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Preface

Motor development is a fundamental and multifaceted pillar of a child’s developmental journey,
serving as an essential foundation for optimizing physical, cognitive, emotional, and psychosocial
well-being. However, driven by current complex socio-cultural transformations—primarily the
pervasive integration of digital tools and devices in childhood—the ways in which children access
knowledge and interact with their peers are changing rapidly.

This Reprint aims to address this topic in depth, exploring how motor experience supports
children’s growth in developmental age through recent scientific evidence and good practices. Within
this work, a particular emphasis is placed on pedagogical and educational models related to lifespan
motor development. In a historical moment of rapid transition, there is an urgent need to embrace
models that reflect the complex, fluid, and context-dependent nature of developmental change.

The contributions included in this collection offer an innovative synthesis that emphasizes the
deep interconnection between perception, action, cognition, and physical fitness, alongside factors
related to the practice of physical activity. From novel advancements in motor development, this
Reprint aims to tangibly showcase the links between scientific and methodological approaches
applied in various contexts (i.e., sport, physical education, free time, and adapted physical activity).
Ultimately, our hope is to provide scholars, teachers, and professionals with the tools to effectively
translate theory into practice , fully enhancing the pervasive, foundational, and highly transformative

nature that movement assumes at every stage of human growth.

Dario Colella and Domenico Monacis
Guest Editors
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Tracking Current Evidence and Future Perspectives of
Children’s Motor Development

Domenico Monacis 1'* and Dario Colella 2

Department of Education and Sports Sciences, Pegaso University, 80143 Naples, Italy

Department of Biological and Environmental Sciences and Technologies, University of Salento, 73100 Lecce,
Italy; dario.colella@unisalento.it

*  Correspondence: domenico.monacis@unipegaso.it

Motor development is a fundamental and multifaceted pillar of a child’s developmen-
tal journey, serving as a fundamental foundation for optimizing a child’s physical, cognitive,
emotional, and psychosocial well-being [1]. In today’s social and healthcare landscape,
characterized by a concerning prevalence of hypokinetic phenotypes and growing chal-
lenges related to the heterogeneous trajectories of neurodevelopment [2,3], the academic
community is called upon to produce robust empirical evidence. This body of evidence is
essential for guiding intervention strategies that promote Physical Literacy, active lifestyles,
foster full inclusion, and maximize each individual’s developmental potential, moving
beyond purely compensatory or therapeutically approaches.

This Special Issue, titled “Recent Advances in Children’s Motor Development: From Birth
to Adolescence,” compiles nine high-profile scientific contributions, presenting a significant
synergic and innovative epistemological framework. The primary added value of this
Special Issue lies in the dense network of theoretical and methodological interconnections
among the published studies, which, while investigating different populations and devel-
opmental stages, converge toward the overcoming of biomechanical reductionism in favor
of a holistic, ecological, and embodied construct.

Within this context of epistemological renewal, physical experiences in the fields
of physical education, extracurricular activities, and sports initiation are not merely an
indispensable component of the educational curriculum, but a genuine ecosystem for inter-
disciplinary intervention [4]. However, driven by current socio-cultural transformations—
primarily the pervasive integration of digital tools and devices in childhood—the ways
in which children access knowledge and interact with their peers are changing rapidly. In
this evolving landscape, the translation of developmental theory into educational practice
often reveals methodological opacity, especially in managing the delicate transition from
spontaneous movement to structured sports practice in the absence of solid pedagogical
foundations [4]. Although the scientific literature of the past decade shows a growing focus
on the prevention of hypokinesia, health promotion, and the optimization of motor learning
processes, we are simultaneously witnessing a progressive fragmentation and decontextu-
alization of best practices oriented toward motor development [5]. In a society that tends
to compress, overstructure, or even suppress certain dimensions of motor development
in favor of partial, formal, and adult-centered educational approaches, there is an urgent
need to embrace pedagogical models that reflect the complex, fluid, and context-dependent
nature of developmental change.

It is crucial to restore centrality to a motor experience that is intrinsically motivating,
spontaneous, creative, and radically inclusive, specifically designed to enhance the deep
interconnection between perception, action, cognition, and physical fitness [6]. Movement,

Children 2026, 13, 492

https:/ /doi.org/10.3390/ children13040492



Children 2026, 13, 492

in fact, represents a pervasive, foundational, and highly transformative phenomenon in a
child’s ontogenesis. It acts as an irreplaceable medium for navigating different contexts
(e.g., school, sports, and leisure time) and for translating theory into practice, long before
motor actions take on the conventional, strictly utilitarian, and rational connotations typical
of adulthood [4,5].

In perfect alignment with the aims of this Special Issue, it is crucial to reaffirm the edu-
cational value of movement-based experiences, with a particular emphasis on pedagogical
and health-related models to lifespan motor development, catalyzing and nurturing those
cognitive-motor, affective, and relational interconnections that constitute the very essence
of harmonious and holistic development [7,8].

Below, we offer a critical and cross-cutting examination of the contributions, highlight-
ing their innovative contribution to the advancement of research on motor development.

1. The Developmental Ecosystem: Early Determinants and School Dynamics

A central pillar of this Special Issue is the adoption of an ecological paradigm, which
posits that the acquisition of motor skills is inextricably linked to environmental vari-
ables. The study by An and Libertus provides the foundation for this perspective, demon-
strating, through an Integrated Ecological Model, how parental constructs (beliefs, atti-
tudes, and expectations) significantly modulate the very earliest neuromotor trajectories of
the newborn.

This fundamental focus on the developmental ecosystem finds its natural extension
in the context of formal education through the study by Luptédkova et al., which analyzes
the effectiveness of co-teaching models (Team Teaching) in primary physical education
classes. Both studies suggest significant pedagogical implications for driving educational
interventions: the optimization of children’s motor development cannot be separated
from the structuring of qualified learning environments and the training of caregivers
(parents and teachers). To evaluate the effectiveness of such settings, an ecologically valid
psychometric assessment tool was needed. In this regard, lannaccone et al. provide the
cross-cultural validation of the CAPL-2 questionnaire for the Italian children, allowing for
the assessment of Physical Literacy by integrating the performance of motor tasks with
affective-cognitive dimensions, such as motivation and perceived competence.

2. Neurocognitive Synergies: Epistemological Continuity Between Developmental Disorders
and High Performance

The most innovative heuristic approach in this Special Issue emerges from a joint
examination of Han et al.’s review on cluttering and Timea et al.’s controlled trial on ado-
lescent athletes. Although situated at opposite ends of the spectrum of functional abilities,
these studies share a primary neurophysiological focus: the intrinsic interdependence
between executive functions and motor control.

Han and colleagues reconceptualize alterations in verbal fluency not as a mere me-
chanical deficit, but rather as a specific vulnerability in motor—cognitive integration that
manifests under conditions of high executive load. Similarly, Timea et al. address the same
cognitive-motor interface in the context of elite athletic performance: the implementation
of the SmartACT hybrid protocol (integrating mindfulness, cognitive flexibility, and visual-
motor reaction technologies) demonstrates that training in executive functions and the
mitigation of psychological stress are direct predictors of optimized agility and reaction
times. A significant paradigm shift emerges from these findings: the cognitive-motor
interface constitutes the primary target for intervention, whether aimed at supporting
neurotypical development, managing atypical conditions, or enhancing performance.

2 https://doi.org/10.3390/ children13040492
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3. Movement as an Immersive Medium for Inclusion and Systemic Adaptation

A third thematic strand reinforces the view of movement as a vehicle for global adap-
tation, focusing on the quality of the motor experience rather than its mere quantification.
The contributions by Lev-Ari et al. and by Lotan and Weiss, centered on individuals with
Autism Spectrum Disorder (ASD), deconstruct isolated approaches in favor of immersive
ecosystems. The practice of Capoeira (Lev-Ari et al.) and hydrotherapy protocols (Lotan
and Weiss) emerge as complex socio-sensory environments capable of best promoting
postural regulation, balance, and socio-communicative engagement, acting as powerful
inclusive catalysts.

This conceptualization of movement as a promoter of systemic health finds full analyt-
ical support in the study by Monacis et al. Developing both mediation and moderation
models in secondary schoolchildren (aged 11-14 years old), the authors corroborate the
hypothesis that Physical Activity Levels (PALs) act as essential mediators between Body
Mass Index (BMI) and physical fitness development. The key finding is that structured
and consistent physical engagement has the capacity to mitigate the potential functional
limitations associated with excess weight. Underlying these optimization processes is the
need for proper stratification of neuromotor risk: in this regard, the contribution by Pod-
stawski et al. on the use of the Vojta method reaffirms the importance of early identification
of central coordination disorders, an indispensable prerequisite for the timely initiation of
harmonious motor development pathways.

4. Concluding Reflections and Future Research Perspectives

The nine studies presented here confirm that the motor development process must
be investigated as a complex dynamic system, resulting from the continuous interaction
between the organism’s neurobiological constraints, the affordances of the physical and
relational environment, and the task constraints of specific human activities.

In order to improve our understanding of recent advancements in motor development,
future research should focus on the following strategic areas:

1.  Longitudinal and multicenter designs: Tracking motor development trajectories over
the long term and investigating how early determinants and parenting styles predict
adherence to physical activity and motor competence in adulthood;

2. Technology assessment tools: advances in wearable technologies and artificial
intelligence must be leveraged to collect kinematic and behavioral data in real-
world settings, overcoming the inherent limitations of laboratory evaluations and
self-report measures;

3.  Transdisciplinary synergy: promoting a research framework that structurally inte-
grates cognitive neuroscience, movement sciences, and educational disciplines, in
order to validate multi-component interventions that support the well-documented
link between motor skills, executive functions, and emotional domains;

4. Translation into health policy and education paradigms: the robust evidence emerging
from this Special Issue must be translated into stringent policy guidelines, incentiviz-
ing structural presence of movement specialists starting in elementary school and
promoting the integration of inclusive motor experiences (such as adapted martial
arts or aquatic activities) into the Essential Levels of Care (LEAs) and public health
promotion programs.

In closing, as Guest Editors, we want to thank the authors for sharing their research.

We also want to thank the peer reviewers for checking this research; their feedback was
very helpful. We also thank the Editorial Board of Children for always helping us. We think
this collection of research will be very useful for scholars, teachers and the international
academic community.
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Parental Perspectives and Infant Motor Development:
An Integrated Ecological Model

Ran An * and Klaus Libertus

Department of Psychology, University of Pittsburgh, Pittsburgh, PA 15260, USA; klaus.libertus@pitt.edu
* Correspondence: raal22@pitt.edu

Abstract: Infant motor development has traditionally been studied through child-
centered frameworks that often overlook the vital role parents play in shaping early
outcomes. This paper provides a renewed ecological approach, foregrounding parental
perspectives—knowledge, beliefs, attitudes, theories, and expectations—and examining
how they directly and indirectly guide infants’ motor trajectories. Drawing on cross-cultural
evidence, we illustrate how differences in parental priorities and caregiving behaviors
can either accelerate or delay the emergence of crucial motor skills. We also highlight the
reciprocal relationship between parent and child: while parental views shape caregiving
practices, children’s developing abilities and behaviors can, in turn, alter their parents’
perspectives. Building on existing theories, including Bronfenbrenner’s ecological systems
theory and dynamic systems theory, our integrated model situates the parent—child dyad
within broader socioeconomic, cultural, and environmental contexts. This model shows
the dynamic, ever-evolving interplay between parents and children and demonstrates the
importance of aligning parental cognition with targeted interventions to optimize motor
development. By examining how cultural norms, individual experiences, and contextual
factors converge, this paper offers both a theoretical framework and practical implications
for supporting infants” growth. This paper will inform future research by encouraging
parent-focused developmental studies and guiding practitioners to design culturally in-
formed interventions in the field of motor development.

Keywords: motor development; infant development; parental influence; parental beliefs;
parental cognitions; ecological systems theory

1. Introduction

Child development is a multifaceted process that involves a dynamic interplay be-
tween children and their environment. Among the many factors influencing this process,
parents play a particularly profound role in shaping early learning [1]. Researchers have
long emphasized the importance of maternal care during infancy, as the quality of this care
can either facilitate or hinder a child’s development [2]. When infants enter the world, they
are entirely dependent on their caregivers, in many cases, their parents. As a child grows,
parents play multiple roles, including feeding, protecting, educating, disciplining, and
bonding with their children [3]. Through daily interactions, parents shape their children’s
development both directly and indirectly. At the same time, parents also develop a sense of
efficacy in their caregiving roles and establish expectations for their children [4]. Therefore,
a deeper examination of parents’ roles during infancy is crucial for understanding the
complexities of early childhood development.

Children 2025, 12, 724 https:/ /doi.org/10.3390/ children12060724
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One significant and often overlooked component of parental influence is the role of
parental perspectives. In this paper, we use the term parental perspectives as a compre-
hensive concept that integrates a range of cognitive and affective constructs—including
knowledge, beliefs, attitudes, theories, and expectations. While each of these components
has been explored in past literature, there is no single term that adequately captures their
combined influence on parenting behavior, especially within dynamic and culturally di-
verse contexts. We intentionally chose perspectives to reflect the holistic nature of how
parents view development, themselves, and their children. This broader term allows us
to account for both the explicitly held beliefs and tacit assumptions, which collectively
shape caregiving behaviors. These perspectives act as guiding principles, determining
which activities are introduced, how feedback is given, and how much effort is invested
in caregiving [5]. These beliefs are active and evolving, in response to a parent’s own
experiences, cultural background, and direct interactions with their child. Ultimately,
parental perspectives create a framework that guides behavior and helps shape a child’s
developmental journey across multiple domains, including motor skills.

The objectives of this paper are to (1) review the theoretical and empirical literature on
the role of parental perspectives in motor development, (2) identify gaps in the existing
frameworks, and (3) propose a novel integrated ecological model that positions parents as
dynamic agents within child development. We begin by examining the foundational and
contemporary theories that address motor development and the role of parents. Drawing
from this theoretical foundation, we then review the empirical studies on how parental
perspectives, caregiving behaviors, and environmental contexts shape motor trajectories.
Based on the insights and gaps identified in these areas, we introduce a new ecological
model that places the parent—child dyad at the center of the model. Finally, we reflect on
the implications of this model for future research and intervention efforts, emphasizing
the need to recognize parents as active, contextually embedded agents in shaping early
motor outcomes.

1.1. Parental Perspectives in Academic Domains

Research has shown that parental perspectives significantly influence children’s de-
velopmental trajectories. This phenomenon has been primarily studied in the context of
academic achievement. For example, children whose parents value math tend to perform
better in that subject [6,7]. The mechanisms through which parental beliefs shape children’s
math skills are important to understand. One proposed mechanism is that parents’ beliefs
about the importance of math influence the types of activities they engage in with their
children. Studies suggest that parents who place a high value on math are more likely
to engage in math-related activities, such as counting and sorting, with their preschool
and school-age children, thereby promoting their children’s math development [8-12].
Conversely, parental anxiety about their own math abilities is negatively associated with
their children’s math performance [13].

Similar patterns emerge in literacy development. Parents who hold strong beliefs
about the importance of literacy are more likely to provide early literacy experiences [14]
and engage in positive interactions during joint book reading activities [15]. Through these
home literacy practices, parents can foster both reading skills and motivation to read in
their children [16]. Children whose parents believe reading is a source of entertainment
show more interest in reading [17]. More generally, parents” academic expectations and
school readiness-related beliefs contribute to the quantity and quality of parenting practices
and, in turn, influence children’s school readiness [18]. Interestingly, even non-academic
beliefs can influence early learning. For example, parents who emphasize the importance of
play are more likely to support activities that foster creativity, problem-solving, and social-
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emotional skills [19,20]. Additionally, maternal self-efficacy beliefs have been associated
with toddlers’ cognitive outcomes and affection towards their mothers [21].

Collectively, these studies show that parental perspectives, whether specific to aca-
demic subjects or more generally, can shape children’s development by influencing the
behaviors and environments that support learning. While much of this research has focused
on cognitive skills like math and reading, other domains of development—particularly
motor development—have received far less attention.

1.2. Importance of Motor Development

Motor development is critical for children’s overall growth and lays the foundation
for other domains, such as language, social, and cognitive development [22,23]. Children
are intrinsically drawn to move their bodies and discover new motor possibilities. These
skills open new opportunities for children to explore their surroundings and engage in
more social interactions, which in turn influences their further development [24-27].

For instance, the development of reaching skills in early infancy allows children to
grasp and manipulate objects, facilitating object exploration and problem-solving skills [28].
Later, the emergence of locomotion skills, such as walking, enables infants to travel greater
distances, experience new visual perspectives, interact with objects in various ways, and
communicate more with caregivers [29]. This interconnection among motor skills, envi-
ronment, and other domains of development is often explained through the concept of
‘developmental cascades’, where advancements in one area can elicit positive responses
from the environment that promote further development [30,31]. For example, as a child
learns to crawl, their parents may praise and encourage them, which gradually facilitates
language learning and helps them make meaningful connections with their surroundings.
This, in turn, promotes overall development. Therefore, understanding motor development
is essential, as it acts as the building blocks for infant development.

While all infants achieve motor milestones as they grow, caregivers’ support is es-
sential in this process. They contribute by providing physical space, engaging in play,
and creating safe yet challenging environments for their children [3]. Understanding how
parental perspectives influence motor development can reveal insights into these dynamics.
Unlike cognitive domains, motor development research has historically received less atten-
tion regarding parental perspectives, though it is equally vital [23]. To contextualize motor
development within a broader developmental framework, it is necessary to review the
theoretical perspectives that have guided the research in this area. The following section
will evaluate these theories to highlight their contributions and gaps, ultimately building
the foundation for a renewed model. While this model emphasizes the relational and
environmental influences on motor development, we acknowledge that child development
arises from a complex interplay between innate biological factors and contextual experi-
ences. Genetic predispositions and neuromotor readiness also play a vital role in shaping
early motor skills.

2. Review of Theoretical Models

The theories on motor development provide frameworks for understanding how
infants acquire motor skills and interact with their environments. Four prominent theories
provide insights into motor development: the maturational theory, Bronfenbrenner’s
ecological systems theory, Vygotsky’s sociocultural theory, and dynamic systems theory.
Each of these frameworks offers a unique lens.
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2.1. Maturational Theory

Traditionally, motor development has been studied through a biological lens, as exem-
plified by the maturational perspectives put forward by Arnold Gesell and others in the
early 1900s [32-35]. Maturational views have remained popular and found widespread
adoption in therapeutic settings. A key principle of the maturational theories of motor
development is that motor development follows a biologically predetermined sequence of
maturation, and environmental factors are considered to play only a minor role. Accord-
ingly, infants are expected to follow a strict developmental sequence based primarily on
internal readiness, regardless of external stimuli [36]. While this theory provides a founda-
tional understanding of the biological underpinnings of motor development, its biologically
determined view overlooks the significant role of experiences guided by parental engage-
ment [37]. For example, maturational theories fail to explain cross-cultural differences in
infant motor skill attainment [38].

2.2. Dynamic Systems Theory

A second theory that has found widespread adoption in the motor development
literature is the dynamic systems theory. Dynamic systems views address the shortcomings
of maturational perspectives by shifting the focus from fixed developmental sequences
to the complex interplay of biological, environmental, and task-related factors that shape
motor development [39—41]. According to this theory, children’s behaviors are organized
into dynamic patterns that exhibit both stability and flexibility. By emphasizing self-
organization and the adaptive nature of motor skill acquisition, this theory provides a
valuable point of view regarding the complexity of developmental changes. However,
dynamic systems theory has been criticized for its vague conceptualization of systems
and its lack of specificity in identifying the causes of developmental change. This broad
focus can make it difficult to predict or identify specific causal mechanisms [42]. In this
theory, systems are rather abstract entities that exert some influence on a child (also known
as the developing system). However, little attention is paid to these systems themselves.
Specifically, while dynamic systems views acknowledge that parents dynamically and
reciprocally influence their child, the theory does not address the parent’s own behavior,
goals, or beliefs—the dynamic systems theory does not try to explain why the systems act
the way they do.

2.3. Sociocultural Theory

Although not exclusively focused on motor development, other broader theories, such
as sociocultural theory and ecological systems theory, are also relevant. Lev Vygotsky’s
sociocultural theory offers profound insights into how social interactions and cultural
norms shape individual development [43]. A central concept of Vygotsky’s theory is the
Zone of Proximal Development (ZPD), which highlights the difference between what a
child can achieve independently and what he/she can achieve under the guidance of a more
knowledgeable other, such as a caregiver, peer, or teacher. This process of scaffolding allows
children to integrate new knowledge into their existing mental structures. Vygotsky’s
framework emphasizes the importance of social and cultural contexts in learning. However,
the theory may not be universally applicable, as different social groups may employ diverse
learning methods, and each individual’s social experience is unique [44].

2.4. Ecological Systems Theory

While Vygotsky’s theory underlines social interactions and cultural contexts, Urie
Bronfenbrenner’s ecological systems theory provides a more comprehensive view of the
bidirectional influences of the environment on child development. The ecological systems
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theory [45-47] complements other theories by situating the child within a complex system
of relationships across multiple environmental levels. These interconnected systems range
from the immediate family and close friends (microsystem) to broader cultural and societal
influences (macrosystem). The exosystem, mesosystem, and chronosystem provide addi-
tional layers that contribute to a child’s upbringing. Despite its wide application, ecological
systems theory has faced some criticism. For instance, some scholars have argued that
culture is deeply integrated into daily activities and should not be placed in a separate,
distal system [48].

Despite the theoretical advancements, gaps remain in understanding the role of
parental perspectives in infant motor skill development. The ecological systems theory and
sociocultural theory may not fully apply to all social groups, as caregiving practices and
interactions between parents and children can vary widely across cultures and communities.
Therefore, the dynamics between parents and children can differ significantly, limiting the
universality of these theories. Moreover, while these theories provide valuable insights,
they are not specifically tailored to motor development during infancy. Factors, such as
school and peers, may not be applicable.

In terms of the theories that do focus on motor development, the maturational theory
neglects the influence of environmental factors, suggesting that development is driven
primarily by internal biological processes. On the other hand, the dynamic systems theory
acknowledges the role of environmental variables, but its vague conceptualization of
systems and subsystems makes it difficult to apply to specific contexts. Most importantly,
all of the previous theories position the child at the center of the developmental model.
While this perspective is critical, it has failed to look into the essential role that parents play,
especially during infancy.

2.5. Other Theories

Although our model is grounded in behavioral and ecological perspectives, we ac-
knowledge that theories, such as Neuronal Group Selection Theory (NGST), offer a comple-
mentary neurobiological perspective. NGST proposes that motor development involves the
selection of efficient neural networks through a process of variation and experience-driven
adaptation [49,50]. Although NGST is more focused on internal neurodevelopmental pro-
cesses, its emphasis on variability and experience aligns broadly with our model’s attention
to contextual influences. While NGST offers an important framework for understanding
motor variability at the neural systems level, it is beyond the scope of this paper.

Similarly, the Developmental Niche framework [51,52] has informed the structure
of our ecological layer. This model highlights how a child’s development is shaped by
three interrelated systems: the physical and social settings of the child, the culturally
structured caregiving practices, and the caretaker’s psychology. While this framework
offers a culturally grounded lens and emphasis on the child’s developmental context,
including their parents, it does not focus specifically on observable child behaviors as
developmental outcomes. Our model builds upon this framework by integrating its
cultural and relational components into a system that centers the parent—child dyad and
explicitly links parental perspectives, behaviors, and child motor development within an
ecological structure.

3. Review of Empirical Studies

The empirical research provides valuable insights into the mechanisms through which
parental perspectives and behaviors influence infant motor development. Prior research
examining whether and how parental perspectives may influence child development
can be categorized into explicit parental perspectives, implicit caregiving behaviors, and
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intervention-driven changes. Together, these studies illuminate the pathways by which
parental perspectives shape behaviors, how these behaviors directly impact motor out-
comes, and how contextual factors influence both perspectives and practices.

3.1. Explicit Assessments of Parental Perspectives on Motor Development

The research on explicit parental perspectives provides a window into how parents
conceptualize motor development and the ways these conceptualizations shape their care-
giving behaviors. Parental perspectives are influenced by cultural norms, socioeconomic
conditions, and personal experiences, creating significant variability in the practices that
ultimately affect infant motor outcomes. However, research that focuses on parental per-
spectives in the motor development domain remains scarce. The few studies that have
focused on the role of parental perspectives have been completed mainly outside of the
United States.

