressions, and spatial locations
(Samadani et al., 2021; Silberg et al., 2016). Third, future sample
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designs should distinguish age stage, disability type, mobility ability,
assistive device use status, and communication ability in more detail, in
order to strengthen the interpretability of research findings. Fourth,
future research should pay more attention to paths, furniture, assistive
devices, lighting, sound, materials, and environmental interaction in
real home spaces, and should transform these spatial factors into vari-
ables that can be observed, measured, and compared as far as possible.
Future research also needs to analyze spatial conditions, children's be-
haviors, emotional responses, and caregiving support together to sup-
port subsequent research on PMIOD children's home spaces, early
support, and design hypotheses.

Future research also needs to introduce theoretical frameworks such
as affordance, ecological systems theory, or the ICF more explicitly, so
that spatial variables are no longer treated only as background de-
scriptions but can become analytical units for explaining children's
behavioral participation and emotional security. For PMIOD children,
whether a space is useable does not depend only on whether the space
meets general accessibility standards. It also depends on the fit among
children's physical abilities, assistive devices, caregiver support, and
sensory environments. Placing these factors within the same research
framework can help explain more clearly how home spaces affect chil-
dren's action autonomy, participation quality, and emotional
experiences.

5. Conclusion

Based on 176 studies published between 2015 and 2026, this scoping
review summarized PMIOD children's perceptual behaviors, emotional
responses, spatial experiences, and related measurement methods. The
included literature shows that PMIOD children's everyday spatial use
often involves restricted exploration opportunities, obstacle avoidance
difficulties, limited action autonomy, and high dependence on adult
support and assistive devices. At the emotional level, relevant studies
mainly reported anxiety, frustration, insecurity, and participation
withdrawal. At the same time, in supportive environments, assistive
mobility device use, and positive interaction contexts, children may also
show a stronger sense of control, willingness to participate, and positive
emotional expression. Existing evidence suggests that PMIOD children's
perceptual behaviors and emotional responses should be understood as
interrelated dimensions jointly associated with mobility ability, spatial
accessibility, assistive devices, caregiver support, and sensory
environments.

At the methodological and evidential levels, existing studies still
mainly rely on questionnaires, proxy reports, interviews, and researcher
observation, while technology assisted measurement and multisource
data integration remain supplementary. Spatial accessibility, path con-
tinuity, and assistive device fit were more frequently examined, but
direct research on materials, colors, lighting, tactile stimulation, and
spatial scale in real home spaces remained limited. Future research
needs to further differentiate age stages and disability types, combine
child self-reports, caregiver reports, behavioral observation, and tech-
nology assisted data, and transform home space factors into measurable
and comparable analytical variables. Such work can expand the
empirical basis for research on PMIOD children's home spaces, design
interventions, and early support strategies.
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