In Brazil, the research has shown that parental attitudes toward motor development
can shape parenting practices and infant outcomes. For example, Gomes et al. [53] asked
parents about their beliefs and practices. It was observed that parents exhibited different
approaches based on their beliefs. Parents who valued motor stimulation were more likely
to actively encourage motor stimulation, offering toys and spending time on the floor
with their children to practice sitting and walking. Additionally, a more recent study by
Graciosa et al. [54] demonstrated that parents who viewed motor development as a natural
process tended to have children with later-emerging independent walking skills. Together,
these two studies show that parental beliefs or practices may accelerate or slow down
motor skill development.

In England, a series of studies by Hopkins & Westra [55,56] compared Jamaican
mothers living in England with their English counterparts. The results of these studies
revealed surprising contrasting patterns. The Jamaican mothers expected their children to
achieve sitting and walking earlier than the English mothers. These expectations were quite
accurate, as the Jamaican infants did reach these milestones earlier. Interestingly, 3 English
infants progressed from sitting to walking without having crawled, while 12 Jamaican
infants achieved walking alone without crawling. These observations may be related to
differences in beliefs. The Jamaican mothers viewed sitting and walking as significant steps
toward independence and success, whereas crawling was seen as primitive and hazardous.
These views were not held by the British mothers, resulting in different motor development
trajectories across the two groups.

In Isreal, infants have been observed to reach certain motor milestones earlier than their
American peers, while Dutch infants tend to reach them later [57,58]. These developmental
differences correspond with the distinct parental beliefs and caregiving strategies in each
culture. Israeli parents tend to place significant importance on motor development and
often engage in stimulating practices, such as prone positioning and floor play. In contrast,
Dutch parents generally emphasize rest, regularity, and allowing development to unfold at
a child’s own pace. These patterns have been confirmed by recent cross-cultural research,
which identified two contrasting cultural models of parenting beliefs: one emphasizing
active facilitation as a parent in Israel, and the other prioritizing autonomy and supportive
caregiving in the Netherlands [59,60]. Together, these findings highlight how observed
developmental outcomes are shaped by underlying parental belief systems and broader
cultural values.

The research on several African communities provides additional context. In these
communities, infants often achieve motor milestones significantly earlier than their Amer-
ican and European counterparts [61]. This advancement is often attributed to broader
societal factors. In these communities, motor skills are often encouraged from an early age,
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with parents employing hands-on methods to promote skills like sitting and standing [62].
For example, Yoruba mothers have reported that the age at which babies attain motor
milestones depends on how they are reared. Some mothers have even suggested that chil-
dren will not achieve these milestones without active teaching. These beliefs are coupled
with cultural traditions. Yoruba caregivers often prop infants into sitting positions and
place them in cardboard boxes or basins, believing these practices help foster independent
sitting [63].

The reviewed studies highlight the significant variability in parental beliefs and
behaviors, not only across cultures but also within them, revealing the complexity of the
relationship between caregiving practices and motor development. In Brazil, the research
demonstrates that even within the same cultural context, parental attitudes toward motor
development can vary widely. Some parents actively promote motor stimulation, engaging
in practices, such as floor play and the use of toys, to encourage sitting and walking [53].
In contrast, others adopt a more hands-off approach, viewing motor development as a
natural process that unfolds without the need for direct intervention [54]. These differing
perspectives align with distinct caregiving strategies and are potentially associated with
variations in the timing of motor milestones, such as the emergence of independent walking.
Cultural contrasts across countries further emphasize the influence of parental values
on caregiving practices. Jamaican mothers prioritize sitting and walking, connecting
these milestones with independence and maturity, while Israeli parents emphasize prone
positioning to encourage the development of early physical skills [55-57]. In contrast, Dutch
parents adopt a self-paced developmental philosophy, linked with a slower attainment of
motor milestones [58]. These studies collectively reveal the nuanced relationships among
parental perspectives, caregiving behaviors, and motor outcomes, demonstrating variability
both within and across cultural contexts. They raise important questions about the factors
that influence these relationships and challenge assumptions of uniformity in caregiving
practices and beliefs, even within a shared cultural framework.

3.2. Implicit Assessments of Parental Perspectives on Motor Development

While explicit assessments provide insights into the indirect influences of parental
perspectives, implicit assessments reveal the direct connections between caregiving prac-
tices and motor development. These studies often examine how parenting behaviors,
shaped by cultural values and societal norms, impact infants” motor trajectories. Although
these practices may not always reflect consciously articulated beliefs, they provide critical
information about the parent—child dyad.

Research conducted in Kokwet highlighted how societal norms shape proactive care-
giving. Super [64] observed that over 80% of mothers reported actively teaching their
children skills, such as sitting and standing, demonstrating a deeply embedded cultural
emphasis on fostering motor development. Similarly, in Zambia, parents engage in cul-
turally specific techniques to encourage motor skills, such as tossing infants to increase
their arousal and muscle tone or placing them in slings to promote postural stability [65,66].
These practices are associated with advanced skills, such as sitting and standing, but with
delayed crawling compared to Euro-American infants, reflecting differing cultural values
about which motor milestones are prioritized. In contrast, Euro-American parents view
crawling as an essential milestone, linking it to early locomotor ability, autonomy, and envi-
ronmental mastery [67]. To promote these abilities, they encourage independent locomotor
efforts and reinforce quadrupedal movements [38].

The delayed development of certain skills due to caregiving practices is another theme
in implicit assessments. For instance, in rural Chinese communities, parents often do not
emphasize motor milestones and engage minimally in interactive play with their infants.

11
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Wang et al. [68] observed that this lack of emphasis is associated with delayed motor skills
and other developmental domains, suggesting that parental behaviors significantly influ-
ence developmental outcomes. A more striking example comes from Tajikistan, where the
use of the “gahvora”—a traditional cradle that binds infants for prolonged periods—limits
movement and leads to delayed milestones, such as crawling and walking [69,70]. In a
recent comparative study, Wang et al. [71] extended these findings by examining motor
restriction and infant locomotion in three culturally distinct societies: Tajikistan, Aka, and
Tanna. They found that infants in Tajikistan experienced the longest durations of physical
restriction due to cradle use, while Aka and Tanna infants were given far more opportuni-
ties to move around their neighborhoods and explore. Altogether, these findings illustrate
how implicit caregiving practices, informed by cultural traditions, can both nurture and
constrain opportunities for movement.

Within-cultural variations in parenting behaviors provide additional insights. In the
United States, the “Back to Sleep” campaign, which promoted supine sleeping to reduce
sudden infant death syndrome (SIDS), led many parents to restrict the use of prone sleeping
positions [72]. Davis et al. [73] found that this shift was associated with delayed motor
milestones, such as rolling and crawling. However, infants who regularly participated in
tummy time or were placed in prone positions during waking hours demonstrated signifi-
cantly higher locomotion scores [74]. These findings suggest that while parental practices
may not always explicitly prioritize certain motor activities, these implicit decisions have
measurable effects on infants” motor development.

Cultural priorities regarding motor milestones also highlight the variability in implicit
caregiving practices. For example, in Euro-American families, where crawling is viewed
as a critical developmental step, parents may unconsciously encourage behaviors that
facilitate independent mobility. Conversely, in communities where early sitting or standing
is emphasized, practices like tossing or propping infants reflect an implicit belief in the
importance of fostering postural control and balance.

Altogether, these examples demonstrate that caregiving practices are shaped by cul-
tural values, societal norms, and individual parenting strategies. They show how parental
behaviors influence motor trajectories by creating opportunities or imposing limitations.
While these behaviors may not directly reflect parents’” conscious perspectives, they pro-
vide a valuable lens for understanding how implicit priorities and beliefs drive caregiving
decisions and, consequently, infant development.

3.3. Research on Intervention Programs for Parents Points to Changes in Parental Behaviors

Intervention programs provide critical insights into how parental perspectives and
behaviors can be influenced to support infant motor development. These programs target ei-
ther the explicit and implicit aspects of parenting by addressing parental beliefs, modifying
caregiving practices through structured activities, or fostering new skills. By engaging par-
ents as active participants, interventions highlight the mechanisms through which parent-
focused approaches can foster both immediate and long-term developmental outcomes.

Programs designed to explicitly modify parental perspectives demonstrate how
changes in beliefs can influence caregiving behaviors and child outcomes. The New-
born Individualized Developmental Care and Assessment Program (NIDCAP) exemplifies
this approach. By educating parents about infant behavioral cues and caregiving tech-
niques, the NIDCAP aims to reduce parental stress and enhance parent-infant interactions.
Participants have reported improved confidence in interpreting their infant’s needs and
greater adaptability in caregiving strategies, leading to better motor outcomes for their
children [75]. Another program by Moxley-Haegert and Serbin [76] supports this notion. In
this study, a home treatment program was implemented to help developmentally delayed
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children. The caregivers who received parent education were more knowledgeable and had
a better understanding of their children’s development than the no-education control group.
Their children also had better motor outcomes as well. Moreover, at the follow-up visit a
year later, the caregivers who received education participated more in treatment programs
and were more motivated than those in the control group. Their children also showed
continued advancement in their motor skills. These changes seemed to be long-lasting,
demonstrating the benefit of support and education for parents.

The implicit influences on parental perspectives that indirectly shape behaviors have
been observed in both clinical and non-clinical settings. Clinical programs targeting infants
at risk of developmental delays have demonstrated the importance of parental involvement
for achieving positive outcomes. For instance, interventions emphasizing motor-enhancing
exercises rely heavily on parents” active participation, and studies have shown that greater
parental involvement correlates with improved motor milestones [77,78]. These findings
suggest that interventions not only improve infant outcomes but also enhance parents’
understanding of their role as facilitators of development. Importantly, parents involved
in such programs have often reported lasting changes in their caregiving behaviors, even
after the intervention concluded [79].

Non-clinical interventions illustrate the transformative potential of parent-led prac-
tices integrated into daily routines. For example, Lobo and Galloway [80] demonstrated
that parents trained in enhanced handling and positioning techniques for three weeks
observed significant improvements in their infants” gross and fine motor skills. Similarly,
“sticky mittens” interventions, where parents guide infants in enriched reaching sessions,
resulted in increased manual exploration, better coordination, and stronger parent-infant
engagement [81,82]. These interventions influence parental behaviors by embedding mo-
tor skill practices into naturalistic interactions, ensuring that the changes are practical
and sustainable.

The mechanisms driving changes in parental perspectives and behaviors are multi-
faceted. Education programs directly influence explicit beliefs by equipping parents with
knowledge about developmental processes and caregiving techniques. For instance, by
learning the importance of tummy time or handling exercises, parents may adopt more
structured motor-stimulating behaviors. Behavior-focused interventions rely on experi-
ential learning, where parents see tangible improvements in their child’s development,
reinforcing the value of their caregiving practices. These experiences create positive feed-
back loops, where successful engagement strengthens parental confidence and commitment
to motor-focused caregiving.

Whether these changes last depend on several factors, including the intensity and
frequency of the intervention, the support available to parents post-intervention, and how
well the practices align with parents’ cultural and ecological contexts. Studies like those by
Lobo and Galloway [80] have demonstrated that when interventions are integrated into
daily routines and supported by follow-up resources, parents are more likely to sustain the
changes over time.

Collectively, these examples illustrate that interventions targeting both parental per-
spectives and behaviors can influence caregiving practices and create lasting impacts on
infant motor development. By providing parents with practical skills, reinforcing positive
outcomes, and addressing cultural and contextual factors, these programs equip families
with the tools necessary to sustain nurturing caregiving environments.

4. New Integrated Model

While the existing theories and empirical studies offer valuable insights into motor
development, significant gaps remain in understanding how parental perspectives dy-
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namically influence caregiving behaviors and motor outcomes within diverse ecological
contexts. The existing theoretical models, such as Bronfenbrenner’s ecological systems
theory and dynamic systems theory, recognize the importance of environmental and in-
teractive factors, but they often overlook the active role of parents, particularly how their
beliefs and behaviors dynamically influence motor outcomes. These frameworks lack
an integration of parental perspectives as the central agents of developmental change,
especially during infancy.

To address the existing gaps, we propose a new integrated model that situates the
parent—child dyad within an ecological framework, emphasizing the dynamic interplay
among parental perspectives, parental behaviors, and infant motor development (see
Figure 1). By consolidating the existing theories, the model is structured around three core
components: parental perspectives, parental behaviors, and children’s behaviors. These
interactions are embedded within an ecological layer that represents the unique contexts of
both parents and children. This structure is conceptually informed by the Developmental
Niche framework [51,52], which identifies the physical and social settings of the child,
culturally regulated caregiving, and caregiver psychology as the key organizing systems in
development. Our model draws on these subsystems but departs from the Developmental
Niche framework by placing a stronger emphasis on parental perspectives as active drivers,
and by focusing explicitly on motor behavior as a developmental outcome.

Parent’s
Behaviors
Parent’s Ecological Child’s
Perspectives Influences Behaviors

Figure 1. Integrated model of parent—child dyad in motor development. Note: This figure illustrates
the new integrated model that places the parent—child dyad within an ecological framework, em-
phasizing the dynamic interplay among parental perspectives, parental behaviors, and children’s
behaviors. It highlights the evolving nature of these interactions and demonstrates the importance of
environmental contexts in shaping motor outcomes.

The model recognizes that parental perspectives and behaviors evolve through in-
teractions with their children and their broader environment. It also draws attention to
the importance of cultural and socioeconomic contexts in shaping these perspectives and
practices, providing a comprehensive understanding of how parents influence their chil-
dren’s development. By focusing on the reciprocal nature of the parent—child dyad and
the contextual factors that shape these interactions, this model offers new insights into the
mechanisms through which parental perspectives affect motor outcomes.

14
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Model Components

At the heart of this model are parental perspectives—a wide range of cognitive con-
structs that parents hold regarding their children, themselves, the course of development,
and child-rearing practices. These perspectives encompass knowledge, beliefs, attitudes,
theories, and expectations. The existing research has explored aspects of parental perspec-
tives under the term “parental cognitions”, which refers to parenting knowledge, beliefs,
expectations, perceptions, and satisfaction [5,83]. Parents acquire information about child
development through their daily experiences, such as babysitting siblings; through commu-
nicating with others, such as friends and family; and through education, such as parenting
classes. For example, when a father sees his daughter turning her head side-to-side, he
may know that she is hungry because he learned this from a parenting book. Additionally,
parents form beliefs, theories, and ethnotheories [84] based on their own experiences,
cultural backgrounds, and interactions with their children. For instance, a parent who
experienced physical play during childhood may believe that physical play is essential for
child development. Parents also develop expectations regarding their children’s develop-
mental milestones. For example, a mother may expect her daughter to start walking around
12 months based on observations of other children. These perspectives guide parental
behaviors, which, in turn, influence children’s behaviors (see Figures 2a and 3a). Our
model builds on the previous literature by unifying these constructs under the umbrella
of parental perspectives to better capture their interaction with infant development and

environmental contexts.

a) 20 Months 4 Years 10 Years

T [ [rmeen [ e |

Figure 2. Illustrations informing the integrated framework. Note: This figure presents four illus-
trations that inspired the development of the proposed integrated framework. (a) is taken from
Bornstein and colleagues [5], and demonstrates how parental cognition shapes parenting practices,
which in turn influence child outcomes. (b) is taken from Iverson [30], and illustrates the develop-
mental cascade model, where a child’s motor development influences their surroundings, including
parental behaviors. (c) is taken from Bronfenbrenner’s ecological systems theory [45], and situates a
child within a series of systems, from immediate family to broader societal norms, all of which impact
the child’s development bidirectionally. Finally, (d) is taken from Vélez-Agosto and colleagues [48],
and includes the revised ecological model, which moves cultural factors into the microsystem. These
models together serve as the theoretical foundation for the proposed model.
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Figure 3. Components of the integrated model and ecological influences. Note: This figure series
builds cumulatively to depict the integrated model. Each subfigure (a—d) introduces a distinct
element, clarifying how parental perspectives, behaviors, child behaviors, and ecological context
interact progressively. (a) shows how parental perspectives shape parental behaviors and indirectly
influence children’s behaviors. (b) reveals the direct impact of parental behaviors on children’s motor
development not directed by their perspectives. (c) focuses on children’s behaviors, emphasizing the
reciprocal nature of the parent—child relationship, where children’s actions can influence parental
behaviors and perspectives. (d) introduces the ecological layer, which is unique to each parent—child
dyad, illustrating how these broader environmental contexts affect them.

Parental behaviors refer to the actions, responses, and methods parents use in child-
rearing. These behaviors are shaped by parents” knowledge, theories, attitudes, and
beliefs [85]. For example, when a father sees his hungry daughter turning her head, he
draws from his knowledge and responds by feeding her. A mother who believes motor
stimulation is beneficial might reinforce tummy time with her son. Parents” expectations
also influence how they interact with their children. For example, a mother who expects
her child to walk early may provide more opportunities to practice walking. It is also
important to note that parental perspectives do not always align with actual practices. A
father may believe screen time is harmful for motor development while allowing his child
to watch TV due to exhaustion. Nevertheless, parental behaviors play a crucial role in
shaping children’s motor development (see Figure 3b).

Children’s behaviors in this model refer to the observable motor actions that infants
display through their interactions with caregivers and their environment. These behaviors
include both immediate reactions to parental actions and the motor skills that develop
over time. For instance, children whose parents encourage sitting may acquire sitting skills
faster, and those whose parents restrict walking may develop walking skills slower. Due to
the reciprocal nature of parent—child dynamics, children’s behaviors can also influence their
parents’ behaviors and perspectives (see Figures 2b and 3c). While traditional models have
viewed the child as a passive recipient of parental guidance, this model aligns with the
concept of bidirectional influences between parents and children, as described by Relation
Developmental Systems-Based models [86]. Our model also draws from Piaget’s and
Gibson’s notion of children as active learners. Ref. [87] suggested that infants explore and
experiment with motor actions to construct knowledge about their abilities and every-
thing around them. Similarly, ref. [88]’s theory of perception emphasized that children
are attuned to environmental cues, learning from the opportunities their surroundings
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provide. Together, these works indicate that children actively shape their own motor
development through exploration, creating a feedback loop where their actions elicit mean-
ingful responses from their caregivers. This bidirectional process also reflects the concept
of developmental cascades, where a child’s motor development sparks environmental
responses, further shaping growth [30]. For example, if an infant does well during tummy
time, the parent may continue the activity, which may alter the parent’s perception of their
child’s abilities.

Parents and children alone do not fully encapsulate the complexity of child develop-
ment. Integrating an ecological layer is crucial to account for the additional factors that
affect this process. Drawing from Bronfenbrenner’s ecological systems theory [45] and
its revised version [48], we propose that parental perspectives, parental behaviors, and
children’s behaviors are embedded within an ecological layer (see Figures 2¢,d and 3d).
This layer includes, but is not limited to, factors such as neighborhoods, extended families,
community networks, social trends, cultural contexts, public policies, socioeconomic status,
and life events. More importantly, contemporary ecological factors, such as increased
screen time, dual-working parents, shifting parenting norms, and access to developmental
information through digital platforms, also shape parents, making them important con-
textual variables in modern motor development. These factors are incorporated into a
flexible and inclusive ecological layer, acknowledging that not all families engage with
every factor in the same way. These ecological factors influence parenting through a variety
of mechanisms. For example, cultural norms shape what behaviors are encouraged or
discouraged (e.g., prioritizing walking vs. crawling), while education systems and access
to information affect parents’ knowledge about developmental milestones. Social support
networks—including extended family or community groups—can provide reinforcement
or challenges to parents’ child-rearing practices. Socioeconomic conditions may limit or
expand the physical space, time, or safety available for motor play. Even national health
policies or campaigns (such as supine sleep recommendations) can unintentionally alter
daily caregiving routines. These contextual forces do not operate in isolation; they often
interact with each other and with parents” own experiences to shape the perspectives they
hold and the behaviors they enact. Thus, the ecological layer in our model functions not
only as a backdrop, but as a dynamic set of influences that help explain the variability in
parental decision-making across cultural and socioeconomic contexts.

The relationships among parental perspectives, parental behaviors, and children’s
motor development are conceptualized as correlational, dynamic, and bidirectional. Rather
than assuming fixed causal pathways, our model highlights how these components mu-
tually influence and reflect one another over time. These patterns unfold within broader
ecological contexts, which shape and are shaped by the parent—child dyad. We do not claim
that any of the model components directly determine motor outcomes. Instead, we propose
that they are associated with and play an important part in infant motor development.
This framework is testable using correlational and longitudinal designs, such as studies
examining whether specific parental perspectives are associated with variations in motor
milestones over time. While not prescriptive or predictive, the model offers a structure
for generating empirically grounded questions about how parent and child factors inter-
act within complex ecological systems. A comparative table of the proposed model and
previous models can be found below (see Table 1).
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Table 1. Comparison of our model with previous models.

Maturational Dynamic Sociocultural Ecological Proposed
Feature Integrated
Theory Systems Theory Theory Systems Theory
Model
Biological Interplay of Social interaction Mt%ltllayered Parent—c?hl!d
. ; . environmental dyad within
Central Focus ~ maturation of the internal and and guided . .
. . influences on the ecological
child external systems learning .
child context
Peripheral “More
P § . knowledgeable One of many Active, reflective
. minor Implicit part of p . . .
View of Parent . other”, but microsystem agent influencing
environmental the system
. secondary to agents development
influence .
child
Reciprocal,
Mechanism of Gengtlcally .Self— Scaffolding S}.ISt.eml.C and N volving
Change driven organization and within ZPD bidirectional influence
maturation adaptation influences situated in the
context
Parental
Perspectives No No Limited Indirectly diiirtllt;a(i:frilr?e d
Addressed
o o Specifically
Applicability toYes, b.u t 11m1ted Yes, but concept Not Not designed for
Motor to biological . (o . .
is too abstract motor-specific motor-specific infant motor
Development factors
development
Blldnl Eic‘:;ocr;al No Yes Yes Yes Yes
Assumes Context-
. universal Includes sensitive and
Accounting for . . Acknowledges . . N o
et o biological Cultural learning  multiple systems,  individualized;
Variability in context, but lacks . .
sequence; e varies, but often but model is adapts to each
Developmental o specificity in . . LR
minimal L child-centered generalized family’s unique
Context application .
contextual across groups ecological
sensitivity environment

Note: This table compares the key characteristics of the major developmental theories—maturational theory,
dynamic systems theory, sociocultural theory, ecological systems theory—with the proposed model. It highlights
the distinctive features of each framework across several dimensions, including their focus, treatment of parental
roles, mechanisms of change, inclusion of parental perspectives, applicability to motor development, model
direction, and considerations of varied developmental contexts.

5. Discussion

The proposed integrated model for understanding infant motor development provides

a comprehensive framework that addresses parental perspectives, parental behaviors, and

child behaviors within an ecological context. By emphasizing the evolving, reciprocal

interactions among these components, this model offers a holistic perspective on the factors

that influence motor development during infancy.

5.1. Summary of Proposed Model

Central to this model are parental perspectives, which play a key role in shaping how

parents interact with their children and the behaviors they adopt. These perspectives also
determine the opportunities and support children receive for motor development. Impor-
tantly, parental perspectives are not fixed; they change as parents gain new experiences,
insights, and as they respond to their children’s behaviors. These shifting perspectives, in
turn, guide their actions and practices.
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Equally important are children’s behaviors, which encompass the observable motor
actions and reactions that emerge as they engage with their environment and caregivers.
These behaviors are influenced by parental perspectives and actions but also affect how
parents respond. This aligns with developmental theories that have pointed out the
active role children play in shaping their own development [87,88]. Rather than viewing
parent—child interactions as a one-way process, this model highlights the cyclical nature
of these exchanges, where children’s actions continuously inform parental behaviors and
beliefs [86].

The proposed model is also unique as it places parents in the inner circle, examining the
factors influencing their perspectives and behaviors. Such an approach not only highlights
the critical role parents play during infancy but also provides a deeper understanding
of why parents engage in specific parenting behaviors. This understanding can inform
targeted interventions, enabling us to better help parents so that they, in turn, can better
support their children.

The ecological layer integrates various contextual factors into a flexible framework,
recognizing that each family operates within a unique set of circumstances. As societal
conditions evolve, so too do the environments that influence motor development. By incor-
porating elements of prior theories, this model underlines the changing nature of children’s
developmental contexts, while accounting for the distinct challenges and opportunities that
families encounter [45,48]. Ultimately, the interactions among parents, children, and their
surrounding environment jointly craft parenting practices and developmental outcomes.

5.2. Implications for Research and Practice

The integrated model has significant implications for both research and practice. Re-
searchers can use this model to design studies that capture the complexity of environmental
influences on motor development, employing methodologies that account for the interac-
tions among different contextual factors. Observing and documenting changes in motor
behaviors within various contexts will provide valuable insights into the developmental
process and offer a clearer understanding of motor skill acquisition.

For practitioners, this model can guide the development of interventions that address
multiple layers of influence, from direct parent—child interactions to broader community
and societal supports. By focusing on enhancing parental perspectives and behaviors,
interventions can create supportive environments that foster motor development. Under-
standing the unique circumstances of each family can also inform culturally sensitive and
contextually relevant approaches.

5.3. Limitations and Future Directions

Despite its contributions, the model has a few limitations. It is based on correlational
patterns and does not establish causal mechanisms. While this reflects the complexity of
real-world development, it also limits its predictive precision. Additionally, the model
does not explicitly account for factors, such as parental mental health, child temperament,
and child genetic/innate processes, that may moderate or mediate parent—child dynamics
and influence child motor outcomes. Its applicability to high-adversity contexts—such
as children who are cared for by caregivers other than their parents—may be limited.
Further, while it centers on parental perspectives and behaviors, it does not yet incorporate
children’s own beliefs, which may be relevant in older age groups and should be addressed.

The primary focus of the current review and proposed model is on motor develop-
ment during infancy. However, the proposed model does not need to be limited to the
motor domain. Examining the applicability of our proposed model to other developmental
domains would be beneficial and should be entertained in future research. Further, lon-
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gitudinal studies examining how parental perspectives evolve over time and how these
changes correlate with children’s motor trajectories would enhance our understanding of
the reciprocal nature of child—parent interactions over time.

Finally, another important direction for future work involves understanding where
parents’ perspectives come from. One source is formal parenting education, which varies
across countries and systems. A recent analysis by Lobo et al. [89] compared publicly avail-
able parent education materials and found that motor development was discussed quite
often, yet the content varied by country. Future research should explore how their content
and other parenting resources influence caregivers and, in turn, infants” motor behaviors.

6. Conclusions

Parental perspectives and behaviors shape and influence a child’s development across
domains. However, research on the impact of parental perspectives or behaviors on infant
motor development remains rare. This may be due to the lack of a theoretical model that
focuses on how parental perspectives and behaviors within a specific ecological context
act to shape infant motor behaviors and development specifically. To address this gap, we
propose a new holistic model centered on infants” observable motor behaviors and explicitly
include parental perspectives and behaviors as factors shaping motor developmental
outcomes. In contrast to prior models, the proposed model separates parental beliefs
from their behaviors, situates parent—child interactions within a larger ecological context,
and includes bidirectional relations between infant behavior and both parental beliefs
and behaviors. We hope that the proposed model will be applied to prior research and
will generate new hypotheses for future research on the complex factors shaping infant
motor development.
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Highlights:
What are the main findings?

e No single configuration proved statistically superior across all groups; however,
models including a PE specialist achieved the strongest within-group gains in both
motor competence and self-perceived physical literacy.

e  More frequent participation in organized out-of-school physical activity was signifi-
cantly associated with higher basic motor competence.

What are the implications of the main findings?

e  The Generalist Teacher + Coach model presents a paradox (improved motor skills but
negatively impacted self-perceived physical literacy); therefore, PET-involved team
teaching is recommended at the primary level for reliable gains in both objective motor
skills and physical literacy self-perceptions.

e  Objective motor competence and self-perceptions are positively correlated but capture
distinct dimensions; effective physical literacy policy requires measuring both the
objective skill and the affective domain.

Abstract: Background/Objectives: To address the inconsistent provision of specialist
physical education (PE) in primary schools, this study investigated the comparative efficacy
of distinct team teaching configurations. The objective was to compare these instructional
models” impact on students” basic motor competencies (MC) and self-reported physical
literacy (PL). Methods: This cluster-randomized trial involved N = 266 students (grades
1-4) in Slovakia, assigned to one of five instructional models (PE teacher; GT+PET; PET+AT;
GT+C; and GT+AT). The five-month intervention included two 45 min PE lessons weekly.
Given the cluster design and non-normal data, the Wilcoxon singed-rank test and Kruskal-
Wallis H-test were applied to assess the differences, and Cohen’s r was applied to determine
effect size. Results: Comparative analysis showed no significant differences across teaching
models for Self-Movement (p = 0.544), Object-Movement (p = 0.138), or PL (p = 0.219).
Significant within-group MC gains were found in 4 teaching models, yet the practical effect
size was generally weak to moderate (r ranging from 0.21 to 0.69). The strongest practical
improvement was observed in the AT+PET Self-Movement group (r = 0.69). In contrast,
the GT+PET configuration achieved no significant MC gain. For PL, only the AT+PET and
GT+PET models showed significantly positive but moderate changes (r = 0.32 and 0.37).
Conversely, the GT+C model resulted in a moderately significant decline in PL (A = —9.16,
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r = 0.43). A positive but practically weak correlation emerged between the MC subscales
and PL (p ranging from 0.135 to 0.238, p < 0.05), with the highest limited association
for Catching (p = 0.377, p < 0.01). The frequency of organized out-of-school physical
activity was positively correlated with MC subscales (p = 0.195-0.282, p < 0.01) but not
significantly correlated with PL. Conclusions: No single teaching model proved superior
for improving overall motor competence or self-perceived physical literacy. While most
effective configurations yielded moderate practical gains, the GT+C model presents a key
paradox: while effective for objective skills, it proved detrimental to self-perceived physical
literacy. These findings lead to explicit policy and implementation recommendations
focused on strengthening collaborative instruction. Policymakers should consider strategies
to support the integration of specialist PE teachers (PETs), such as establishing co-teaching
as a recommended practice and allocating dedicated resources for funding and collaborative
planning time to leverage the specialized knowledge they bring. Furthermore, schools
are encouraged to focus on the effective implementation of PET-involved team teaching
approaches (e.g., AT+PET and GT+PET). These models are not only effective but also
support the co-professionalization of the generalist teacher, which is essential for ensuring
that high-quality, evidence-based PE practices are consistently embedded.

Keywords: physical education; team teaching; motor competence; physical literacy; primary
school

1. Introduction

The concept of team teaching (also known as co-teaching or tandem teaching) is a
collaborative instructional model in which two professionals instruct students in a single
setting, based on mutual goals and shared responsibility [1-3]. Recognized as a component
of educator professionalism, this partnership enhances instructional choices and promotes
“activating learning” [4-6], offering richer learning experiences, increased curriculum ac-
cess, and more personalized attention, fostering an inclusive culture [7-12]. The approach
has gained significant traction in primary Physical Education (PE) internationally [13-18].
This shift is fueled by widespread concern that generalist teachers (GTs) are often inade-
quately equipped to deliver high-quality PE, citing insufficient knowledge of basic motor
skills and inadequate training for progressive motor development [14,19-24]. This deficit
is critical, as teacher competence is the strongest predictor of PE lesson quality and student
outcomes [25,26]. Consequently, policymakers are increasingly turning to team teaching
arrangements involving trained PE specialists (PETs) to ensure evidence-based pedagogical
approaches [17,18,27-29], which in primary PE often takes the form of a “generalist plus
one” [13,30].

Crucially, however, there is a methodological issue regarding the frequent confla-
tion of “coach” and “specialist”, underscoring a vital distinction in expertise that affects
instructional outcomes [31,32]. While perceptual evidence supports the value of specialist-
involved team teaching, citing increased physical activity and student motivation [16,33,34],
the overall effectiveness of various configurations remains inconclusive due to a persis-
tent “empirical information deficit” [35,36]. Therefore, rigorous experimental designs are
required to compare the impact of different expert-driven models on student develop-
ment [37]. To fully address this gap, it is vital to establish the key outcome variables for
student development. The first variable, basic motor competencies (MC), also known as
Actual Motor Competence, refers to the ability to skillfully perform physical skills and
movement patterns [38]. MC is critical, as low motor skill competence may make a child
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less inclined to participate in physical activities. However, MC alone is insufficient to de-
scribe lifelong engagement with physical activity, leading this study to also assess Physical
Literacy (PL), which is a broader construct encompassing motivation, confidence, physical
competence (MC), knowledge, and understanding to value and take responsibility for
engagement in physical activities for life [38].

The self-reported PL measure is used to capture the subjective dimension of physical
literacy, which includes Perceived Motor Competence alongside affective and cognitive
domains. This relationship is complex and often weak, particularly at a young age, as
the ability to accurately perceive motor competence increases with grade [38]. The low
to moderate agreement between objective and perceived competence [39] highlights the
necessity of measuring both domains. Specifically, we focused on the self-reported domains
of PL because these dimensions—such as motivation and confidence—are hypothesized to
be strongly and directly influenced by the instructional behavior and feedback provided
within diverse team teaching configurations. It is acknowledged, however, that self-
report measures are inherently limited by potential social desirability bias and subjective
interpretation, necessitating their use as a complement to, rather than a replacement for,
objective assessment.

The current study addresses the critical gap by employing a comprehensive quasi-
experimental design to compare a broader range of instructional models, including those
with varying levels of specialization and co-teacher roles, against a single PE teacher control
group. Teaching configurations are visualized in Figure 1.
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B ﬂ N
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' i 43
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| 2 “Bg
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Figure 1. Schematic Representation of the Five Instructional Models Investigated in Primary
Physical Education.
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The primary aim of this study was to investigate the comparative efficacy of distinct
team teaching configurations and single PE teacher instruction on primary school students’
basic motor competencies (MC) and self-perceived physical literacy (PL). Furthermore, the
study aimed to analyze the interrelationship between these two key outcome variables and
investigate the associations between organized out-of-school physical activity and both
MC and PL outcomes.

Research Hypotheses

H1 (Comparative Efficacy): Team teaching configurations involving a PE specialist will result in
significantly greater gains in basic motor competencies and self-perceived physical literacy compared
to the single PE teacher model and non-specialist models.

H2 (Variable Correlation): A significant positive correlation will exist between students’ objectively
measured motor competencies and their self-perceived physical literacy following the intervention.

H3 (Covariate Association): Higher frequency and competitive involvement in out-of-school
organized physical activity will be positively associated with higher scores in both motor competencies
and self-perceived physical literacy.

2. Materials and Methods
2.1. Study Design and Participants

This study utilized a quasi-experimental design where pre-existing classes were the
unit of analysis, often referred to as a cluster-based approach. Pre-existing classes at
three primary schools in the Bratislava region were selected based on availability and
willingness to participate in the five-month PE intervention. Assignment to one of the
five teaching configurations was performed at the class level to maintain the integrity of
the instructional environment. The assignment of classes to one of the five configurations
was conducted using simple random assignment. Class clusters were assigned without
stratification. We confirm that no balancing (e.g., matching groups based on pre-test
results, socio-economic status, or gender ratios) or explicit stratification was applied. This
approach was selected to maintain the highest possible objectivity in the randomization
process and avoid introducing researcher selection bias, which is a standard procedure for
cluster-randomized trials where the intervention is delivered at the school level. Classes
were pre-existing organizational units, and entire classes—not individual pupils—were
allocated to instructional configurations to preserve ecological validity. This naturalistic
cluster allocation avoided contamination between groups but inevitably introduced minor
baseline heterogeneity.

Before commencement, written informed consent was obtained from the parents
or legal guardians of all participating students (minors). The study was conducted in
accordance with the Declaration of Helsinki and received ethical approval from the Ethics
Committee of the Faculty of Physical Education and Sports, Comenius University in
Bratislava, Slovakia (Approval no. 10/2024, dated 21 June 2024).

To investigate how instructional structure influences physical literacy and motor de-
velopment, pre-existing classes were assigned to one of four distinct team teaching models
or single PE teacher instruction. The five instructional configurations were structurally
based on a Complementary Co-Teaching Model, where the expertise of each partner was
intended to be leveraged to enhance instruction. The participant demographics for each
configuration are detailed in Table 1, and the composition, qualifications, and intended
roles are presented in Table 2.
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Table 1. Participant Demographics by Instructional Configuration.

Configuration Name n (Students) Mean Age SD
(Years)
Physical Education (PE) teacher 48 7.44 1.27
Generalist teacher + Coach 48 6.58 0.54
Generalist teacher + PE teacher 44 7.66 1.54
PE teacher + Assistant teacher 82 7.70 1.21
Generalist teacher + Assistant teacher 44 7.68 0.64
Table 2. Operational Definitions of Instructional Configurations.
Configuration Name Teacher Composition Key Teacher Qualifications Intended Roles

Master’s in PE; single-teacher

PET Single Certified PE Teacher
control group.

PET (All instructional roles)

GT (Primary Ed Master’s); Coach

Generalist Teacher (GT) + Sports (Sport Science/License;

GT+C Lead: Coach (skill execution). Support: GT

Coach (C) national program). (classroom management/pedagogy).
Generalist Teacher (GT) + PE GT (Primary Ed Master’s); PET Lead: PET (motor skill development).
GT+PET , Support: GT
Teacher (PET) (PE Master’s).
(pedagogy/class management).
AT+PET Assistant Teacher (AT) + PE AT (Pedagogical Sciences; Lead: PET (nsll(itorosrlﬁllA(%ﬂevelopment).
Teacher (PET) after-school); PET (PE Master’s). pport: .
(management/tindividual assistance).
CT+AT Generalist Teacher (GT) + GT (Primary Ed Master’s); AT Lead: GT (lesson delivery). Support: AT
Assistant Teacher (AT) (Pedagogical Sciences; after-school). (supervision/behavior management).

The intervention utilized the standard state-mandated PE curriculum for the primary
level in Slovakia. Crucially, the specific lesson content and pedagogical choices were not
standardized, mandated, or monitored by the research team across the five instructional
groups. The study aimed to investigate the efficacy of the different teacher configurations
operating in their typical, naturalistic environment. This decision reflects a commitment to
ecological validity, but it must be acknowledged that lesson content variability represents
an uncontrolled confounding factor in the interpretation of the subsequent results.

Prior to the intervention, all participating teachers (PETs, GTs, Coaches, and ATs)
were individually or collectively briefed by the research team regarding the study’s re-
quirements. This communication focused on the research rationale, the importance of
adhering to the intervention timeline, and general guidance on leveraging specialized ex-
pertise consistent with the intended roles in Table 2. This informal briefing served to orient
teachers to the study’s parameters, but it did not constitute a formalized training session
and did not include standardized role-playing or team-building exercises. Consequently,
specific co-teaching roles were neither formally prescribed nor monitored, meaning that
the instructional fidelity of the co-teaching process remains an unmeasured variable in
this study.

2.2. Data Collection

Data collection occurred at baseline (T1) in October 2024, preceding the intervention,
and post-intervention (T2) in April 2025, following the five-month experimental period.

Basic motor competencies were assessed at T1 and T2 using the Motor Competence
Assessment (MOBAK) test instrument, which is designed to evaluate fundamental mo-
tor competencies and uses age-appropriate versions: MOBAK 1-2 (Grades 1-2) [40] and
MOBAK 34 (Grades 3—4) [41]. The test measures two main categories: Self-movement (bal-
ancing, jumping, sidestepping/running, rolling) and Object movement (throwing, catching,
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dribbling, bouncing). All tests were administered by trained research assistants to ensure
consistency. Scores for each competence area (Self-movement and Object movement) were
initially recorded as raw sum scores (0-8 points) according to the MOBAK scoring protocol.

Self-reported physical literacy was assessed at T1 and T2 using the Physical Literacy
Assessment for Youth-Self (PLAYself) questionnaire [42]. The PLAYself questionnaire was
specifically chosen as a complementary measure to the objective MOBAK assessment.
While MOBAK addresses the need for objective motor skill assessment (functionally equiv-
alent to the physical competence dimension, such as PLAYfun), the PLAYself measure
is essential for capturing the affective and psychological components of physical literacy
(e.g., self-efficacy, motivation, and confidence). This dual-assessment strategy allows us to
rigorously investigate the interplay between skill development and self-perception, which
is one of the key aims of the study and central to determining the holistic efficacy of the
different instructional models. The Physical Literacy Self-Description subscale, which
measures a child’s self-efficacy related to physical activity participation, was used for
analysis. The questionnaire was translated into Slovak using a rigorous forward-backward
translation method to ensure conceptual equivalence. This process followed the estab-
lished protocol by Chraska [43], involving (1) a forward translation into Slovak by two
independent translators, (2) reconciliation into a unified version, (3) a blinded backward
translation back into English, and (4) a final expert review to resolve any discrepancies.
In line with standard psychometric principles for scale development, where o« > 0.70 is
the accepted threshold for acceptable internal consistency in research settings, an internal
consistency of « 0.70 was considered acceptable [43]. The internal consistency for the scale
was o = 0.72. The questionnaire was teacher-administered for students in Grades 1 and 2,
and self-administered for students in Grades 3 and 4.

To complement the results obtained in the school setting, Out-of-School Physical
Activity (OOSPA) was assessed post-intervention (1T2) using a context-specific questionnaire
administered by teachers. This instrument was systematically derived from established
regional and international physical activity recall protocols and tailored to the cultural and
curricular context of Slovak primary education, thereby exhibiting strong ecological validity
for this specific population. Questions focused on: (1) Frequency of Organized Physical
Activity; (2) Competitive Involvement; and (3) Sport Type (individual or collective sports).
These OOSPA data serve as a critical covariate in the statistical analysis, directly addressing
our Hypothesis H3, and are essential for controlling the influence of external physical
activity on both MC and PL outcomes to ensure the internal validity of our comparison
between the teaching models.

2.3. Data Analysis

Data analysis was performed using IBM SPSS Statistics 21 for Windows. Given the
fixed sample size (N = 266), post hoc sensitivity analysis using G*Power indicated 80%
power (« = 0.05, two-tailed) to detect at least medium effects (r ~ 0.30/n? ~ 0.06). Smaller
effects may have remained undetected. All data distributions were tested for normality
using the Shapiro-Wilk test. Since a lack of normality was observed in the change scores
and the study used a quasi-experimental, cluster-randomized design, non-parametric tests
and appropriate contextual reporting were employed. The statistical significance threshold
was set at o = 0.05 (two-tailed). To control the family-wise error rate, p-values from pairwise
post hoc tests were adjusted using the Holm-Bonferroni procedure. Missing data were
<5% for all variables and handled by listwise deletion. Sensitivity checks with multiple
imputation (m = 20) yielded comparable results.

The main objective of comparing the efficacy of the five instructional groups was
addressed in two steps:
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e  Within-Group Change: To assess development within each configuration, the non-
parametric Wilcoxon Signed-Rank Test was used to compare T1 and T2 scores for
MOBAK Self-Movement, MOBAK Object-Movement, and Perceived Physical Literacy.
The mean difference (A) and the 95% Confidence Interval (CI) for each difference were
reported. Statistical significance for within-group change was determined if the 95%
CI did not include zero and/or the Wilcoxon test yielded a p < 0.05.

e  Between-Group Comparison: To statistically assess whether overall group differences
in the T1 to T2 change scores were significant, a non-parametric Kruskal-Wallis H-test
was conducted across the five instructional groups for each outcome measure. The
Kruskal-Wallis test was chosen due to the lack of normality and the ordinal nature of
the dependent variables.

To explore the relationship between the measured constructs and provide essential
contextual data, Spearman’s rank-order correlations (p) were calculated:

e  Correlations were calculated between children’s self-reported physical literacy and
their objectively assessed motor competence (MOBAK subscale scores) at both initial
(T1) and final (T2) testing to examine changes in self-awareness.

e  Correlations were calculated between Out-of-School Physical Activity (OOSPA) vari-
ables (frequency, competitive involvement, and sport type) and the primary outcome
measures (MOBAK subscales and self-reported physical literacy). This was carried
out to quantify the potential influence of external activity on the study outcomes.

Effect sizes were reported for all inferential tests: for within-group changes, r = Z//N;
for Kruskal-Wallis tests, ¢2 was computed. Effect sizes and Spearman correlation co-
efficients were interpreted using conventional cut-offs (0.10 = weak, 0.30 = moderate,
0.50 = strong), following Cohen’s guidelines [44].

3. Results
3.1. Changes in Basic Motor Competences by Instructional Group

Most importantly, the results indicated no statistically significant differences across
teaching groups for Self-Movement (H(4) = 3.09, p = 0.544) or Object-Movement (H(4) = 6.96,
p = 0.138). Although the Object-Movement test approached significance, these findings
suggest that while within-group improvements occurred across several configurations, the
comparative efficacy across the five groups was not statistically distinct.

To assess the students” development in basic motor competencies, changes in the
MOBAK Self-Movement and Object-Movement scores across different instructional groups
were analyzed, as seen in Table 3. To visually depict distributional change, compact
boxplots of pre- and post-scores for each instructional model were added (Figures 2 and 3).
In addition, A-change barplots illustrate the mean gain (T2-T1) for each outcome measure
(MOBAK subscales) across the five instructional configurations (Figures 4 and 5). Table 4
presents the p-values and effect sizes of within-group changes between T1 and T2.

In the Self-Movement subscale, the AT+PET group showed moderate improvement
(A =+0.79, 95% CI = [0.45, 1.13]), which indicates a moderate effect (r = 0.32), closely
followed by the GT+C group (A = +0.65, 95% CI = [0.18, 1.12]), also indicating a moderate
effect (r = 0.30). Similarly, the PET-only (A = +0.40, p < 0.05, r = 0.38) and GT+AT (A = +0.30,
p < 0.05, r = 0.43) groups showed statistically significant improvements with moderate
effects, while the GT+PET group’s change (A = +0.19, CI crossing zero) was not statistically
significant (r = 0.14), indicating a weak effect.
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Table 3. Changes in Basic Motor Competences by Instructional Group.

95% Confidence
Interval for
Mean

Teaching Model Median Mean Std. Deviation Min Max IQR
Lower  Upper
Bound Bound
Physical Education Teacher 0 0.4 —0.15 0.95 0.99 -1 2 1
Generalist Teacher & Coach 1 0.65 0.18 1.12 1.16 -1 3 2
Self- - G?nfré‘g“ Te.aCh? &h 0 019  —026  0.63 123 2 4 175
movement ysical Education Teacher
[score] Assistant Te.f,:lcher & Physical 05 0.79 045 113 1.04 q 3 5
Education Teacher
Generalist Teacher &
Assistant Teacher 0 0.30 0.00 0.61 0.70 -1 1 1
Physical Education Teacher 1 1.07 0.19 1.94 1.58 -3 1
Generalist Teacher & Coach 1 0.92 0.31 1.54 1.52 -2 2
Object - G?“TrEe‘gSt Tte.aCh? &h 0 022  —034 077 1.54 -2 5 2
movement ysical Education Teacher
[score] Assistant Tef;lcher & Physical 05 053 0.04 101 147 9 4 3
Education Teacher
Generalist Teacher &
Assistant Teacher 1 0.43 —0.07 0.94 1.16 -2 3 1
Note. IQR = Interquartile Range.
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Figure 2. Within-group Changes in MOBAK Self-movement score between T1 and T2.
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Figure 3. Within-group Changes in MOBAK Object-movement score between T1 and T2.
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Figure 4. Mean Gain (T2-T1) in Basic Motor Competences: MOBAK Self-Movement Scores by
Instructional Group.
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Table 4. Within-group Statistical and Practical Significance in Motor Competence and Self-reported

Physical Literacy.
PET GT+C GT+PET PET+AT GT+AT
oM SM PS oM SM PS oM SM PS OM SM PS oM SM PS

Z -—-2293 2784 0578 3593 —2241 -3.609 1217 -—-1.013 -—-3252 3235 -—-3.508 —-3.026 —2.441 -—-227 —0.487
p 0.022 0.005 0.563 0.000 0.025 0.000 0224 0311 0.001 0.001 0.000 0.002 0.015 0.023  0.626
r 028 0.38 0.07 0.44 0.30 0.43 0.14 0.14 0.37 0.30 0.69 0.32 0.40 0.43 0.05

Note. PET = Physical Education teacher, GT+C = Generalist teacher + Coach, GT+PET = Generalist teacher
+ Physical Education teacher, PET+AT = Physical Education teacher + Assistant teacher, GT+AT = Generalist
teacher + Assistant teacher, OM = Object-movement, SM = Self-movement, PS = Self-reported physical literacy, Z
= Wilcoxon Signed-Rank Test Z-score, p = statistical significance, r = Cohens r (effect size).

In the Object-Movement subscale, the PET-only group exhibited the largest increase
(A =+1.07, CI =[0.19, 1.94]), a statistically significant improvement but with a weak ef-
fect (r=0.28). The GT+C (A = +0.92, CI = [0.31, 1.54], r = 0.44), AT+PET (A = +0.53,
CI=[0.04,1.01], r = 0.30) and GT+AT (A = +0.43, p = 0.015, r = 0.40) groups showed sta-
tistically significant progress with moderate effects. In contrast, the GT+PET (A = +0.22,
p =0.224, r = 0.14), indicating a weak effect, had non-significant gains with confidence
intervals that included zero.

Furthermore, Figure 6 suggests that the students’ ability to perform object-movement
skills was only moderately or weakly correlated with their ability to perform self-movement
skills within this specific sample, indicating that these subskills may be relatively indepen-
dent or measured distinctly.
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Figure 6. Correlation Matrix of Fundamental Movement (FM) Subscales: Object Movement vs.

Self-Movement Scores.

3.2. Changes in Self-Perceived Physical Literacy by Instructional Group

To evaluate the effect of different instructional teams on the students’ self-perceived
physical literacy, changes in PLAYself total scores were analyzed across five teaching
configurations (Table 5). To visually depict distributional change, a compact boxplot of
pre- and post-scores for each instructional model was added (Figure 7). The A-change
barplot illustrates the mean gain (T2-T1) for PL across the five instructional configurations
(Figure 8). Table 4 presents the p-values and effect sizes of within-group changes between
T1 and T2 (see Section 3.1).

Table 5. Changes in Self-perceived Physical Literacy by Instructional Group.

95% Confidence
Interval for Mean

Teaching Model Mean  Median Std. Deviation ~ Min Max IQR
Lower Upper
Bound Bound
Physical Education 342 4.37 ~18.14 11.29 26.58 ~7967 2689  30.16
Teacher
Generalist Teacher & o0 1004 1350 —481 10.76 2841 1726 1277
Coach
PlaySelf Generalist Teacher &
[score] Physical Education 5.65 3.83 1.88 9.43 10.47 ~16.81 2533 1651
Teacher
Assistant Teacher &
Physical Education 5.82 5.69 2.47 9.16 10.17 1511 3670  13.68
Teacher
Generalist Teacher & 2.72 ~1.56 —554 10.99 19.12 2226 6893 2148

Assistant Teacher

Note. IQR = Interquartile Range.
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Figure 7. Within-group Changes in PLAYSelf score between T1 and T2.
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Figure 8. Mean Gain (T2-T1) in self-reported physical literacy: PLAYSelf Total Scores by Instruc-
tional Group.

The GT+PET (A = +5.65, r = 0.37, p = 0.001) showed statistically significant gains with
a moderate effect. The AT+PET (A = +5.82, r = 0.69, p = 0.002) groups showed positive gains
in self-perceived physical literacy. This change was statistically significant and reflected a
strong effect size, suggesting a strongly significant improvement in self-perceptions.

In contrast, the GT+C (A = —9.16, r = 0.43, p = 0.000) exhibited a statistically significant
decline with a moderate negative effect size. The GT+AT group showed a non-significant
increase of +2.72 (r = 0.05, p = 0.626), indicating a very weak effect, and PET-only non-
significant decrease in PL (A = —3.42, r = 0.07, p = 0.563), also indicating a very weak effect.

Despite observable trends, a Kruskal-Wallis test comparing all five groups indicated
that the differences were not statistically significant overall, H(4) = 5.75, p = 0.219. This
suggests that while the use of specific instructional models (GT+PET and AT+PET) resulted
in significant within-group gains in perceived physical literacy, there was no statistically
significant difference in the magnitude of change when comparing the five models.
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3.3. Associations Between Self-Perceived Physical Literacy and Motor Competence

To investigate the alignment between students’ subjective and objective competencies,
Spearman’s rank-order correlations (p) were calculated between the PLAYself Total Score
and the MOBAK subscales pre- and post-intervention (Tables 6 and 7). A scatterplot
illustrates the correlation between all relevant variables (MOBAK vs. PLAYSelf at T1 and
T2) to visually support the findings of Hypothesis H2 (Figure 9).
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Figure 9. Correlation Between Objective Motor Competence (MOBAK) and Self-Reported Physical
Literacy (PLAYSELF) at Pre- (T1) and Post-Intervention (T2).
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At initial testing (T1), self-perceived physical literacy demonstrated weak but sta-
tistically significant positive correlations with objectively measured motor competence.
As shown in Table 6, self-reported literacy was significantly associated with MOBAK
Object-Movement (p = 0.183, p < 0.01) and MOBAK Self-Movement (p = 0.135, p < 0.05). At
the individual skill level, the strongest, but still weak, association was observed between
self-perception and catching (p = 0.223, p < 0.01), followed by running (p = 0.147, p < 0.05)
(a weak correlation).

At final testing (T2), these relationships persisted, and in the case of self-movement,
strengthened (see Table 7). The self-reported physical literacy maintained a weak, but
significant positive correlation with MOBAK Object-Movement (p = 0.182, p < 0.05). No-
tably, the relationship with MOBAK Self-Movement became stronger and more significant
(p =0.238, p < 0.01) compared to the baseline, however, was still weak. Among individual
skills, catching remained the strongest correlate (p = 0.377, p < 0.01) with a moderate level
of correlation, suggesting that the children’s self-perception of literacy in this sample was
most closely aligned with their proficiency in manipulative skills.

3.4. Associations Between Organized Out-of-School Physical Activity Participation and Basic
Motor Competencies

Associations between organized out-of-school physical activity (OOSPA) and basic
motor competencies are presented in Table 8. The analysis used bivariate correlations to
provide contextual information regarding the students’ external physical activity levels.
As part of the background assessment, children reported the type of organized sport
they engaged in outside school. Overall, 43.0% participated in collective sports, 39.5%
in individual sports, 1.2% in both, and 16.3% reported no participation. Frequency of
participation in organized sport (OOSPA-Frequency) showed significant but weak positive
correlations with both subscales of basic motor competence:

Table 8. Associations Between Organized Out-of-School Physical Activity Participation and Basic
Motor Competencies.

Frequency of Competitive S0
Organized Involvement: Spoifg:lel'eg tivl:one, Self- Object
Correlation Coefficient Physical 1—Regularly, . . ! Movement Movement
.. . 2—Individual,
Activity [Scale 2—Sometimes, [Scorel [Score]
3—Both
1-6] 3—Never
Frequency of Organized B x ot x x
Physical Activity [scale 1-6] ! 0539 0394 0.195 0282
Competitive Involvement:
1—Regularly, 2—Sometimes, —0.539 ** 1 —0.277 ** —0.061 —0.145*
3—Never
Sport Type: 0—None,
1—Collective, 0.394 ** —0.277 ** 1 0.095 0.001
2—Individual, 3—Both
Self-movement [score] 0.195 ** 0.061 0.095 1 0.256 **
Object movement [score] 0.282 ** —0.145* 0.001 0.256 ** 1

Note. * Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).

Object Movement (p = 0.282, p < 0.01), suggesting that students who engage more
frequently in organized activity outside of school tend to display greater proficiency in
skills like throwing, catching, dribbling, and bouncing.

Self-Movement (p = 0.195, p < 0.01), indicating a positive link between participation
frequency and fundamental motor skills such as running, jumping, balancing, and rolling.
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The variable Competitive Involvement was coded so that higher values (1 to 3) reflect
less frequent participation in competitive settings (1 = Regularly; 3 = Never). Therefore, the
negative correlation observed indicates that more frequent competitive involvement is posi-
tively associated with better outcomes. Specifically, higher competitive involvement (lower
numerical code) was significantly, albeit weakly, linked to Object Movement (p = —0.145,
p < 0.05). No significant association was found between competitive involvement and
Self-Movement skills (p = —0.061).

The variable Sport Type (Collective, Individual, Both, or None) showed no statistically
significant correlation with either the Self-Movement (p = 0.095) or Object Movement
(p =0.001) competencies.

3.5. Associations Between Organized Out-of-School Physical Activity Participation and
Self-Reported Physical Literacy

Associations between the three dimensions of OOSPA and self-reported physical liter-
acy are presented in Table 9. The results indicate that the relationship between organized
sport participation and self-perception of physical literacy was weak, non-significant, and
primarily driven by the frequency of participation.

Table 9. Associations Between Organized Out-of-School Physical Activity Participation and Self-
Perceived Physical Literacy.

Frequency of

. . Organized Competitive Involvement: Sport Type: OfN one, PlaySelf
Correlation Coefficient Phvsical Activit 1—Regularly, 1—Collective, [Score]
y y 2—Sometimes, 3—Never 2—Individual, 3—Both
[Scale 1-6]
Frequency of Organized B st ™
Physical Activity [scale 1-6] ! 0-539 0-394 0-133
Competitive Involvement:
1—Regularly, 2—Sometimes, —0.539 ** 1 —0.277 ** —0.061
3—Never
Sport Type: 0—None,
1—Collective, 2—Individual, 0.394 ** —0.277 ** 1 0.111
3—Both
PlaySelf [score] 0.133 —0.061 0.111 1

** Correlation is significant at the 0.01 level (2-tailed).

Frequency of organized physical activity showed a weak positive association with
self-perceived physical literacy (p = 0.133), which approached, but did not reach, statistical
significance. This weak correlation suggests a marginal trend where students who partici-
pate more often in organized sports tend to report slightly higher self-efficacy related to
physical activity.

There was no statistically significant association between competitive involvement
and self-perceived physical literacy (p = —0.061), indicating a negligible association. Simi-
larly, sport type (collective/individual) showed no statistically significant association with
perceived physical literacy (p = 0.111), indicating a weak association.

In summary, none of the dimensions of OOSPA demonstrated a statistically significant
correlation with self-reported physical literacy at the o« < 0.05 level, suggesting that a child’s
external involvement in organized sports was not strongly predictive of their self-reported
physical literacy in this sample.
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4. Discussion
4.1. Comparative Instructional Efficacy

The primary aim of this study was to assess the comparative efficacy of various
team teaching configurations against single-teacher instruction on the development of
basic motor competencies (MC) and self-reported physical literacy (PL). Contrary to our
hypotheses that a specific co-teaching model would prove statistically superior, the main
finding indicated no statistically significant difference in the magnitude of change among
the five instructional configurations for either MC or PL. This null comparative finding
suggests that over a standard five-month curriculum, the mere presence of an additional
teacher or specialist, irrespective of their defined role, was not a sufficient condition to create
a statistically distinct comparative advantage between the groups. This result aligns with
the “empirical information deficit” highlighted in previous quantitative research [35,45], as
a significant body of evaluative studies has similarly failed to establish a clear, statistically
superior co-teaching model, particularly when assessing academic outcomes [37].

This outcome must be interpreted in light of the methodological challenges inherent
to quasi-experimental designs in educational settings. As Veteska et al. [6] argue, the true
impact of team teaching is determined primarily by how it is put into practice, rather than
the theoretical configuration itself. Differences in teacher collaboration quality, fidelity
of planning, and lesson-to-lesson instructional choices—all factors that differed across
the five unique configurations—likely served as confounding variables. This underlying
complexity made it difficult to detect a specific superior configuration, ultimately leading
to the observed null comparative finding.

4.2. The Crucial Role of Specialist Expertise

While the analysis did not yield statistically significant differences between the five
instructional configurations, the detailed descriptive data revealed a critical pattern: the
largest and most consistent significant gains in basic motor competencies were confined
to the configurations that included a certified PE teacher. Specifically, the PET-only group
achieved the largest gains in Object-Movement, and the AT+PET configuration showed
the largest team-based improvement in Self-Movement. The finding that PET involvement
was the major driving factor behind students achieving statistically significant individual
development directly supports the established literature that identifies perceived teacher
competence as the strongest predictor of PE lesson quality [26]. The PET’s specialized
training, which emphasizes correct performance and skill application [46], likely enabled
them to provide the precise, evidence-based pedagogical approach necessary to move
students beyond simple participation toward genuine motor skill mastery [28]. The ability
of the single-teacher PET and the PET in the AT+PET model to generate superior within-
group gains in MOBAK directly reinforces previous experimental findings where groups
taught by specialized kinesiologists statistically outperformed control groups taught by
generalist teachers [29].

In our study, the absence of statistically significant differences across groups for both
subscales is a key finding. It suggests that the instructional structure (i.e., whether a Generalist
Teacher, Assistant Teacher, or Coach was present) was secondary to the presence of quality
pedagogical expertise. The certified PE teacher, regardless of their co-teaching partner, was
consistently associated with the largest within-group improvements, reinforcing the notion
that the quality and expertise of the instructor is the primary driver of motor competence
development, rather than the mere organizational structure of the teaching configuration.

Therefore, despite the absence of a statistically superior model across all outcome
measures, the data consistently indicate that specialist PE teacher expertise is the essential
ingredient for generating statistically meaningful motor skill development. These results
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strongly endorse the current policy trends in various international contexts that mandate
the inclusion of certified professionals in primary PE.

4.3. Differential Impact on Self-Perception

The results for self-perceived physical literacy (PL) demonstrated a complex differ-
ential impact. The configurations leveraging certified PE teachers—specifically AT+PET
and GT+PET—Dboth achieved significant positive gains in student self-efficacy. This success
suggests that the blending of pedagogical and specialized PE expertise may effectively
foster a competence-supportive environment, a key factor within Self-Determination The-
ory. Indeed, the adoption of motivational teaching behaviors is recognized as a critical
determinant of students” quality of experience in PE [47], and these PET-inclusive groups
appeared successful in cultivating such a climate.

Conversely, the most complex finding was the GT+C paradox: this group achieved
moderate objective gains in Object-Movement skills but experienced a significant decline
in perceived physical literacy. This striking inverse relationship is likely attributed to the
instructional style employed by the specialist coach, which typically prioritizes direct,
technical correction and performance standards. Given the GT+C cohort’s young age
(M = 6.58), this type of feedback likely accelerated the developmental shift toward a more
realistic, performance-contingent assessment of their abilities, moving away from the
inflated, non-contingent self-perceptions common in early primary grades [48]. While this
process resulted in improved objective motor skills, the observed psychological deflation
poses a risk, as high perceived motor competence is a potent, independent predictor of
engagement in physical activity [39]. This underscores that simply increasing the expertise
in the room is insufficient; the pedagogical approach must actively foster psychological
needs through mastery-oriented feedback, reinforcing that instructional style, rather than
just structure, has a crucial bearing on student motivation and self-perception [34,49].

4.4. Interpretation of the Association Between Self-Perceived Physical Literacy and
Motor Competence

Another key finding was the weak correlation between students’ objectively mea-
sured motor competence (MOBAK) and their self-perceived physical literacy (PLAYself).
Although the observed correlation was statistically significant at initial testing (T1), this
weak alignment highlights the inherent challenges associated with measuring an abstract
construct like physical literacy using self-report instruments in young populations.

The limited correspondence is typical in this age group and reflects both developmen-
tal and methodological limitations. Children in early primary grades often struggle to
accurately interpret and report on abstract constructs like overall physical literacy, which is
further complicated by the risk of social desirability bias where participants tend to over-
report positive traits [48]. Furthermore, self-report measures like PLAYself, while crucial
for capturing the affective dimension of physical literacy, inherently capture perceived
competence rather than objectively demonstrated ability, leading to known issues with
validity and reliability when compared to performance-based measures [38,39].

This weak initial alignment contrasts with studies suggesting a complete mismatch
in young children [38,39]. Crucially, the relationship persisted, and in the case of Self-
Movement, strengthened over the five-month intervention. This emergence of stronger
alignment suggests that prolonged, structured physical education—regardless of the spe-
cific instructional model—began to facilitate a more accurate internalized self-assessment.
Washburn and Kolen [38] support this interpretation, noting that children’s ability to
accurately perceive their motor competence tends to improve with age and consistent
exposure. The strengthening relationship reinforces that fostering accurate self-perception
is a developmental process actively supported in educational settings [50].
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The fact that the strongest moderate correlation at final testing was observed for
catching suggests that Object-Movement skills lend themselves more readily to external,
measurable feedback, helping students to gauge their performance relative to peers, a pro-
cess vital for developing accurate self-perception [38]. Ultimately, our results contribute to
the evidence base confirming that promoting both competence and accurate self-perception
is essential for encouraging active lifestyles [39], while simultaneously underscoring the
necessity for future research to address the methodological disconnect between objective
performance and subjective self-report in young children.

4.5. Associations Between Organized Out-of-School Physical Activity and Motor Competence

The analysis of Organized Out-of-School Physical Activity (OOSPA) participation
provided crucial contextual information regarding the external factors influencing motor
development in this sample. This study highlights the fact that the higher the participation
in organized sports outside of school, the better the overall basic motor competence. Fur-
thermore, the outcomes indicate that more frequent competitive involvement is positively
associated with better Object-Movement outcomes.

To synthesize the findings, a critical pattern emerged when comparing the effects
of internal (school-based) versus external (OOSPA) factors. The primary finding—that
there were no statistically significant differences in motor competence gains between the
five instructional configurations—suggests a limit to the influence of the school-based
instructional model alone. This is particularly relevant given that school physical education
typically comprises only 2 x 45 min per week, a limited time window in which to drive
profound, comparative changes in complex motor skills.

When this limited instructional time is juxtaposed with the finding that OOSPA
frequency showed a significant positive correlation with both Object-Movement (p = 0.282,
p < 0.01) and Self-Movement (p = 0.195, p < 0.01) skills, the data highlight the potentially
greater role of external variables.

Therefore, the study implies that the sheer volume and consistency of practice derived
from organized out-of-school physical activity might be a more potent, or at least an equally
important, driver for developing basic motor competence than the specific school-based
instructional configuration or type of teacher. While the quality of instruction (as seen in the
PET-led descriptive gains) is vital, the limited time dedicated to PE in the curriculum means
that the overall volume of practice outside of school may exert the dominant influence on
skill acquisition for children in this age group.

4.6. Limitations and Future Directions

The interpretation of the current study’s findings, particularly the non-significant
comparative effects, must be framed by several methodological limitations inherent to the
quasi-experimental design and the ecological setting.

Firstly, the study employed a quasi-experimental, cluster-randomized design, meaning
that students were not individually randomized but were nested within pre-existing classes,
which served as the unit of intervention assignment. This non-independence of observa-
tions violates a key assumption of certain inferential statistics (such as the non-parametric
Kruskal-Wallis test used for group comparisons) and may lead to an underestimation
of standard errors and inflated Type I error rates. Consequently, our findings were in-
terpreted conservatively. Future research should apply multi-level modeling to properly
account for nested data (students within classes) and estimate random effects attributable
to cluster variability.

Secondly, a critical limitation is the non-randomized nature of the cluster assignment,
which resulted in groups that were not fully equivalent at the baseline, specifically concern-
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ing sample size and age. The instructional configurations varied substantially in group
size, reducing statistical power for detecting effects in smaller cohorts. More importantly,
the GT+C configuration was associated with students who were significantly younger
(Mean Age: M = 6.58) compared to the remaining groups (M ~ 7.7). This chronological age
disparity introduced a developmental confound, particularly for the PL measure.

Thirdly, the lack of gender-specific analysis represents a limitation, as potential dif-
ferential instructional impacts on boys’ versus girls’ outcomes may have been obscured
by the pooled data. For instance, previous research suggests that gender may moderate
the effect of instructional style on self-perception, with girls often being more sensitive to
the type and quality of instructor feedback. Future studies should prioritize stratifying the
analysis by gender to determine whether certain co-teaching configurations yield distinct
outcomes for different sexes.

Fourthly, regarding assessment fidelity, all MOBAK assessments were conducted by a
single, highly trained researcher to eliminate inter-rater variability. However, the lack of a
formalized inter-rater reliability (IRR) check—such as parallel scoring by a second expert
or video-based scoring—is a limitation. While this design choice ensured consistency
(intra-rater reliability), it prevented external verification of the scoring fidelity and any
potential drift in the researcher’s application of the rubric over the assessment period.

Fifthly, the assessment of self-perceived physical literacy relied on the self-report
questionnaire. This tool is susceptible to social desirability bias and halo effects, where
children may potentially over-report their confidence. This limitation is exacerbated by the
age disparity in the GT+C group; their younger age corresponds to a developmental stage
of potentially inflated self-assessments, which is a crucial explanatory factor for the inverse
relationship observed in perceived physical literacy.

Sixthly, in the pursuit of ecological validity, the study deliberately opted not to stan-
dardize or monitor specific lesson content, pedagogical choices, or the fidelity of the
co-teaching implementation. Consequently, the observed outcomes reflect the combined
effect of the intended structural configuration and the uncontrolled contextual variability
arising from the teachers’ planning quality, communication, and real-time execution of
their defined roles. This lack of fidelity monitoring is a significant limitation and prevents a
definitive isolation of the structural model’s direct impact. Compounding this issue, the
voluntary nature of the teachers” participation introduces a potential self-selection bias,
where only highly motivated teachers—or those in schools already prioritizing PE—may
have opted to participate. This restricts the generalizability of the findings to less motivated
school environments. Future studies should incorporate direct behavioral observation to
quantify the teaching style and quality of feedback provided within each configuration.

Additionally, the five-month (two 45 min lessons per week) intervention period may
represent an insufficient time dose to elicit statistically significant comparative changes
between the different instructional groups. This is especially relevant given the baseline
variability and the complexity of developing both objective motor competence and PL
simultaneously. A longer intervention duration or having more PE lessons per week is nec-
essary to adequately assess the long-term, structural efficacy of these co-teaching models.

Finally, the assessment of Out-of-School Physical Activity (OOSPA) relied on a non-
validated, context-specific questionnaire administered only at the post-intervention (T2)
time point. While a validated tool would have been ideal, this specific questionnaire was
retained in the main methodology because it captured ecologically relevant participation
data essential to understanding the local contextual factors influencing skill development in
this particular sample. However, the lack of prior psychometric validation (reliability and
validity) is a clear limitation, and the OOSPA data should thus be interpreted conservatively.
Furthermore, the single time-point assessment prevented its use as a true baseline covariate
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to statistically control for prior physical activity habits, which were shown to correlate
significantly with motor competencies in the results.

5. Conclusions

This five-month intervention, comparing five distinct team teaching configurations,
revealed no statistically significant differences in overall student development for either ba-
sic motor competence (MC) or self-perceived physical literacy (PL) across the instructional
groups. This null comparative finding suggests that instructional structure alone may not
yield a statistical advantage. However, analysis of within-group change scores indicated
that configurations utilizing certified PE teacher expertise were the most successful in
generating reliable gains in MC. The data further showed differential effects based on team
composition, notably the significant decline in self-perceived PL observed solely within
the Generalist Teacher + Coach configuration. Collectively, these findings suggest that the
quality and expertise of the instructor remain the primary factor for meaningful motor skill
development and positive self-perception. These results support the continued importance
of involving certified specialist PE teachers in primary physical education instruction and
underscore the value of ensuring that teacher training places sufficient focus on pedagogical
approaches, such as competence-supportive strategies, to ensure that instruction promotes
psychological well-being alongside technical skill acquisition.
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The following abbreviations are used in this manuscript:

PE Physical Education

PL Self-reported Physical Literacy
MC Basic Motor Competencies
PET Physical Education teacher
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AT Assistant teacher

GT Generalist teacher

C Sports Coach

OOSPA Organized out-of-school physical activity
MOBAK Test battery of basic motor competencies

T1 Initial Testing (Time Point 1/Pre-intervention)
T2 Final Testing (Time Point 2/Post-intervention)
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Highlights:
What are the main findings?

e  The Italian version of the CAPL-2 questionnaire demonstrated excellent internal
consistency in the Motivation and Confidence domain (Cronbach’s a: 0.88-0.97),
aligning with international validation studies.

e  The questionnaire showed high predictive validity for identifying children who meet
WHO recommendations for physical activity, with AUC values of 0.95 (5 days) and
0.89 (6 days).

What is the implication of the main finding?

e  The validated CAPL-2 offers Italian educators and researchers a culturally adapted,
reliable tool to assess children’s physical literacy in school and sport contexts.

e  This tool can support early interventions promoting physical activity and lifelong health,
in line with Italy’s recent educational reforms and international public health goals.

Abstract: Background/Objectives: Physical literacy is a holistic concept promoting lifelong
health by considering an individual’s lived experience within their cultural context. This
necessitates context-specific conceptualizations and pedagogies, highlighting the need for
valid assessment tools for physical and sport educators. The Canadian Assessment of
Physical Literacy (CAPL-2) is a well-known validated tool. This study aimed to validate
the Italian translation and cultural adaptation of the CAPL-2 questionnaire for children
aged 8-12. Methods: The CAPL-2 questionnaire was translated using a forward-backward
procedure by bilingual experts. Subsequently, 111 Italian children (57 females, mean
BMI 17.9 kg/m?) completed the adapted CAPL-2 questionnaire twice over 10 days under
supervision. The internal consistency of CAPL-2 was assessed with Cronbach’s alpha.
ROC curve analysis and AUC evaluated the CAPL-2’s ability to predict adherence to WHO
physical activity guidelines based on self-reported activity. Results: Results showed high
internal consistency for the motivation and confidence domain (Cronbach’s «: 0.88-0.97)
but lower consistency for the knowledge and understanding domain (Cronbach’s «: 0.20—
0.34). Despite this, the CAPL-2 questionnaire demonstrated high predictive performance in
identifying children active for at least 5 days (AUC: 0.95) or 6 days (AUC: 0.89). Conclusions:
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The Italian version of CAPL-2 is a reliable tool for assessing physical literacy in Italian
children aged 8 to 12, addressing key aspects such as motivation, confidence, physical skills,
understanding of physical activity, and daily habits. It offers a valuable and culturally
adapted instrument for trainers, teachers and educators in physical activity and sport
contexts.

Keywords: assessment; cross-cultural adaptation; children; physical literacy; physical
education; physical activity; sport; active lifestyle; lifelong; health

1. Introduction

The youngest generations are increasingly dedicating their time to sedentary activities,
such as browsing social media, which has negative consequences for their overall well-
being [1-3]. This is particularly troubling in relation to their development of identity, body
image, and emotional intelligence. The rise in sedentary behaviour results in lower levels
of physical activity, potentially worsening the adverse effects of unhealthy lifestyles [4-6].
Conversely, regular physical activity (PA) is associated with substantial physical and mental
health benefits [7-9]. Among children and adolescents, physical activity (PA) supports
healthy musculoskeletal development, particularly bone health, motor skill acquisition, and
cognitive development. Despite these benefits, physical inactivity remains a global epidemic:
81% of boys and girls aged 11-17 years spend less than one hour a day performing moderate-
to vigorous-intensity physical activity (MVPA) [7,9]. To address this public health challenge,
global targets set by the WHO aim to reduce physical inactivity by 10% in 2025 and 15% in
2030 compared to 2010 levels, highlighting the urgency for multisectoral strategies due to
projected healthcare costs potentially reaching USD 27 billion annually [10,11]. The findings
from the recent national Health Behaviour in School-Aged Children (HBSC) survey in Italy
reveal critical insights into the physical activity levels of adolescents. Specifically, the survey
indicates that a mere 10.8% of male adolescents and 5.4% of female adolescents are meeting
the recommended guidelines for MVPA [2].

In the context of promoting physical activity and addressing high rates of physical
inactivity, the concept of physical literacy (PL) is globally emerging as a valuable theoretical
construct around which to structure effective interventions [10,11]. There is increasing
evidence that holistic approaches, such as multicomponent interventions targeting dif-
ferent factors (motivation, knowledge, competence, and self-perception), lead to greater
improvements in physical activity than single-factor interventions [12,13].

For instance, Farias et al. [14] conducted a retrospective analysis to investigate the
enduring impacts of a Sport Education curriculum on students’ physical literacy (PL)
reporting notable changes in students’ motivation, perspectives, and behaviours concerning
physical education (PE) and sports. The results revealed that students cultivated empathetic
attitudes, developed resilience against discriminatory behaviour, and demonstrated a
commitment to fair participation. These skills transcended the school setting, fostering the
development of lifelong PL.

PL was described as an inclusive and holistic concept, conceived from its inception to
promote lifelong health and well-being by centering on the person-in-the-world and their
lived experience within their cultural context [15,16]. More recently, PL was emphasized as
a lifelong journey characterized by evolving interactions between motivation, competence,
knowledge, and the social and cultural context, highlighting the necessity of culturally
appropriate assessment tools to foster physical activity effectively throughout life [15,16].
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This concept is now increasingly recognized as a multidimensional construct, en-
compassing four domains: physical competence, motivation, confidence, knowledge, and
behaviors necessary for lifelong engagement in physical activity [17,18], enabling people to
participate meaningfully in physical and sport activities across their lifespan, thus aligning
with strategies to combat sedentary lifestyles and foster lifelong health [19,20]. By foster-
ing PL from an early age, individuals can develop a foundation that supports sustained
physical and sport activity and well-being in adulthood and older age [21]. From these
perspectives, PL is not confined to childhood but evolves continuously, adapting to the
changing abilities and contexts throughout life [22,23]. Developing robust PL skills early in
life helps individuals establish personal strategies to sustain active lifestyles throughout
their lifespan [24].

Recognizing that diverse cultures, governance structures, geographical locations, and
physical environments necessitate tailored conceptualizations and pedagogies to effectively
foster PL [25,26], a recent Global Physical Literacy (GloPL) Action Framework [27] was
established to unify this complex dimension in objectives and principles, as well as to
delineate effective strategies for advancing PL on a global scale [28].

Standardized assessments of PL that take into account its complex dimensions are
crucial to evaluate PL levels in the population and to support PL development [22,24]. The
Canadian Assessment of Physical Literacy—Second Edition (CAPL-2) [29] has emerged as a
comprehensive tool effective in evaluating multiple aspects of PL and a key instrument for
understanding how PL develops and evolves across childhood [22,29,30] within different
international contexts [31]. The CAPL-2 assessment comprises three Physical Competence
protocols, two Daily Behavior protocols, and a 22-item questionnaire assessing the domains
of Motivation and Confidence, and Knowledge and Understanding. Regarding the 22-item
questionnaire, crucial for evaluating the cognitive and affective aspects of PL, extensive
research has highlighted the necessity of tailoring the CAPL-2 questionnaire to reflect the
linguistic nuances and cultural contexts of target populations, ensuring the assessment’s
validity and reliability into various languages and contexts [17,20,30,32-35].

Recognizing the unique cultural and educational characteristics of Italy, where recent
investments have been made to enhance primary school physical education by introducing
specialized physical education teachers in grades four and five (Legge 234/2021) [36], re-
flecting increased awareness of the inactivity pandemic [33], this study aims to validate and
culturally adapt the CAPL-2 for Italian children, ensuring the instrument’s appropriateness
and reliability within the Italian context.

2. Materials and Methods
2.1. Sample and Procedures

A total of 111 children (54 males; 57 females) aged 8 to 12 years participating in a
national summer camp in Italy were recruited (Table 1).

Table 1. Sample size and demographic characteristics.

Variable Mean Standard Deviation Min Max

Weight (kg) 34.64 9.38 199 64.4

Height (cm) 137.86 10.27 1194 159.2

BMI (kg/cm?) 17.93 3.08 13.21 26.98
Active days (days/week) 5.69 1.36 1 7

The convenience sample was recruited during a national summer camp attended by
children from multiple Italian regions (including Northern, Central, Southern areas, and an
island), ensuring heterogeneity in socio-cultural and socio-economic backgrounds and thus
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providing a broad representation of the national territory. The summer camp context was
intentionally chosen because it allowed for continuous attendance of participants, close
supervision by trained research assistants, and standardized administration procedures. In
addition, this setting provided the optimal opportunity to administer the questionnaire
twice within the required 10-day interval for the test-retest reliability assessment, under
consistent and controlled conditions.

Eligibility criteria were the ability to speak Italian and an age between 8 and 12 years,
consistent with the target population of the CAPL-2 and with previous validation studies
of physical literacy questionnaires [29,37]. Importantly, children were not selected on the
basis of competitive sport participation or prior knowledge/skills, making the sample
representative of the general population of Italian children within this age range.

All research assistants underwent standardized training sessions before data collection,
ensuring consistency in questionnaire administration, data collection procedures, and
interaction with children. This study was conducted in accordance with the Declaration of
Helsinki and approved by the Ethics Committee of the University of Cassino and Southern
Lazio—IRB Department of Human Sciences, Society and Health (Approval number: 4R;
Approval date: 11 September 2024).

To assess the internal consistency and reliability of the Italian version, the question-
naire was administered to the same group of children on two separate occasions, with
a ten-day interval between the first and second administrations. To enhance the confiden-
tiality of assessment results and to ensure the integrity of the test—retest process, each child
was assigned a unique identification number, which was used to accurately record the
scores obtained. Participants completed the questionnaire under the supervision of trained
research assistants, who provided detailed instructions and responded to any inquiries
that arose during the process. In accordance with the CAPL-2 guidelines, responses were
collected anonymously on paper and subsequently entered into a secure database for
analysis by a designated researcher.

2.2. CAPL-2 Measures

The current questionnaire is part of the comprehensive protocol developed by the
Canadian Assessment of Physical Literacy-2 (CAPL-2) [29,37], designed to accurately and
reliably assess a wide array of skills and abilities that define a child’s level of physical literacy.

Specifically, the CAPL-2 questionnaires consist of two key domains of PL (i.e., motiva-
tion and confidence; knowledge and understanding domain) and four subscales.

Importantly, according to the CAPL-2 manual, self-reported MVPA is not a separate
domain but is included within the broader daily behaviour domain of the CAPL-2 protocol,
which encompasses both objective (e.g., pedometer-based) and subjective (self-report)
indicators of physical activity.

The first domain, motivation and confidence, assesses children’s confidence in their
ability to be physically active and their motivation to participate in physical activity. The
total score for this domain is derived from four subscales: Predilection and Adequacy
items (“What’s most like me?”), Intrinsic Motivation (“Why are you active?”), and Physical
Activity Competence (“How do you feel about being active?”), each consisting of three items.
According to the manual, the subscale scores range from 1.5 (or 1.8) to 7.5, with the maximum
possible score for the entire domain being 30 points.

The second domain, knowledge and understanding, assesses a child’s knowledge
of physical activity, skills and fitness. The assessment comprises four multiple-choice
questions, each presenting one correct answer alongside three incorrect options. The
second part features a gap-fill task that requires completion of sentences. Each correctly
inserted word is worth one point, allowing for a maximum of six points in this section.
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Overall, the total score for this assessment ranges from 0 to 10, with 10 representing the
highest possible score.

In addition, the CAPL-2 questionnaire includes a self-report measure of children’s
engagement in at least 60 min of daily MVPA. This item prompts participants to indicate
how often they usually achieve this daily activity target. While this self-reported measure
represents only one component of the daily behaviour domain, its inclusion provides valu-
able complementary information and allows for the examination of associations between
physical activity levels and other domains of physical literacy.

2.3. Translation and Cultural Adaptation

The translation of the CAPL-2 questionnaire into Italian was carried out in accordance
with the methodology outlined by Walde & Vollm [38]. This approach ensures accuracy and
consistency in the translation process, adhering to the highest standards of linguistic quality.

(1) Translation: The original document was translated into Italian by two researchers
who are native speakers, each working independently to ensure accuracy and fidelity
to the source material.

(2) Review: The two versions have been systematically compared and reviewed by a
researcher with expertise in physical literacy.

(3) Adjudication: Following the feedback provided by the reviewer, a preliminary version
of the Italian CAPL-2 questionnaire was finalized.

(4) Pretest: The pre-final version of the Italian questionnaire was administered to a
sample of 10 participants to assess the clarity and comprehensibility of the questions.
Participants were prompted to provide feedback regarding their understanding of the
questionnaire items.

(5) Documentation: After carefully considering the feedback gathered during the pretest
phase, the final version of the questionnaire has been officially approved.

A graphical representation of the translation and cultural adaptation process is shown
in the Supplementary Material (Figure S1).

The final Italian version of the CAPL-2 questionnaire used for the research is attached
as Supplementary Material S1.

2.4. Statistical Analysis

All collected data were systematically organized and stored into a database specifically
developed for the purposes of this study. The threshold of o = 0.05 was adopted as the
level of statistical significance. All calculations were performed using STATA software (v 18,
STATACorp, College Station, TX, USA).

The socio-demographic characteristics—such as age, sex, height, body weight, and
body mass index (BMI)—and all variables utilized in the calculations were comprehensively
detailed. The data were presented as means and standard deviations (SD) for both the test
and retest. The normality of all examined variables was evaluated using the Kolmogorov-
Smirnov test.

The internal consistency and reliability of the overall domain score, as well as the
total scores for each subdomain and individual item outcomes, were assessed using Cron-
bach’s alpha [39,40]. Furthermore, Spearman’s correlation was employed to examine the
relationship between each item and the overall scores for every domain and subdomain.

The assessment of test—retest reliability, or reproducibility, was conducted by calculating
the intraclass correlation coefficient (ICC) along with a 95% confidence interval (95% CI).
A two-way random effects model was utilized to analyze single measures and absolute
agreement, demonstrating the concordance between the initial test and the retest. The inter-
pretation of ICC values adhered to the benchmarks set forth by Landis and Koch [41]: <0.20,
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slight agreement; 0.21 to 0.40, fair; 0.41 to 0.60, moderate; 0.61 to 0.80, substantial; and >0.80,
almost perfect. Additionally, we computed the standard errors of measurement (SEM) and
the minimum detectable change (MDC) to assess the error range for each item, subdomain,
and domain. Moreover, to check the overall diagnostic performance of the Italian version
of CAPL-2 Questionnaire we created a receiver operating characteristic (ROC) curve and
evaluated the area under the curve (AUC).

In line with the statistical analysis procedures reported by Knisel et al. [33], two cut-
points were selected within the CAPL-2 Questionnaire Manual (the ones that were closer
to the World Health Organization PA recommendations for children [9]. The first cut-point
concerned engaging in physical activity for at least 60 min for 5 days a week, while the second
cut-point concerned engaging in physical activity for at least 60 min for 6 or 7 days a week.
A ROC curve analysis was used to assess whether physical literacy scores are predictive of
meeting the physical activity cut-points.

3. Results

Results showed good to excellent internal consistency for the motivation and confi-
dence domain (Cronbach’s «: 0.88-0.97; mean: 5.3 &+ 1.4) and low internal consistency for
the knowledge and understanding domain (Cronbach’s «: 0.20-0.34; mean: 9.3 £ 0.98).

Furthermore, the results revealed that the CAPL-2 questionnaire exhibited highly pre-
dictive performance in identifying children active for at least 5 days (AUC: 0.95) compared
to those active for at least 6 days (AUC: 0.89).

3.1. Psychometric Properties of the Questionnaire

Tables 2 and 3 provide an overview of the internal consistency, reliability, and system-
atic variations associated with the self-reported physical activity questions, motivation and
confidence questions, and the knowledge and understanding questions from the CAPL-2
battery assessment.

Table 2. Reliability, test-retest and systematic differences in motivation and confidence questions
from CAPL-2 battery assessment.

N, . Item-Total Item-Total Average Inter-Item Cronbach’s
Motivation and Confidence Mean (SD) Correlation (Test) Correlation (Retest) Correlation o
Item 1 2.19 (0.56) 0.97 0.92 0.79 0.88
Ttem 2 2.12 (0.63) 0.91 0.80 0.95 0.97
Item 3 2.15 (0.56) 0.96 0.92 0.79 0.89
Predilection 6.45 (1.67) N/A N/A 0.84 0.94
Ttem 1 1.96 (0.63) 091 0.79 0.87 0.93
Item 2 1.75 (0.64) 0.94 0.85 0.78 0.88
Ttem 3 1.87 (0.63) 0.95 0.88 0.75 0.85
Adequacy 5.59 (1.77) N/A N/A 0.80 0.92
Ttem 1 2.20 (0.43) 0.92 0.83 0.93 0.96
Item 2 2.04 (0.44) 0.97 0.93 0.93 0.96
Item 3 1.99 (0.42) 0.96 0.91 0.83 091
Intrinsic motivation 6.23 (1.22) N/A N/A 0.86 0.95
Item 1 1.89 (0.49) 0.97 0.93 0.82 0.90
Ttem 2 1.57 (0.52) 0.93 0.84 0.94 0.97
Item 3 1.83 (0.50) 0.96 0.92 0.83 091
Physical activity competence 5.30 (1.45) N/A N/A 0.86 0.95
Total domain score 23.51 (5.65) N/A N/A 0.74 0.97

Abbreviations: SD, standard deviation; N/A, not applicable. Item-total correlation refers to the magnitude of
association between each item with its domain. Cronbach’s a refers to the value when the item is removed.
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Table 3. Reliability, test-retest and systematic differences in knowledge and understanding questions
from CAPL-2 battery assessment.

. Item-Total Item-Total Average Inter-Item Cronbach’s
Knowledge and Understanding Mean (SD) Correlation (Test) Correlation (Retest) Correlation [0

Physical activity (PA) guidelines 0.97 (0.19) 0.61 0.10 0.11 0.20
Cardiorespiratory fitness definition 1(0) N/A N/A N/A N/A
Muscular endurance definition 1(0) N/A N/A N/A N/A
Improve sport skills 0.53 (0.50) 0.70 0.23 0.21 0.34

PA comprehension 5.80 (0.60) 0.56 0.03 0.21 0.34

Total domain score 9.30 (0.86) N/A N/A 0.08 0.22

Abbreviations: SD, standard deviation; N/A, not applicable. Item-total correlation refers to the magnitude of
association between each item with its domain. Cronbach’s a refers to the value when the item is removed.

The Knowledge and Understanding domain exhibited low internal consistency (Cron-
bach’s «: 0.20-0.34), likely due to limited variability and the relatively high baseline
knowledge demonstrated by the sample, primarily composed of physically active children.

Correlation analysis of Pearson’s r was performed for the first measurement of the
tool (test). The results of these analyses are presented in Table 4.

Table 4. Correlations within the Motivation and Confidence domains.

1 2 3 4
1. Predilection -
2. Adequacy 0.77 * -
3. Intrinsic Motivation 0.83 * 0.74 * -
4. PA competence 0.77 * 0.88 * 0.80 * -
Motivation and Confidence 0.92 * 0.93 * 0.90 * 0.94 *

¥p<0.05.

Results showed that the analysis of the subscales of the Motivation and Confidence
domain is nearly perfect, and associations were observed regarding the overall score of the
Motivation and Confidence domain.

3.2. Predictiveness of the CAPL-2 Questionnaire Based on Physical Activity

As demonstrated from previous research [33], the questionnaire allows to check the
overall diagnostic performance of the CAPL-2 questionnaire. For this purpose, the ROC
curve analysis was performed, and the AUC was estimated. The analysis was made by
setting two cut-points [9]: physically active for at least 60 min for 5 days a week; physically
active for 6 days a week. The AUC values of the models were sufficient [42], indicating a
good fit of the classification (Table 5). The highest predictive capability was found for the
model based on the first cut-point.

Table 5. Results of ROC curve analysis for CAPL-2 Questionnaire total score based on children’s

physical activity.
MVPA Cut Point Coefficient St.Err. z p [95% CI] AUC (95% CI) p
Active for at least 6 days 0.33 0.65 7.07 <0.001 0.20 0.46 0.89 <0.001
Active for at least 5 days 0.42 0.09 4.69 <0.001 0.24 0.59 0.95 <0.001

The ROC curve for the first physical activity cut-point (PA for 5 days and 60 min) is

reported in Figure 1.
These results indicate that physical literacy scores are predictive of physical activity
levels (engaging in at least 60 min of PA over at least 5 days).

55



Children 2025, 12, 1290

1.00

0.75

0.50

Sensitivity

0.254

0.00

T T T T T
0.00 0.25 0.50 0.75 1.00
1 - specificity

Area under ROC curve = 0.9509

Figure 1. ROC curve for the physical activity cut-off point for 5 days and 60 min.

4. Discussion

The present study aimed to validate and culturally adapt the CAPL-2 questionnaire
for Italian children aged 8 to 12 years. Our findings demonstrate that the Italian version of
the CAPL-2 is a reliable and valid instrument for assessing PL in this population.

The Italian adaptation of the CAPL-2 questionnaire demonstrated excellent internal
consistency within the Motivation and Confidence domain, with Cronbach’s alpha values
ranging from 0.88 to 0.97 across subscales (see Table 2). These findings align with previous
validation studies in other cultural contexts. For instance, Elsborg et al. [32] reported high
internal consistency in the Danish version of the CAPL-2, supporting the reliability of this
domain across different populations. Similarly, Gunnell et al. [43] refined the Motivation
and Confidence domain in the CAPL-2, resulting in a shorter, theoretically aligned ques-
tionnaire with strong psychometric properties. These consistent findings across studies
suggest that the Motivation and Confidence domain is robust and effectively captures the
intended constructs in diverse cultural settings [44]. The high item-total correlations under-
line the questionnaire’s reliability and suggest that the translated and culturally adapted
items effectively capture Italian children’s motivational and self-perception dimensions
associated with PA.

With respect to the Knowledge and Understanding domain, a low internal consistency
was found, with Cronbach’s alpha values ranging between 0.20 and 0.34 (see Table 3),
hypothetically explained by the high homogeneity among answers, providing low vari-
ability. Nevertheless, results are consistent with previous international validation studies
of the CAPL-2 questionnaire. For example, Pastor-Cisneros et al. [17] reported similar
results in the Spanish version, suggesting potential challenges in measuring knowledge
and understanding consistently across different populations. Similarly, in the Chinese
version of CAPL-2, Li et al. [30] reported a Cronbach’s « of 0.52 for the Knowledge and
Understanding domain, whereas the Motivation and Confidence domain achieved a signif-
icantly higher o of 0.82, indicating that the cognitive domain consistently demonstrates
lower internal consistency across cultural adaptations.

A Confirmatory Factor Analysis (CFA) was not performed in the present study due to
the relatively small sample size, which would not meet the recommended criteria for stable
estimation in a multi-item, multi-factor model [45,46]. Our primary aim was to translate,
culturally adapt, and assess the internal consistency and test-retest reliability of the CAPL-2
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questionnaire, in line with the methodological approach adopted by other cultural adapta-
tion studies [17,32,33]. The consistently low Cronbach’s « values reported internationally
for the Knowledge and Understanding domain suggest that this is a recurring characteristic
of the domain rather than a result of factorial misfit.

In our sample, the item “Physical activity guidelines” showed modest correlations
(0.61 at test, significantly reduced to 0.10 at retest), while the “Improve sport skills” item
also displayed low reliability (0.70 at test and 0.23 at retest). Moreover, the low average
inter-item correlations (ranging from 0.11 to 0.34) suggest limited coherence among items.
Given the consistently high mean scores (9.3 & 0.98), the low variability among responses
likely reduced internal consistency, suggesting a ceiling effect [47]. However, these findings
do not necessarily indicate translation flaws or a lack of comprehension among Italian
children. Rather, they may reflect both the characteristics of a well-informed and physically
active sample, and the structural limitations of this domain across multiple contexts. In
particular, the mixed item formats (multiple choice and gap-filling) and the limited number
of items may not sufficiently capture the complexity of children’s knowledge.

The inter-subscale correlations observed in Table 4 showed strong positive relation-
ships among the four subscales of the Motivation and Confidence domain: Adequacy,
Predilection, Intrinsic Motivation, and Perceived Physical Competence. These findings
are consistent with previous studies that have validated the CAPL-2 in different cul-
tural contexts. For instance, Gunnell et al. [43] conducted a factor analysis to refine the
Motivation and Confidence domain, resulting in a model that included these four sub-
scales, each demonstrating strong internal consistency and theoretical alignment with
self-determination theory. Their study supports the structural coherence of these constructs
within the CAPL-2 framework. Similarly, Elsborg et al. [32] reported high internal consis-
tency within the Motivation and Confidence domain, further corroborating the robustness
of these interrelated constructs across different populations. These consistent findings
across studies reinforce the validity of the Motivation and Confidence domain in assessing
PL among children.

Finally, the CAPL-2 demonstrated excellent predictive validity in identifying children
meeting the World Health Organization’s physical activity recommendations. The area under
the curve (AUC) values were 0.95 for children active at least five days per week and 0.89 for
those active six days per week, both statistically significant (p < 0.001). These findings are
consistent with previous studies validating the CAPL-2 in various populations. For instance,
Mendoza-Mufioz et al. [35] reported good fit indices in the Spanish version of the CAPL-2,
supporting its validity in assessing physical literacy and predicting physical activity levels.
In fact, the model showed better predictive capabilities for children meeting at least 5 days
of physical activity, indicating the questionnaire’s strong discriminative power, particularly
among children closely adhering to minimum recommended activity levels. These findings
confirm the CAPL-2’s utility as a practical screening instrument in identifying physically
inactive children and underscore its potential to guide targeted interventions.

Figure 1 visually supports the results, clearly displaying excellent sensitivity and
specificity of the CAPL-2 questionnaire for predicting adherence to recommended activity
levels, further reinforcing the quantitative evidence provided by Table 5. The curve’s
proximity to the top-left corner indicates optimal discriminatory performance, confirming
the questionnaire’s appropriateness for practical use in educational and health-related
settings in Italy.

In the context of Italy’s recent educational reforms in the PA and sport contexts,
including the introduction of specialized physical education teachers in primary schools
(Legge 234/2021) [36] the validation of CAPL-2 questionnaire could offer a valuable and
culturally adapted instrument to trainers, teachers, educators and policymakers, enabling
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effective monitoring of PL and targeted interventions from an early age. By facilitating early
identification of areas needing support, this instrument contributes to the establishment
of active lifestyle trajectories that could persist throughout the lifespan [48,49]. In fact,
motor illiteracy complicates motor development by reducing competence and confidence,
often worsened by obesity [48]. This creates a barrier that negatively impacts emotional,
behavioral, physical, and cognitive domains. Effective physical education strategies that
promote autonomy, motivation, and confidence can increase enjoyment and perceived
competence, encouraging long-term participation in physical activities [50,51].

The present study’s purpose also aligns with broader European efforts promot-
ing physical literacy, including the Erasmus+ project “Promoting Physical Literacy and
Healthy Lifestyles through Digital Materials for University Students (ePhyLi)” (https:
/ /www.ephyliproject.eu/), involving Italian institutions. Furthermore, it aligns with global
sustainability and health objectives, such as those outlined in the UN 2030 Agenda [52],
fostering healthier lifestyles from childhood into adulthood and recognizing sport and
physical activity as catalysts for health, education, inclusion, and equality. Our study
supports this perspective by providing a validated tool to monitor and promote these
outcomes through physical literacy.

Moreover, our study aligns with the Kazan Action Plan [53] that provides a relevant
international framework emphasizing inclusive access for all to physical education, phys-
ical activity, and sport, with the specific aim to maximize contributions to sustainable
development goals (SDGs). Among the Kazan priorities, our study specifically addresses
objectives related to improving health and well-being (SDG 3), providing quality education
and lifelong learning (SDG 4), fostering inclusive participation (SDG 10), and advancing
gender equality (SDG 5). Furthermore, the Kazan Action Plan underscores the importance
of using evidence-based tools, such as CAPL-2, for monitoring and evaluating policies and
programs designed to enhance physical literacy, physical activity, and sport participation.

5. Limitations

While the present study provides a reliable and contextually adapted tool for assessing
and promoting PL among Italian children, certain limitations should be considered when
interpreting the findings. Although the sample size was sufficient to estimate internal
consistency with confidence and is comparable to that used in other CAPL-2 questionnaire
adaptations [17,32,33] it was not adequate to perform advanced factorial analyses such
as Confirmatory Factor Analysis (CFA). Moreover, the use of a convenience sample from
a national summer camp, while providing diversity in socio-cultural backgrounds, may
limit the generalizability of the results to the broader pediatric population. In addition, the
cross-sectional design did not allow for the assessment of long-term stability or predictive
validity of the CAPL-2 questionnaire. Future research should involve larger, randomized,
and demographically diverse samples to enhance external validity, and adopt longitudinal
or intervention-based designs to examine how early PL levels influence sustained PA and
sport participation across the lifespan.

6. Conclusions

To our knowledge, this is the first study adapting and validating the CAPL-2 ques-
tionnaire for Italian children aged 8 to 12 years, providing a reliable and contextually
appropriate instrument to assess PL. It represents a significant advancement in aligning
assessment tools with the holistic and inclusive conceptualization of PL [15], facilitating
culturally tailored interventions aimed at lifelong engagement in physical activity.

The strong internal consistency observed in the Motivation and Confidence domain
underscores the relevance of affective components in fostering sustained physical activ-
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ity behaviors, supporting multicomponent interventions addressing these motivational
dimensions [32,43]. Conversely, the lower reliability observed in the Knowledge and Un-
derstanding domain, likely due to limited variability among participants with high baseline
knowledge, highlights the necessity for further refinement to ensure comprehensive as-
sessment across all PL domains. These results suggest that future research should explore
revised formulations or expanded item pools to enhance the psychometric performance of
this domain.
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Highlights

What are the main findings?

e  C(luttering in childhood and adolescence reflects a developmental vulnerability in
motor—cognitive integration, rather than a purely rate-based fluency disturbance.

e  Symptoms emerge most clearly under high linguistic and cognitive load, demon-
strating the central role of task demands and contextual variability in the expression
of cluttering.

What are the implications of the main findings?

e  Assessment should prioritise connected speech tasks that reveal timing instabil-
ity, articulatory blurring and reduced monitoring, with attention to discourse and
cognitive load.

e Intervention and future research should adopt developmentally informed, motor—
cognitive frameworks capable of guiding more precise diagnosis, treatment and
theoretical refinement.

Abstract

Background/Objectives: Cluttering in childhood and adolescence is characterised by un-
stable speech timing, excessive coarticulation, irregular rate and reduced intelligibility, yet
the developmental mechanisms underpinning these behaviours remain partially under-
stood. This review synthesises empirical and conceptual evidence to examine cluttering
through the lenses of speech motor development, neurocognitive mechanisms, task de-
mands and allied-health practice. Four research questions guided the review, focusing on
motor characteristics, developmental and neurocognitive mechanisms, task dependence
and clinical implications. Methods: Following the PRISMA guidelines, a comprehensive
search across seven databases identified studies examining cluttering in children and ado-
lescents. Screening and full-text review were conducted in Covidence by two reviewers,
with disagreements resolved by the first author. Twelve studies met the inclusion crite-
ria. Data were extracted into a structured evidence table, and findings were synthesised.
Results: Across studies, cluttering emerged as a developmental motor—cognitive integra-
tion disorder. Speech motor systems, linguistic formulation and executive control showed
difficulty aligning under real-world communicative demands, leading to timing instability,
articulatory blurring and reduced intelligibility. Symptoms were strongly influenced by
task complexity, with spontaneous and extended discourse eliciting the most pronounced
breakdowns. Conclusions: Cluttering reflects a developmental vulnerability in coordi-
nating speech motor, linguistic and executive processes. Understanding cluttering in this
way challenges narrow rate-based definitions and supports more nuanced approaches to
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assessment and intervention. Significant evidence gaps remain, particularly in longitudinal,
mechanistic, multilingual and ecologically valid research. This developmental motor—
cognitive framework strengthens the conceptual foundations of cluttering and clarifies its
relevance to children’s motor development.

Keywords: cluttering; speech motor development; motor—cognitive integration;
neurodevelopment; speech timing; developmental communication disorders

1. Introduction

Cluttering is a fluency disorder characterised by an abnormally rapid or irregular
speech rate, excessive coarticulation, reduced intelligibility, atypical pausing, and deficits
in self-monitoring [1]. Although traditionally discussed alongside stuttering, contemporary
perspectives increasingly emphasise that cluttering reflects a distinct pattern of impaired
speech motor control and cognitive-linguistic regulation, with symptoms often emerging
during late childhood and adolescence [2]. The Limited Consensus Definition (LCD) [3]
identifies three core features, i.e., perceived rapid or irregular speech rate, atypical flu-
ency, and reduced intelligibility resulting from over-coarticulation or collapsing syllables,
all supported by additional characteristics such as deficits in pragmatic, linguistic, and
executive functioning.

Understanding cluttering from a developmental perspective is of importance for
two reasons. First, speech is a highly specialised motor skill that undergoes maturation
throughout childhood and adolescence. Motor development frameworks [4] emphasise
the progressive stabilisation of timing, sequencing, coordination, and automatization, i.e.,
domains directly implicated in cluttering. Dynamic systems models (e.g., [5]), describe
speech as the coordinated integration of multiple subsystems (respiratory, phonatory, ar-
ticulatory, prosodic), each sensitive to cognitive load and task demands. When system
demands exceed developmental capacity, instability, variability, and breakdowns occur.
This motor-development lens highlights the interplay between perceptual, cognitive, lin-
guistic, and motor processes across maturation. Cluttering, when viewed as an emerging
speech motor coordination disorder with neurodevelopmental roots [6], aligns naturally
with this focus.

Assessment represents a central challenge in the study of cluttering, particularly in
children and adolescents [7]. Unlike more narrowly defined fluency disorders, cluttering
is typically identified through patterns observed in connected speech, including variable
speech rate, reduced intelligibility, excessive coarticulation, and limited self-monitoring,
rather than through discrete, task-independent markers [8,9]. As a result, assessment
practices often rely on extended discourse tasks and clinical judgement, and may vary
substantially across settings. These challenges highlight the importance of understanding
how speech motor development, linguistic and cognitive load, and task demands interact to
shape the manifestation of cluttering and underscore the need for a clearer developmental
framework to inform assessment decisions.

However, emerging evidence indicates that cluttering rarely exists in isolation. Its
behavioural presentation often reflects the combined influence of speech motor control,
linguistic planning, executive functioning, and broader neurodevelopmental profiles. For
example, Bangert, Scott [10] identified cluttering-like features in children with fragile X syn-
drome, and suggested that atypical timing and working memory may contribute to fluency
breakdowns. Fidan and Sariyer [7] reported that children with cluttering show weaknesses
in attention, working memory, and motor planning abilities, particularly in those with co-
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occurring attention-deficit/hyperactivity disorder (ADHD). Scott [11], Scott [12] provided
developmental insights into rapid speech, over-coarticulation, and contextual variability
across tasks, while Kelkar [1] and Duchan and Felsenfeld [13] emphasised the need for
integrated motor, linguistic, and pragmatic assessment frameworks. Collectively, cur-
rent evidence underscores the importance of examining cluttering as a multidimensional,
developmentally sensitive, and context-dependent phenomenon.

Despite these advances, major gaps remain. Most studies addressing speech motor
control in cluttering have been conducted with adults (e.g., [14]), therefore limiting their
applicability to childhood development. Paediatric research is scarce and heterogeneous,
with few studies exploring underlying motor or neurocognitive mechanisms directly.
Few studies used kinematic, neuroimaging, or physiological measures to examine motor
coordination or timing processes. Instead, existing paediatric literature relies largely on
behavioural description, or indirect indices of cognitive load and motor planning (e.g., [15]).
This gap limits our understanding of how speech motor control, linguistic formulation,
and executive processes interact during critical periods of motor and cognitive growth.

Given these limitations, there is a need for a comprehensive synthesis and analysis
of what is currently known about the speech motor, neurocognitive, and neurodevelop-
mental mechanisms underpinning cluttering in children and adolescents, and that situates
these mechanisms within contemporary motor development frameworks. Such a review
is essential for informing allied health practice, refining assessment, and guiding future
intervention research grounded in motor-learning principles. Moreover, an integrative
perspective is essential for improving early identification, particularly for children whose
cluttering co-occurs with ADHD, fragile X syndrome, developmental language disorder,
or other neurodevelopmental conditions (see, for example, [7,10,16,17]). A developmental
motor—cognitive model may also inform school-based practice and educational participa-
tion that will ensure young people with cluttering receive support that aligns with their
communication needs and developmental profile.

This review is intended as a systematic synthesis with a structured narrative and
developmental focus, aiming to clarify patterns, constraints, and gaps in an emerging
literature rather than to establish empirically validated causal models. It was guided
by four interrelated research questions that together form the conceptual framework of
the manuscript. Specifically, we asked: how speech motor characteristics are described
in children and adolescents who clutter (RQ1); what developmental and neurocognitive
mechanisms are proposed to underpin these characteristics (RQ2); how task demands and
contextual factors shape the expression of cluttering (RQ3); and what implications these
findings have for allied-health assessment and intervention (RQ4). Each section of the
review is explicitly aligned with one or more of these questions, enabling a structured
synthesis of a heterogeneous evidence base and a clear argumentative progression from
description to interpretation and application.

2. Methods

This review employed a systematic search strategy combined with a structured nar-
rative synthesis to examine cluttering in children and adolescents. While systematic
procedures were used to identify, screen, and select relevant studies, a meta-analytic ap-
proach was not appropriate due to substantial heterogeneity in study designs, participant
characteristics, outcome measures, and theoretical orientations. Instead, findings were
synthesised narratively using a domain-based framework aligned to the four research
questions, allowing integration of empirical, developmental, and clinically informative
evidence while preserving conceptual coherence. Our procedures followed PRISMA guide-
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lines [18,19], and the screening process was facilitated using Covidence [20] to ensure
consistency and reproducibility.

2.1. Search Strategy

We conducted a comprehensive search of four major databases commonly used in com-
munication sciences and allied health research: Scopus, PsycINFO, PubMed, and CINAHL.
Our search terms combined cluttering-related descriptors (such as “cluttering”, “fluency

A i i

disorder”, “rapid rate”, “irregular rate”, “over-coarticulation”), motor and neurocognitive

/7 Vi V7

terminology (including “motor planning”, “speech motor”, “timing”, “coarticulation”,

s s

“executive function”, “working memory”, “attention”, etc.), and developmental descrip-
tors (e.g., “child”, “children”, “adolescent”, “school-aged”, “developmental”). Boolean
operators and truncation ensured high sensitivity across databases. We supplemented
database searching with manual screening of reference lists of key cluttering publications
and forward citation tracking of foundational cluttering papers to ensure full coverage of
relevant empirical studies. Tables 1 and 2 outline the PICO framework, key concepts and

terms that facilitated the search.

Table 1. PICO framework.

Element Description
Population Children and adolescents (0-18 years) with cluttering
. Speech motor control, motor learning, neuromotor
Intervention .
development, or neurological correlates
Comparison Typically developing peers, or other fluency/motor disorders

(e.g., stuttering, CAS, dysarthria)

Speech fluency, intelligibility, prosody, motor
Outcomes timing/coordination, neurological or genetic findings,
intervention outcomes

Table 2. Concepts and search terms. Asterisks (*) are used as a truncation or wildcard symbol to
broaden the search by retrieving various forms and spellings of a word from a single root term, which
is a standard/default practice in systematic searches of literature.

Concept Key Terms

v 77

“clutter*”, “fluency disorder”, “disfluency”, “rate disorder”,
“rapid speech”, “stutter*”

Cluttering/Fluency Disorder tachylalia”,

V773

”motor control”, “motor timing”, “motor coordination”, “motor learning”,

Motor control/Motor speech “speech motor control”, “speech movement”, “articulatory control”,
y
“neuromotor”
“neurodevelopment”, “developmental disorder”, “neural correlates”,
Neurodevelopment o o

“neurological”, “cerebellar”, “basal ganglia”, “executive function”, “genetic”

“stutter*”, “childhood apraxia of speech”, “CAS”, “dysarthria”, “speech

Comparative disorders
P sound disorder”

Allied health /intervention “speech pathology*”, “speech therap*”, “occupational therap*”,
“physiotherapy*”, “interven*”, “motor learning”, “rehab*”, “communica*”
Population “child*”, “adolescen*”, “youth”, “p?ediatric”, “school-age*”

2.2. Inclusion and Exclusion Criteria

To ensure that the final corpus addressed RQ1-RQ4 directly and reflected contempo-
rary definitions of cluttering, we applied the inclusion and exclusion criteria summarised
in Table 3. These criteria were developed prior to screening and applied consistently
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throughout. These criteria ensured that each included study contributed directly to at least
one of the four research questions.

Table 3. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Research examining cluttering in children or adolescents
(<18 years), or mixed-age samples with extractable Studies involving adults only
paediatric data

Cluttering is defined using behavioural indicators (e.g., Studies describing fluency or motor speech disorders
rapid or irregular rate, excessive coarticulation, reduced unrelated to cluttering (e.g., isolated stuttering,
intelligibility, atypical fluency) dysarthria, or CAS)

Evidence relevant to speech motor development,
neurocognition, neurodevelopmental mechanisms,
contextual task effects or allied-health clinical practice

Studies using the term cluttering without describing
cluttering-consistent behaviours

Non-peer-reviewed studies; or studies published
before 2000

Published in English Non-English studies

No geographical restrictions

Peer-reviewed studies published after 1 January 2000

Importantly, studies published from the year 2000 onwards were included to ensure
alignment with contemporary diagnostic frameworks, assessment practices, and develop-
mental models of speech motor and neurocognitive functioning. Earlier literature, while
foundational in defining cluttering as a clinical construct, often predates greater consensus
regarding diagnostic criteria and task-based assessment approaches, limiting its direct
comparability with more recent developmental research.

Studies were also excluded if the term “cluttering” was used without accompanying
descriptions consistent with established behavioural characteristics of cluttering, such
as irregular or rapid speech rate, reduced intelligibility in connected speech, excessive
coarticulation, or limited self-monitoring. This criterion was applied to ensure conceptual
consistency across included studies. Decisions regarding exclusion on this basis were
made through independent screening by two reviewers, with discrepancies discussed and
resolved through consensus, and final determinations made by the first author.

Given the limited number of empirical paediatric studies directly examining cluttering,
the review included multiple types of scholarly sources, including theoretical, conceptual,
and clinically grounded papers, provided they addressed at least one of the research ques-
tions. These sources were not treated as equivalent to empirical studies; rather, they were
used to inform the interpretation of developmental mechanisms, contextualise empirical
findings, and articulate implications for assessment and intervention. This approach re-
flects established practice in integrative developmental reviews where empirical evidence
is sparse or methodologically heterogeneous.

2.3. Study Screening and Selection

All search results were imported into Covidence for automated deduplication. The
screening process followed the PRISMA framework [18,19]. Title and abstract screening
was conducted independently by the second and third authors, who applied the eligi-
bility criteria to each record. Full-text screening followed the same procedure. When
disagreements occurred, the first author resolved conflicts through discussion and final
decision-making. Twelve studies were included in the final synthesis and analysis, which
provided the evidence foundation for addressing RQ1, RQ2, RQ3 and RQ4. The PRISMA
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flow diagram (Figure 1) provides a detailed account of the number of records identified,

screened, excluded and retained.

Studies from databases/registers (n = 1376)
Citation searching (n = 808)
Web of Science (n = 542)
Scopus (n=11) Grey literature (n=23)
PubMed (n=9)
PsycINFO (n=5)
CINAHL (n=1)
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Figure 1. PRISMA chart. * Note. Research of wrong outcomes denotes those that did not report
motor, neurocognitive, or task/context outcomes relevant to RQ1-RQ4, including Adult-only sample;
that did not examine cluttering (term used without cluttering-consistent behaviours); or that did not
report outcomes relevant to motor/neurocognitive/task-demand aims (RQ1-RQ4).

2.4. Data Extraction and Synthesis

Once the final corpus was established, the first author extracted all data into a struc-
tured template that captured study design, participant characteristics, definitions of clutter-
ing, speech motor, neurocognitive or contextual features addressed, and primary findings.
Each study was also mapped to the research questions it informed. Our synthesis proceeded
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by grouping extracted findings according to the four research questions: RQ1 (speech motor
development), RQ2 (neurocognitive and neurodevelopmental mechanisms), RQ3 (task and
contextual influences) and RQ4 (allied-health assessment and intervention implications).

Given the heterogeneity of the cluttering literature, synthesis was guided by explicit
differentiation criteria rather than statistical aggregation. Studies were interpreted ac-
cording to their primary analytic focus and developmental relevance, including empirical
investigations of paediatric speech motor and cognitive characteristics, developmentally in-
formative mechanistic studies, and clinically grounded conceptual or assessment-oriented
work. This distinction informed a structured narrative synthesis aligned to the research
questions, enabling identification of converging patterns, areas of divergence, and levels
of evidential support across domains while avoiding inappropriate homogenisation of
clinically and methodologically diverse sources.

Notably, the included literature reflects an emerging evidence base with substantial
methodological diversity. To support transparent synthesis, we interpreted findings using
an evidence-tier approach. Empirical paediatric studies were treated as direct evidence for
observable speech motor and task-related characteristics. Mechanistic or developmentally
informative work was used to propose functional interpretations, without being treated as
causal evidence for paediatric mechanisms. Conceptual and clinical literature were used
to clarify definitions, assessment considerations, and plausible pathways linking speech
motor and cognitive demands, with inferences explicitly identified as interpretive rather
than empirically established. This approach allowed integration across domains while
keeping claims aligned with the strength and type of evidence available.

To support transparency and provide a clear overview of the evidence base, Table 4
summarises the twelve included studies. For each study, we summarise study design,
participant characteristics, focal domains and their contribution to RQ1-RQ4. The table
provides a point of reference for the subsequent synthesis and highlights the methodological
diversity of the existing literature on cluttering in children and adolescents.

Table 4. Summary of included studies.

Stud Type/Design Age Range Focus MOtOf/l:Ineel::;fliffVelop' Allied-Health Relevance
uay P 8 8 8 u . Relevance to RQs
Emphasis
Lifespan . . Speech motor timing; Rate/timing
Alm [21] Theoretical paper (developmentally Ni}zgﬁ;ﬂgﬁizal cortico-basal ganglia assessment RQ1, RQ2
relevant) circuits considerations
. Adults with .
Bakker, Empirical developmental Motor performance  Capacity-based motor Rate control; RQ1, RQ3,
Myers [22] (cross-sectional) rele\I/)ance under rate demands control monitoring RQ4
Bangert, (crc];:srn&gvlelzgzlr\al Young adults with ~ Neurodevelopmental FXCS(;r(;lft’;zi t;r:lmcling, Complex-needs RQ2, RO4
Scott [10] FXS phenotype & ! assessment ’
phenotype study) disfluency
Evidence . Genetic and Neural circuitry; Family history;
Drayna [17] synthesis Lifespan heritable factors familial aggregation referrals RQ2
. . Motor-language- .
. Multilayered clinical . Contextualised RQ1, RQ3,
Duchan [6]  Conceptual paper Lifespan construct pragmatics assessment ROQ4
interaction
Duchan and N . - . .
Felsenfeld Theoretical paper Lifespan Historical eVQIutlon Mo’For * cognitive .Dlagno.stlc RQ1, RQ4
[13] of cluttering shifts over time implications
Fidan and Empirical Children/ EE, WM, readin, l:iilt)i-\};n:rfg Integrated
pirice adolescents with ! - & . cognitive-motor RQ2, RQ4
Sariyer [7] (comparative) ADHD cluttering motor-planning assessment
difficulties
68 https://doi.org/10.3390/ children13010097



Children 2026, 13, 97

Table 4. Cont.

Motor/Neurodevelop- .
. Allied-Health Relevance
Study Type/Design Age Range Focus mental' Relevance to ROs
Emphasis
SLPs (Speech Outcome
Kelkar, Instrument Language Patholo- . Participation-level .
. e . Impact of cluttering . measurement in RQ4
Sanghi [23] validation gists)/consumer impacts .
practice
samples
L. . Contextual .
Scott [12] Empirical (child Schqol—aged variability in Motor timing + Task-based RQ1, RQ3
speech study) children . discourse load assessment
cluttering
Clinical/ .. Assessment,
Scott [11] educational Schqol—aged Symptomatology M(?tor, cognitive, and differential RQ1, RQ3,
. . children and management linguistic features . . RQ4
discussion diagnosis
. . Motor speech Timing, articulation, Motor-focused RQ1, RQ3,
Ward [24] Theoretical paper Lifespan mechanisms prosody intervention RQ4
Ward [25] Clinical practice Lifespan Motor-focused Rate control, Clinically RQ3, RQ4

treatment over-articulation actionable strategies

paper

3. Developmental and Theoretical Foundations of Cluttering

Cluttering during childhood and adolescence unfolds within a developmental period
marked by ongoing refinement of speech motor control, linguistic organisation and execu-
tive functioning. These systems mature at different rates, and their interaction forms the
foundation for understanding the speech characteristics and the contextual influences ad-
dressed in RQ1 and RQ3. By situating cluttering within a developmental motor framework,
we can interpret the varied behaviours observed in children who clutter and understand
why symptoms fluctuate across tasks and contexts.

Speech production is among the most temporally complex motor behaviours acquired
in childhood [26]. Throughout the school years, children continue to refine articulatory
timing, coarticulation and prosodic control as their speech motor patterns stabilise. De-
velopmental research (e.g., [27,28]), shows that children’s articulatory gestures are more
variable, their segmental timing is less consistent, and their prosodic patterns are more eas-
ily disrupted than those of adults. These patterns reflect a motor system still consolidating
automatization [29].

This developmental context is essential for understanding cluttering. Paediatric
research shows that children who clutter exhibit timing variability, imprecise articulation
and instability in rhythm, particularly during spontaneous or complex speech [11,12]. Such
findings align with developmental speech literature (e.g., [30,31]), that when linguistic
formulation demands increase, a less stable motor system becomes more vulnerable to
irregular timing and articulatory “blurring”. Cluttering becomes especially salient during
the school years, when communicative and cognitive expectations increase, and children
are required to produce longer, more complex verbal output.

Although rapid or irregular speech rate is often emphasised clinically, cluttering is
widely understood as a multidimensional phenomenon involving the interaction of motoric,
linguistic and pragmatic processes [1]. Historical analyses outline cluttering as encompass-
ing imprecise articulation, disorganised verbal output and reduced self-monitoring [13],
while more recent descriptions highlight excessive coarticulation, unstable prosody and
difficulty coordinating extended discourse [11]. Consensus work underscores that no
single feature defines cluttering; rather, individuals present with different constellations of
symptoms that shift across contexts [2,6,21,24,25].

This multidimensionality is reflected across the included studies. Children who clut-
ter not only speak rapidly or irregularly but often show reduced monitoring, challenges
with discourse organisation and difficulty maintaining intelligibility across tasks [11,12].
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Evidence from neurocognitive comparisons indicates that weaknesses in executive func-
tioning or working memory can compound motor difficulties [7], therefore reinforcing the
need to understand cluttering as the outcome of interacting systems rather than a purely
motoric disorder.

Speech timing and sequencing are also central to the motor profile of cluttering.
Empirical work shows that individuals who push speech beyond their capacity limits
experience timing breakdowns and decreased intelligibility [22]. In children who clutter,
timing instability is especially evident during connected speech production, where the
motor system must coordinate rapid sequences while managing linguistic formulation
demands. Rapid bursts, uneven rhythm and variable segment durations have been docu-
mented in school-aged children [12], particularly during tasks requiring spontaneous or
extended speech.

Theoretical accounts also support these observations. Models of speech motor con-
trol describe cluttering as involving vulnerabilities in systems responsible for temporal
regulation and articulatory coordination [24] and potential inefficiencies in neural cir-
cuits associated with rhythm and sequencing [21]. Together, these models and empirical
findings suggest that cluttering reflects a developmental weakness in achieving stable,
well-regulated timing, especially when cognitive or linguistic load increases.

In general, fluency disorders arise from the interplay between speech motor control,
linguistic organisation and executive functioning [32]. Weaknesses in any of these domains
can, therefore, amplify demands on the others. For example, rapid linguistic formulation
may exceed the motor system’s capacity to execute articulatory sequences with precision,
leading to excessive coarticulation or syllable collapse [33]. Similarly, unstable motor
execution may increase the cognitive load required to monitor speech, reducing efficiency
in discourse organisation [34].

The included studies provide evidence of these cross-domain interactions. Children
with ADHD who clutter show greater difficulty with executive functioning and working
memory than their non-cluttering peers [7], evidencing how neurocognitive load can inten-
sify motor variability. Studies also show that cluttering behaviours often increase during
narrative or expository tasks that require sustained planning and monitoring [11,12]. These
findings are consistent with developmental research and demonstrate that fluent speech in
complex tasks depends on well-coordinated cognitive, linguistic and motor systems.

When cluttering is viewed through a developmental motor lens, a coherent inter-
pretation emerges, i.e., cluttering reflects an imbalance in the synchronisation of speech
motor, linguistic and cognitive subsystems. Dynamic systems theories emphasise that
motor output becomes less stable under increased cognitive load or rapid transitions [5],
precisely the conditions under which cluttering features are most prominent. Structured
tasks that reduce linguistic demands often minimise cluttering behaviours, while sponta-
neous discourse and complex communicative activities reveal the system’s vulnerabilities.
Understanding cluttering as a dynamic coordination disorder, therefore, clarifies why
symptoms fluctuate across tasks and contexts and prepares the ground for examining the
neurocognitive mechanisms that underpin these patterns.

Taken together, findings across these studies converge on the presence of instability in
speech timing and articulatory coordination, particularly during connected speech, despite
variability in study design and measurement approaches. While empirical paediatric stud-
ies provide direct evidence of these features, clinically oriented and mechanistic accounts
offer complementary insights into how such motor instability may emerge under increased
linguistic and cognitive load. Differences across studies appear to reflect task demands and
analytic focus rather than contradictory findings, supporting a coherent interpretation of
speech motor disruption as a central feature of cluttering.
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4. Speech Motor Characteristics of Cluttering in Childhood
and Adolescence

The empirical studies included in this review offer converging evidence on the speech
motor characteristics of cluttering in children and adolescents and directly inform RQ1
and RQ3. Although the evidence base is modest and varied in scope, clear patterns
emerge across studies: children who clutter demonstrate instability in speech timing and
rhythm, variability in rate regulation, reduced articulatory precision and pronounced task-
dependent fluctuations. These findings complement the conceptual foundations established
in Section 3 and illustrate how developmental vulnerabilities across motor, linguistic and
cognitive systems manifest in observable speech behaviours.

Timing instability is one of the most consistent findings across the included studies.
Research has demonstrated that when speakers exceed their speech motor capacity, timing
becomes irregular and intelligibility declines [22]. Although the study involved clients
across the life span, its capacity-demand framework is directly applicable to developmental
populations. In school-aged children, research found that cluttering symptoms were
marked by variable syllable durations, abrupt shifts in tempo and irregular rhythmic
patterns [12]. These timing disruptions were especially evident during spontaneous and
linguistically complex tasks and were less prominent in structured activities. Descriptive
synthesis [11] reinforces this pattern, noting that inconsistent rhythm and uneven timing
frequently co-occur with reduced intelligibility in children who clutter. Together, these
findings show that timing instability is not a superficial feature of cluttering but a core
indicator of underlying vulnerability in temporal regulation systems. These instabilities
also form a bridge to RQ2, where timing-related mechanisms are examined more directly
from a neurocognitive and neurodevelopmental perspective.

Irregular or excessively rapid speech rate is another key behavioural marker of clutter-
ing, and the included studies emphasise difficulties regulating rate rather than deliberate
speaking fast. Children who clutter often accelerate unintentionally, which suggests lim-
ited capacity to modulate output in real time. For example, children who clutter were
found to produce rapid bursts of speech during narrative and expository tasks, even when
explicitly cued to reduce rate [12]. These uncontrolled accelerations were accompanied
by reductions in intelligibility and increased articulatory imprecision. Speech, therefore,
deteriorates when speakers operate beyond their individual capacity thresholds [22]. Rate
regulation difficulties in cluttering thus reflect disruptions in the dynamic balance between
linguistic formulation and motor execution. These findings support the developmental
motor framework outlined previously and illustrate how regulation demands increase as
communicative complexity grows.

Further, reduced intelligibility in cluttering primarily arises from excessive coartic-
ulation and imprecise or incomplete articulatory gestures. Paediatric data (e.g., [11,12]),
show that children who clutter produced blurred articulatory transitions and collapsed syl-
lables, particularly during longer, less structured speech tasks. These articulatory patterns
were less evident in word-level responses, therefore indicating that cluttering becomes
more salient as linguistic and cognitive demands increase. Similarly, the motor speech
framework [24] describes cluttering as involving excessive anticipatory coarticulation
and reduced segmental precision. Although not focused exclusively on children, this
framework is consistent with empirical observations in paediatric samples and aligns with
developmental research showing that coarticulation patterns continue maturing through
adolescence. When combined with irregular timing and inadequate monitoring, excessive
coarticulation contributes significantly to intelligibility breakdowns in children who clutter.

One of the clearest findings across the included studies is that cluttering symptoms
vary substantially across speaking tasks. For example, cluttering behaviours tend to inten-
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sify during spontaneous and cognitively demanding contexts, whereas more structured
tasks yield fewer or milder symptoms [12]. It is, therefore, important to sample connected
speech across a range of communicative contexts to capture the full breadth of cluttering
behaviours in school-aged children. That means task-dependent variability is not diagnos-
tic noise; it is a defining characteristic of cluttering. This aligns with developmental models
of motor coordination, which show that stability decreases as cognitive or linguistic load
increases. The evidence, therefore, indicates that cluttering cannot be fully understood
without considering the interaction between motor capacity and communicative context.

Several included studies also highlight the relevance of cognitive and neurodevelop-
mental factors in amplifying motor instability. For example, children with ADHD who
clutter are found to exhibit greater weaknesses in executive functioning and working mem-
ory than peers with ADHD who did not clutter [7]. These findings suggest that cluttering
in some children may arise from combined motor and executive vulnerabilities, which can
influence rate regulation, timing consistency and self-monitoring.

Further insights come from research on neurodevelopmental conditions that present
with cluttering-like characteristics. Rapid speech, timing irregularities and segmental
imprecision were also documented in individuals with fragile X syndrome [10]. The
evidence supports the possibility that cluttering shares characteristics with broader timing
and sequencing difficulties observed in neurodevelopmental disorders. These findings lay
the groundwork for understanding the neurobiological mechanisms.

5. Neurocognitive and Neurodevelopmental Mechanisms
Underpinning Cluttering

Cluttering emerges during a developmental period characterised not only by the
refinement of speech motor control but also by substantial growth in executive functioning,
working memory, linguistic integration and neural efficiency. RQ2 seeks to clarify how
neurocognitive and neurodevelopmental factors interact with motor control to shape
cluttering behaviours in children and adolescents. While empirical paediatric studies
provide direct evidence of observable speech motor and task-related features, conceptual
and clinically oriented work offers complementary perspectives on how these features may
arise developmentally and how they manifest in practice. Although the included studies
provide limited direct neurological data, they collectively point to a set of convergent
mechanisms involving timing, sequencing, executive control, processing speed and self-
regulation. These mechanisms help explain why cluttering varies across tasks and why
symptoms often intensify during spontaneous or cognitively demanding communication.

Timing and sequencing processes underpin fluent speech and rely on the coordi-
nated activity of cortical and subcortical neural pathways. Theoretical models highlight
the involvement of cortico-basal ganglia-cerebellar circuits in rate control and temporal
precision [21], and disruptions in these systems have long been proposed as contributors
to cluttering. Although the included studies do not provide direct neurophysiological
evidence, their behavioural findings strongly suggest underlying timing vulnerabilities.
Observations of inconsistent rhythm, variable segment durations and rapid bursts, for
example, indicate reduced temporal stability in children who clutter [12]. The evidence
suggests that cluttering-like features may emerge when neural timing mechanisms are
compromised. Collectively, these findings align with the developmental motor perspective
outlined earlier, i.e., children with cluttering may have a narrower margin of temporal stabil-
ity, causing motor coordination to break down when cognitive or linguistic load increases.

Fluent speech also requires continuous coordination of linguistic formulation, mon-
itoring and real-time motor sequencing. Executive functions, and working memory in
particular, play a key role in managing these processes. Evidence from the included studies
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demonstrates that children who clutter may present with executive function vulnerabilities
that intensify speech motor instability. For example, research found that children with
ADHD who cluttered showed weaker working memory and executive control than chil-
dren with ADHD who did not clutter [7]. Because working memory supports planning,
sequencing and linguistic coherence, reduced capacity can lead to rapid, poorly monitored
speech and disorganised utterances. Furthermore, executive control assists in regulating
rate, inhibiting premature articulatory gestures and adjusting output based on listener
feedback. When these capacities are compromised, rate regulation becomes difficult, mon-
itoring is inconsistent, and cluttering emerges more readily, particularly with complex
communication needs [35]. This neurocognitive interpretation fits well with observations
that individuals who clutter may outpace their planning during speech [36]. Rather than
attributing cluttering solely to a fast rate, as a result, our findings support that cognitive-
linguistic processes and motor planning become misaligned when executive resources are
insufficient to manage the load.

Evidence from children’s speech supports that in cluttering, linguistic planning out-
paces the motor system’s ability to execute articulatory sequences with stability. For
example, documented cases where children appeared to generate linguistic content rapidly,
leading to compressed syllables, excessive coarticulation and reduced intelligibility [12] are
consistent with a planning-execution mismatch, i.e., when linguistic content is generated
more quickly than motor commands can be precisely implemented, speech becomes blurred
and irregular. Such a mismatch may be further compounded by children’s developing
neural systems. For example, neural efficiency increases throughout childhood and ado-
lescence [37], and processing speed in both linguistic and motor domains improves with
age [38]. Therefore, when these systems do not develop synchronously, timing conflicts can
arise [39]. The evidence reviewed suggests that cluttering manifests when linguistic formu-
lation is rapid but motor control is insufficiently stabilised, which results in an unstable
output pattern.

Another critical component of fluent communication is self-monitoring, the ability to
attend to one’s speech in real time and adjust output accordingly. Multiple studies and
clinical descriptions note that individuals who clutter often show reduced self-monitoring
or limited awareness of speech breakdowns [6,11]. This reduced monitoring may reflect
limitations in attention allocation or in the integration of auditory and proprioceptive feed-
back. Self-monitoring demands increase substantially during extended discourse, where
children must maintain coherence, adjust rate and attend to listener needs simultaneously.
When monitoring systems are taxed, children may fail to detect rapid rate increases or ar-
ticulatory imprecision until the breakdown is already perceptible to the listener. Executive
vulnerabilities may, therefore, limit not only planning but also retrospective awareness,
creating a cycle in which cluttering behaviours persist without timely self-correction.

Although cluttering can occur independently, several neurodevelopmental conditions
present with cluttering-like speech characteristics. For example, rapid rate, irregular timing
and imprecise articulation are found in individuals with conditions associated with atypical
neural connectivity and developmental timing differences [10]. Such findings suggest that
cluttering behaviours may arise when underlying neural systems involved in sequencing
and rhythm are affected. Studies examining cluttering in the context of ADHD provide
similar insights. Similarly, executive function weaknesses were also found to contribute
to increased cluttering behaviours [7]. These results suggest that cluttering may, in some
children, reflect broader neurodevelopmental vulnerabilities rather than isolated speech
motor disruption. These observations, however, do not imply that cluttering is secondary
to other developmental conditions; rather, they highlight shared mechanisms, such as
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timing instability, working memory load, and reduced monitoring, that may manifest
across different neurodevelopmental profiles.

In interpreting these findings, it is important to distinguish between observed be-
havioural characteristics and the mechanisms proposed to account for them. While disrup-
tions in speech timing and articulatory coordination are directly observed, for example,
associations with linguistic formulation, attentional control, and executive functioning
are inferred from task effects and developmental patterns rather than demonstrated as
causal relationships. These associations are therefore best understood as functionally linked
dimensions within a broader developmental system rather than as isolated or hierarchically
ordered deficits.

The mechanisms described above, therefore, converge to support an integrated ac-
count of cluttering in childhood and adolescence. Cluttering appears to arise from the
interaction of (a) timing and sequencing vulnerabilities, which reflect inefficiencies in neural
circuits responsible for temporal regulation; (b) executive function and working memory
limitations, which impair planning, attention shifting and monitoring; (c) processing speed
mismatches, which cause linguistic formulation to outpace motor stability; and (d) reduced
self-monitoring, which limit the ability to regulate rate and correct breakdowns. These
interacting vulnerabilities provide a coherent explanation for the speech motor patterns
and the contextual sensitivity observed across studies. They also align with developmental
models emphasising that speech fluency depends on synchronised contributions from
cognitive, linguistic and motor systems. A pattern we found from the synthesis is that
when these systems develop asynchronously or operate under increased load, the risk of
cluttering behaviours increases.

6. Assessment and Intervention Implications for Allied Health Practice

The empirical and conceptual evidence in earlier sections has clear implications for
how cluttering should be assessed and managed within allied-health practice. RQ4 focuses
on identifying elements of assessment and intervention that are supported by the existing
evidence base and are appropriate for children and adolescents, whose speech motor,
cognitive and linguistic systems are still developing. Although the twelve included studies
vary in design and purpose, they converge on a set of clinically meaningful insights that
can guide practice.

Our findings have implications for assessment. Across multiple included studies,
cluttering symptoms were most evident during spontaneous or extended speech [11,12].
Rapid rate, timing instability, excessive coarticulation and reduced intelligibility often
diminished in structured tasks but returned during longer monologic or narrative speech.
For assessment, this underscores the need to obtain samples across a range of contexts,
including conversation, narrative and expository tasks. Reliance on single-word or heavily
scaffolded tasks is likely to under-identify cluttering behaviours.

Rate variability and unintentional acceleration are prominent in children who clut-
ter. Findings that speech deteriorates when speakers exceed their capacity limits [22]
suggest that assessment should examine not only habitual rate but also rate flexibility
and behaviours under increased load. This may involve having the child shift between
speaking rates, sustain a slower rate during complex tasks or demonstrate rate control
while simultaneously organising linguistic content.

Children who clutter also often present with reduced intelligibility caused by blurred
articulatory transitions and excessive coarticulation [12,24]. Assessment should therefore
include careful analysis of articulatory precision, segmental clarity and syllable integrity
within naturalistic speech. Because intelligibility breakdowns frequently emerge only under
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specific conditions, clinicians must attend to task-based variability rather than relying solely
on averaged scores or structured elicitation.

Evidence (e.g., [7]), shows that children who clutter may have weaknesses in working
memory and executive control. Although SLPs do not formally diagnose executive function
disorders, they can observe behaviours such as difficulty sustaining attention, rapid shifts
between ideas, limited awareness of communication breakdowns and challenges organising
multi-clause discourse. These behaviours provide essential contextual information when
forming a differential diagnosis and determining whether cluttering emerges primarily
from motor, cognitive-linguistic or combined vulnerabilities.

Cluttering often co-occurs with other communication or developmental conditions,
including stuttering, ADHD and, in some cases, broader neurodevelopmental differ-
ences [10,11]. Assessment procedures should therefore incorporate differential diagnosis
protocols that consider shared symptoms (such as rapid rate or disfluencies) while dis-
tinguishing cluttering from related disorders based on timing instability, coarticulatory
excess, monitoring behaviours and task-dependent variability. Interviews with families
and teachers can provide insights into when cluttering behaviours are most noticeable and
how they affect functional communication in school and social settings.

The findings also share implications for intervention. Current evidence shows that
because rate instability is a core feature of childhood cluttering, rate control remains a
central therapeutic focus. However, the evidence also suggests that therapy should not
aim merely to “slow speech,” but rather to support children in developing regulation of
rate across tasks and contexts. For example, research notes that children often accelerate
unintentionally even when aware of the need to slow down, which indicates limited self-
regulation rather than a preference for fast speech [12]. Intervention should therefore
integrate strategies such as pausing cues, pacing boards, rhythmic supports, metronomic
guidance and visual counters, used flexibly to promote internalised tempo regulation.

Excessive coarticulation and imprecise articulation contribute significantly to reduced
intelligibility in cluttering. Motor-based strategies such as over-articulation practice, sylla-
ble stretching, targeted contrast drills and explicit focus on articulatory gestures may help
strengthen clarity. For example, research highlights the value of combining rate control
with articulatory cueing, which allows children to allocate sufficient time for complete
gestural execution [24,25].

Many children who clutter have reduced awareness of breakdowns. Intervention
should include activities that enhance the child’s ability to monitor their speech in real time,
evaluate intelligibility and adjust output. Approaches may involve video or audio playback,
supported self-rating scales, and guided reflection activities. The ultimate importance is
to help children recognise when their speech accelerates or becomes disorganised and
develop strategies for re-establishing control [11].

Given the evidence linking cluttering to working memory and executive function chal-
lenges [7], therapy may be strengthened by incorporating supports that reduce cognitive
load or increase predictability. These may include organising frameworks for narrative
tasks, visual planning for longer utterances, chunking strategies and scaffolds that promote
sustained attention. While not executive-function training per se, these supports may
improve fluency by aligning linguistic planning with motor execution.

The clinical implications outlined here are grounded primarily in converging be-
havioural evidence and established developmental principles, rather than in direct experi-
mental manipulation of underlying mechanisms, and should be interpreted accordingly.
Furthermore, because cluttering behaviours shift across tasks, intervention should be de-
livered across a variety of communicative contexts. Structured tasks may help children
develop foundational skills, but therapy must eventually extend into spontaneous dis-
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course, functional classroom activities and real-life conversational contexts. This approach
helps ensure that improvements generalise to settings where cluttering is most pronounced.

When cluttering co-occurs with other communication or developmental conditions,
intervention may require adaptation. For example, when ADHD is present, therapy
may integrate brief, highly engaging activities, predictable routines and external cues
to support sustained attention. For young people with broader neurodevelopmental
differences, intervention may need to address sensory, attentional or pragmatic challenges
that influence speech motor stability. Cross-disciplinary research (e.g., [10]), suggests that
cluttering-like behaviours in some populations may reflect underlying neurobiological
timing vulnerabilities, underscoring the importance of interdisciplinary collaboration.

Finally, viewing cluttering through a developmental lens highlights the importance of
synchronising assessment and intervention with a child’s evolving motor, cognitive and
linguistic capacities. The combined evidence suggests that cluttering is best supported
through approaches that capture variability across contexts, focus on rate regulation and
articulatory stability, build self-monitoring, scaffold executive functioning demands, and
accommodate co-occurring conditions when present.

7. General Discussion

This review set out to examine cluttering in children and adolescents from four inter-
related angles: speech motor development (RQ1), neurocognitive and neurodevelopmental
mechanisms (RQ2), task and contextual influences (RQ3), and implications for allied-health
assessment and intervention (RQ4). Across the twelve included studies, a coherent picture
emerges. Cluttering in childhood and adolescence is best understood as a developmen-
tal disorder of motor-cognitive integration, in which speech motor systems, executive
processes and linguistic planning fail to synchronise efficiently under real-world commu-
nicative demands. Importantly, the synthesis presented here distinguishes between types
of evidence and their respective contributions, integrating empirical paediatric findings
with developmentally informative mechanistic and clinical literature to build a coherent
account of cluttering without conflating distinct levels of analysis. In what follows, we
integrate findings across Sections 3-6 to articulate this developmental account, highlight
the central role of task demands, and consider implications for theory, classification and
practice. Where explanatory mechanisms are discussed, these are framed as integrative,
developmentally informed interpretations that organise existing evidence and generate
testable hypotheses, rather than as definitive accounts of causality.

Rather than treating heterogeneity as noise, therefore, we operationalised variability
in cluttering along analytically relevant dimensions that are consistently implicated across
studies: developmental stage, diagnostic practice, task demands (structured speech vs.
spontaneous discourse), and cognitive-linguistic load. This typology supports the interpre-
tation of why cluttering features vary across contexts and explains why connected speech
tasks are most informative for identifying timing instability, coarticulatory blurring, and
reduced self-monitoring. Importantly, this framework does not assume discrete subtypes
on current evidence; instead, it provides a structured way to interpret variation while
highlighting priorities for future mechanistic and longitudinal research.

7.1. Cluttering as a Developmental Motor—Cognitive Disorder

The evidence reviewed across Sections 3-5 indicates that cluttering cannot be reduced
to a single domain of impairment. Rather than a purely motor speech disorder or a purely
cognitive-linguistic difficulty, cluttering in childhood appears where developing systems
for motor timing, linguistic formulation, and executive regulation intersect and occasionally
misalign. Children who clutter are navigating the same maturational processes as their
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peers: refinement of speech motor patterns, growth in linguistic complexity and increasing
demands on planning and self-regulation. What distinguishes them is the fragility of the
coordination among these systems when communicative demands are high.

From a developmental perspective, this coordination problem is unsurprising. Speech
requires fine-grained temporal control while simultaneously accommodating lexical re-
trieval, syntactic assembly, discourse organisation and monitoring of listener needs. The
studies reviewed suggest that in children who clutter, temporal and articulatory systems
are more vulnerable to disruption when executive resources are stretched, working memory
is taxed or linguistic formulation becomes rapid and dense. The characteristic “blurring”
of segments, irregular bursts of speech and fluctuating intelligibility are thus not isolated
symptoms but the surface expression of a deeper integration difficulty.

This account also helps clarify how cluttering is similar to, and distinct from, other
fluency and motor speech disorders. Like stuttering, cluttering appears to involve vulnera-
bilities in timing and sequencing [2]; like some dysarthrias or developmental coordination
disorders, it reflects challenges in achieving stable motor patterns [29]. Unlike these condi-
tions, however, cluttering is defined by its close coupling to discourse-level formulation
and monitoring. The speech motor system does not fail in isolation; rather, it fails when
asked to keep pace with the child’s linguistic and cognitive tempo. This motor—cognitive
integration view, therefore, offers a unifying framework that honours the multidimensional
descriptions of cluttering without fragmenting it into unrelated symptom clusters.

Importantly, conceptualising cluttering as a developmental integration disorder also
aligns with work in motor development [40], which emphasises that complex motor
behaviours emerge from the interaction of multiple subsystems rather than from a single
locus of control. In this sense, cluttering offers a valuable case study for motor development
research as it shows how high-level cognitive and linguistic processes can destabilise a
maturing motor system, and how motor constraints can, in turn, shape the expression of
language and discourse.

7.2. The Central Role of Task Demands and Environmental Load

A second major insight from this review is the centrality of task demands and en-
vironmental load in shaping how cluttering is expressed. Section 4 documented that
cluttering behaviours are most evident during spontaneous, extended and linguistically
rich speech, and attenuated in highly structured or constrained tasks. Section 5 linked this
task sensitivity to the limited capacity of developing executive systems to manage planning,
sequencing and monitoring under pressure. Taken together, these findings suggest that
cluttering is not simply a property of the individual. It is rather equally a property of
the interaction between the child and the communicative environment. The implications
outlined below are therefore presented as practice-relevant inferences grounded in con-
verging behavioural evidence and developmental theory, while acknowledging that direct
mechanistic validation in paediatric samples remains a priority for future research.

This interactional view has important conceptual implications. If cluttering emerges
most reliably when children must generate ideas, structure discourse, monitor their listener
and regulate their rate simultaneously, then variability across tasks is not a nuisance
variable but a defining feature of the condition. It follows that “inconsistency” in cluttering
across contexts should not be interpreted as diagnostic unreliability, but as evidence that the
underlying vulnerability is highly sensitive to load. This perspective reframes longstanding
clinical frustrations, such as children who “do not clutter” during a short structured
assessment but clutter extensively in the classroom, as predictable outcomes of the capacity-
demand balance.
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The role of environmental load extends beyond task structure. Classroom expectations,
assessment practices and interactional norms can either mask or reveal cluttering. For
example, tightly scaffolded question-answer formats may fail to elicit cluttering behaviours,
whereas open-ended show-and-tell, oral presentations and narrative tasks are much more
likely to expose the limits of motor—cognitive coordination. Similarly, noisy environments,
rapid turn-taking, or time pressure may all increase the risk of cluttering behaviours in
children whose systems are already working near capacity.

Recognising this dependence on task and context has methodological implications
for research as well. Studies relying solely on reading tasks or brief picture descriptions
will underestimate the presence and severity of cluttering, especially in younger speakers.
Research designs that incorporate ecologically valid tasks, such as curriculum-based oral
activities or semi-structured peer interactions, are more likely to capture the phenomena
that concern children, families and teachers. In this way, the cluttering literature highlights
a broader lesson for motor development research, i.e., understanding a developing system
requires studying it under the kinds of loads it routinely experiences, not just under
idealised clinical conditions.

7.3. Implications for Theory, Classification and Clinical Practice

A third contribution of this review lies in its implications for how cluttering is concep-
tualised and classified, and how these conceptual choices shape clinical practice. Traditional
definitions anchored in rapid or irregular rates are increasingly at odds with the multi-
component picture emerging from empirical and clinical work. Rate instability remains
central, but on its own it is insufficient to differentiate cluttering from other fluency distur-
bances or from typical developmental variability in fast-talking children.

The integrated account developed here suggests that cluttering is better characterised
by a constellation of features, including vulnerability in temporal regulation of speech, a
tendency for linguistic formulation to outpace stable motor execution, reduced effectiveness
of monitoring under high load and marked contextual variability, etc. Such a profile does
not map neatly onto existing diagnostic categories, which often separate “motor” and
“language” disorders as if they were independent. A developmental motor—cognitive
integration framework provides a more accurate description and encourages classification
systems to recognise cluttering as a disorder that sits at the interface of motor speech and
developmental neurocognition.

Clinically, this shift has several consequences. For assessment, it supports the use
of multi-context, discourse-level tasks, explicit attention to timing and coarticulation and
targeted observation of monitoring and executive behaviours. It also justifies integrating
information from teachers and families, who observe the child in precisely the high-load
settings where cluttering is most evident. For intervention, it encourages programmes
that go beyond rate control drills to encompass self-monitoring, discourse planning and
management of cognitive load.

There are also implications for team-based practice. Because cluttering often co-
occurs with broader developmental differences, such as ADHD or neurogenetic conditions,
SLPs may need to work closely with psychologists, paediatricians, educators and, where
appropriate, neurologists. A shared understanding of cluttering as a motor—cognitive
integration difficulty allows these professionals to situate cluttering within the child’s
overall developmental profile rather than treating it as a discrete symptom to be “fixed” in
isolation. This, in turn, supports more coherent planning of supports across home, school
and clinic.

Finally, this integrated perspective has consequences for how cluttering is communi-
cated to children and families. Framing cluttering as a difficulty in coordinating fast-moving
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systems, rather than as a flaw in character or effort, can reduce stigma and support more
collaborative goal-setting. It also provides a rationale for why certain situations feel partic-
ularly challenging and why therapy may focus on building skills for managing complex
communicative demands rather than simply “slowing down.”. It should also be pointed
out that the integrative account advanced in this review does not assume direct causal
relationships between linguistic, cognitive, attentional, and neurodevelopmental dimen-
sions. Instead, cluttering is conceptualised as emerging from the dynamic interaction
of these processes during speech production, particularly under conditions of increased
communicative load. Empirical studies provide evidence for observable speech motor
instability and task sensitivity, while developmental and neurocognitive accounts offer
plausible explanatory frameworks for these patterns. Explicitly distinguishing observed
phenomena from proposed mechanisms allows a coherent synthesis without overstating
the strength of causal inference.

7.4. Gaps and Future Directions

The integrated account presented here reveals several gaps and opportunities in the
current evidence base. It was necessary for this review to exclude studies that used the
term “cluttering” without describing cluttering-consistent behaviours, which highlights a
broader issue within the literature. Inconsistent or imprecise use of terminology complicates
comparison across studies and contributes to uncertainty in prevalence estimates, assess-
ment practices, and research synthesis. This lack of terminological consistency represents an
important gap in the field and underscores the need for clearer operational definitions and
reporting standards in future research on cluttering, particularly in paediatric populations.

Another striking limitation is the scarcity of longitudinal work. Most studies offer
snapshots of cluttering at a single point in time, leaving open questions about how motor—
cognitive integration evolves across development, why some children appear to “grow out
of” cluttering and how intervention influences trajectories. Longitudinal studies following
children from early school years into adolescence would allow researchers to examine
whether cluttering reflects a transient delay in integration, a persistent vulnerability or
multiple developmental pathways. Nevertheless, it is worth pointing out that the small
number of empirical paediatric studies underscores the limited state of mechanistic research
on cluttering in childhood, rather than a weakness of the present review. Accordingly, this
synthesis integrates empirical findings with developmentally informative theoretical and
clinical literature to construct a coherent account of cluttering as a motor—cognitive integra-
tion difficulty. Empirical evidence anchors the description of observable phenomena, while
non-empirical sources contribute to theory-building and clinical interpretation, allowing
conclusions to be calibrated to the available evidence.

Methodologically, there is a need for studies that combine detailed behavioural ob-
servations with more fine-grained measures of timing, sequencing and neural function.
Acoustic and kinematic techniques could elucidate how temporal patterns in cluttering
differ from those in other speech motor disorders. Neuroimaging or electrophysiolog-
ical methods, used judiciously, therefore, could begin to map the neural correlates of
motor—cognitive coordination difficulties. At present, mechanistic accounts remain largely
inferential; more direct evidence would allow the field to refine or revise current models.

There is also a notable gap in cross-linguistic and multilingual research. Given that
cluttering involves interactions between motor control and linguistic structure, languages
with different phonological, prosodic or morphosyntactic profiles may shape its expression
in distinct ways [41]. Studies in non-English languages, particularly those that are typologi-
cally different from English [42], and in children acquiring more than one language [43],
would not only broaden the empirical base but also test the generalisability of the motor—
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cognitive integration model proposed here. Such work would be particularly valuable in
contexts where multilingualism is the norm and where cluttering may be under-recognised
or misattributed to second-language learning difficulties.

Variability in diagnostic practices, sample sizes, and task paradigms across studies,
therefore, necessarily constrains the generalisability of individual findings, which under-
scores the importance of interpreting convergence across domains rather than relying on
any single study or methodological approach.

A further underdeveloped area concerns real-world participation and quality of life.
For example, there is limited research on how cluttering affects children’s academic engage-
ment, peer relationships and self-concept, or how these outcomes change with intervention.
Integrating participation-level outcomes into research designs would align cluttering re-
search more closely with contemporary frameworks in speech-language pathology and
with the priorities of the clients, their families and care teams [44], as well as the integration
of modern technologies [45].

Finally, future work would benefit from closer integration with the broader motor
development literature. The challenges of coordinating speech under high cognitive load
are mirrored in other motor domains, such as complex limb movements [46] or bimanual
tasks [47]. Collaborative research across speech science, motor control and developmental
psychology could yield richer models of how motor—cognitive integration develops and
why it sometimes falters. Future reviews may also build on this work by examining the
historical evolution of cluttering concepts in earlier literature, particularly to trace how
definitional and diagnostic shifts have shaped contemporary research and practice. In this
way, cluttering research can both draw from and contribute to a wider understanding of
children’s motor development.

8. Conclusions

In this review, we synthesised developmental, motor, cognitive, and clinical evidence
to examine cluttering in children and adolescents. Across the twelve included studies, a
consistent picture emerged, i.e., cluttering reflects a developmental vulnerability in the
coordination of speech motor timing, linguistic formulation, and executive control. These
findings address all four research questions by clarifying the speech motor characteristics
of cluttering (RQ1), identifying the developmental and neurocognitive mechanisms that
underpin them (RQ2), demonstrating the central role of task and contextual demands in
symptom expression (RQ3), and outlining the implications for allied-health assessment
and intervention (RQ4).

By framing cluttering as a motor—cognitive integration disorder, we strengthened its
alignment with contemporary theories of children’s motor development. Cluttering arises
most clearly when linguistic, cognitive, and motor systems must operate simultaneously
under load, revealing the limits of an integration process that is still maturing. This
perspective challenges rate-based definitions and supports a more coherent model in which
temporal instability, articulatory blurring, reduced monitoring, and contextual variability
are understood as interdependent manifestations of a single developmental mechanism.

While the available empirical literature remains limited, the synthesis presented here
integrates behavioural findings with developmentally informative theoretical and clinical
work to advance a coherent framework for understanding cluttering in childhood and
adolescence. In the meantime, the evidence base remains limited, particularly in rela-
tion to paediatric samples, longitudinal trajectories, mechanistic studies, and multilingual
contexts. Addressing these gaps will be essential for refining theoretical models, inform-
ing classification systems, and improving clinical practice. Even with these constraints,
the developmental motor—cognitive account advanced here provides a foundation for
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future research and a clearer rationale for assessment and intervention in both clinical and
educational settings.

Cluttering is often under-recognised, misunderstood, or misclassified. By articulating
cluttering as a developmental motor-cognitive integration difficulty, this review advances
conceptual clarity in the field and provides a foundation for more precise assessment,
intervention, and future research in children’s motor development.
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Abstract: Background/Objectives: Agility and reaction speed are critical components
of sports performance and are influenced by both physical conditioning and psycholog-
ical state. Interventions such as SmartACT, which integrate mindfulness, acceptance,
and commitment, guided imagery and hypnosis techniques are still underexplored in
high-performance sport, despite their potential to affect both psychological and mo-
tor dimensions. Methods: This 7-week controlled trial investigated the effectiveness
of SmartACT in reducing psychological and somatic symptoms and enhancing motor
performance in adolescent athletes. A total of 193 athletes aged 15-18 years were as-
signed to three groups: SmartACT (n = 69), MAC (Mindfulness—Acceptance-Commitment,
the standardized Gardner & Moore protocol; n = 65), and a control group (n = 59).
Agility was measured using the T-Drill Agility Test with Microgate electronic timing,
and reaction speed was assessed using BlazePod devices. Psychological and somatic
symptoms were evaluated using the Depression, Anxiety, and Stress Scale (DASS-21)
and the Ghent Multidimensional Somatic Complaints Scale (GMSCS). Results: The
SmartACT group showed significantly improved agility (MD = —1.07 s, p < 0.001,
d = 2.50, 95% CI [1.79, 3.35]), faster reaction times (MD = —643.75 ms, p < 0.001,
d = 0.85, 95% CI [0.35, 1.41]), and a higher number of BlazePod touches (MD = +2.53,
p <0.001, d = 1.43, 95% CI [0.87, 2.07]). Psychological symptoms (DASS-21) and somatic
complaints (GMSCS) decreased significantly more than in the MAC and control groups.
Conclusions: SmartACT appears to be an effective hybrid psychological intervention to si-
multaneously improve physical performance and reduce psychological and psychosomatic
distress in adolescent athletes.
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1. Introduction

Early participation in organized sport contributes to psychophysical development and
long-term well-being in youth [1,2]. Agility is a complex skill that integrates coordination,
speed, and rapid decision-making with perceptual-cognitive processes such as visual
scanning and anticipation; it is a key determinant of performance in open-skill team sports
where athletes must respond to unpredictable stimuli [3-13]. Contemporary accounts
emphasize reactive agility—changes in direction in response to sport-specific cues—because
it better captures real game demands and predicts talent more accurately than pre-planned
agility [5,7,14], with implications for identification and development pathways [4,6,7,15].

Across ball and racket sports, rapid reactions and efficient visual processing underpin
success under tactical pressure [4,15-17]. Accordingly, reaction time (RT) is not only a
marker of performance potential but is tightly coupled with reactive-agility outcomes and
decision speed in ecologically valid tasks [4-7,15]. Considering this linkage, the present
study treats RT as a core motor outcome alongside agility, as both reflect the integration of
perceptual, cognitive, and motor processes that our intervention seeks to influence.

Beyond motor performance, adolescent sport participation is associated with psycho-
logical benefits—including improved self-esteem and lower symptoms of depression and
anxiety—whereas stress and anxiety can contribute to somatic complaints (e.g., fatigue,
pain, gastrointestinal discomfort) that interfere with training and competition [18-39]. In
applied settings where maximal testing is not always feasible, combining quick motor tests
with validated questionnaires such as the Ghent Multidimensional Somatic Complaints
Scale (GMSCS) provides a practical screen for psychophysiological imbalance [40,41].

Interest in psychological methods that target attention, emotion regulation, and
imagery has grown in performance sport. Mindfulness- and acceptance-based ap-
proaches, guided imagery, and hypnosis have been linked to reduced psychosomatic
symptoms and improved execution under pressure [42-62]. However, the Smar-
tACT protocol—integrating mindfulness, acceptance, commitment, guided imagery, and
hypnosis—has not been systematically tested in adolescent athletes on both motor and
psychological outcomes simultaneously, leaving a relevant gap in the literature.

Aims and Hypotheses

This study aims to evaluate the effects of a 7-week SmartACT intervention on both
motor performance (agility, reaction time) and psychological well-being (anxiety, depres-
sion, somatic symptoms) in adolescent athletes. Based on prior literature, we hypothesize
that SmartACT will produce greater improvements than the MAC and control conditions
across all measured outcomes.

2. Materials and Methods

This study followed a quasi-experimental, controlled, repeated-measures design with
pretest and posttest assessments over seven weeks. A total of 193 student athletes (age
15-18 years, M = 16.34; SD = 0.64) were recruited from sports-focused high schools in
Transylvania (Romania) and educational centers in Hungary (Table 1). Participants were
assigned to the three groups (SmartACT, MAC, Control) using cluster allocation at the
school or training-group level, rather than individual randomization, which justifies the
quasi-experimental design. Inclusion criteria were: (i) age between 15 and 18 years, (ii) par-
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ticipation in structured sports training at least twice per week, and (iii) informed consent
from both athletes and their guardians. Exclusion criteria included: (i) current muscu-
loskeletal or neurological injuries, (ii) ongoing psychological treatment, or (iii) incomplete
participation in pre- or post-assessments.

Table 1. Participant characteristics at baseline (N = 193).

Characteristic Category n (%)
Age (years), mean £ SD — 16.34 £ 0.64

Volleyball 46 (23.9%); Basketball 45
(23.4%); Football 42 (21.8%); Handball
20 (10.2%); Athletics 13 (6.6%);
Wrestling 12 (6.1%); Others < 2% each

>4 years 107 (55.3%); 3—4 years 26

Primary sport

Sports experience (13.7%); 1-2 years 44 (22.8%); 1st year
16 (8.1%)
>5x /week 105 (54.3%); 4 x /week 43
Training frequency (22.3%); 2-3x /week 43 (22.3%);
1x/week 2 (1.0%)
Additional sports Yes 66 (34.0%); No 127 (66.0%)

Balanced 89 (46.0%); High-protein 58
(29.9%); Carbohydrate-dominant 28
(14.7%); Sugar-rich 6 (3.3%); Not
reported 12 (6.2%)

Note. n = number of participants; % = percentage; SD = standard deviation.

Diet pattern

Participants completed an assessment that addressed both motor and psychologi-
cal components. From a motor perspective, agility was tested using the T-Drill agility
task using the Microgate electronic timing system, and reaction speed was assessed us-
ing BlazePod devices, which involve rapid responses to visual stimuli. Psychologically,
participants completed two validated instruments: the Depression, Anxiety, and Stress
Scale (DASS-21) [63], which measures depression, anxiety, and distress, and the Ghent
Multidimensional Somatic Complaints Scale (GMSCS) [64], which assesses the presence
and intensity of psychosomatic symptoms.

2.1. Motor Assessment: Agility and Reaction Speed

Before testing, all participants completed a 10 min standardized warm-up under
supervision, including dynamic stretches, joint rotations, and functional drills designed
to activate major muscle groups [65]. The T-Drill agility protocol was demonstrated and
explained to ensure consistent execution.

A total of 168 participants performed the T-Drill Agility Test (Figure 1), applied both in
the pre-test and post-test stages. This test assesses movement speed, the ability to quickly
change direction and motor coordination, in conditions that require quick reactions and
precision. The T-Drill agility has been shown to have high test-retest reliability and validity
in athletic populations [66]. The execution time was recorded using a Microgate Racetime
Light Radio electronic timing system (Microgate, Bolzano, Italy; Figure 2), installed at the
start—finish line to ensure the objectivity of the measurements. The route was visually
delimited by colored cones, which indicated the directions of movement and the mandatory
touch points, according to the sequence provided by the standard T-Drill agility protocol.
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Figure 1. T-Drill Agility Test.

Figure 2. Microgate equipment kit Racetime Light Radio.

A total of 185 participants were assessed in terms of reaction speed and total number
of touches using the BlazePod training and testing system (BlazePod Ltd., Tel Aviv, Israel;
Figure 3), both in the pretest and posttest stages. BlazePod is a modern motor assessment
and training system (BlazePod Ltd., Tel Aviv, Israel), designed to develop and measure
psychomotor functions through visual light stimuli, emitted by portable LED modules. In
this study, a set of 12 modules was used, controlled via the BlazePod mobile application
(www.blazepod.eu, accessed on 5 April 2025), installed on a phone compatible with the iOS
operating system. The reliability and validity of this system in assessing reactive agility
have already been confirmed in the specialized literature, being frequently used in sports
testing contexts [67,68]. The devices were configured to allow simultaneous testing of
six participants. Each athlete was assigned a personal code entered in the application,
allowing individual monitoring of performance. The motor exercise used, called “Color
Catch”, involved the rapid reaction of the participants by touching visually activated color
modules. The 12 pods were placed on adjustable tripods at a height of 90-120 cm, arranged
in a semicircle of ~3 m in front of the participant to allow multidirectional reaching. Pods
were spaced 50-70 cm apart to require lateral and forward movements. The testing was
carried out in two consecutive rounds of 60 s each, separated by a 30 s break. Instructions
were clearly communicated before the start of the test, and the activity was standardized.
Performance was monitored in real time by the application, which automatically recorded
parameters such as the total number of touches and the average reaction speed.
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Figure 3. BlazePod Ltd. (www.blazepod.eu).

2.2. Psychological and Psychosomatic Assessment

A total of 193 participants completed the Depression, Anxiety, and Stress Scales (DASS-
21) [63] and the Ghent Multidimensional Somatic Complaints Scale (GMSCS) [64] at both
pre- and post-test assessments. The Depression, Anxiety and Stress Scale (DASS-21) is
a quantitative instrument used to assess depression, anxiety and stress. Based on the
scores obtained, individuals can be classified into five severity categories for each subscale:
normal, mild, moderate, severe and extremely severe.

The questionnaire consists of 21 items, and respondents rate the frequency with which
they have experienced certain states in the past week, using a scale from 0 (“not at all”) to 3
(“very much or most of the time”) [63].

The Ghent Multidimensional Somatic Complaints Scale (GMSCS) was used to assess
symptoms in experimental subjects. They rated 18 somatic symptoms that had occurred in
the past four weeks, in terms of frequency and intensity, using a scale from 0 to 7. Frequency
was rated as follows: 0 = never, 7 = constantly; and intensity: 0 = not at all, 7 = unbearable.

The scale includes five subscales: pain localized to the head, shoulders and stomach,
sensations of cold or heat, cardiac manifestations and fatigue [64]. Both scales were
linguistically adapted in Romanian [69-71] and Hungarian [69-71] languages.

2.3. Participant Flow and Outcome Completion

Of the 193 athletes initially enrolled, completion rates differed across outcome mea-
sures due to occasional absences or missing data. A total of 168 completed the T-Drill
agility, 185 completed the BlazePod tests, and all 193 completed the DASS-21 and GM-
SCS questionnaires (Table 2). No adverse events or intervention-related withdrawals
were reported.

Table 2. Participant flow by outcome (pre-post analyzed).

Baseline Enrolled Completed . -
Outcome (N) Pre—Post (1) Missing (n) Reason for Missing
T-Drill agility 193 168 25 Absence or incomplete timing data
BlazePod tests 193 185 8 Device availability /missed session
DASS-21 193 193 0 —
GMSCS 193 193 0 —

Note. Reasons for non-completion were administrative or logistical (e.g., absence, missing data, device unavail-
ability). No adverse events or intervention-related withdrawals were reported. N = total number of participants
enrolled at baseline; 7 = number of participants; — = not applicable.
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2.4. Blinding

Outcome assessors were not blinded to group assignment. However, motor outcomes
were recorded using automated and objective systems (Microgate electronic timing, Blaze-
Pod application), and standardized procedures were applied across groups to minimize
detection bias.

The study was built on a repeated measures design, including an initial assessment
(pretest) and a subsequent assessment (posttest), conducted at an interval of seven weeks.
Participants were divided into three experimental groups. The first group, SmartACT
(n =69, 35.8%), benefited from a structured psychological program, carried out over seven
weeks, which integrated principles of acceptance and commitment therapy (ACT) with
hypnosis and guided imagery techniques, adapted to the specifics of sports activity. The
second group, MAC (Mindfulness—Acceptance-Commitment), consisting of 65 participants
(33.7%), followed the standardized protocol proposed by Gardner and Moore (2007) [72],
focused on developing full awareness of internal experiences, their acceptance and orienta-
tion towards action in accordance with one’s own values. The control group (1 = 59, 30.6%)
continued their usual sports and educational activity, without participating in any specific
psychological intervention during the study.

It is assumed that there are significant relationships between motor performance and
psychological indicators, such that a more balanced level of emotional state and a more
functional body perception correlate with superior motor efficiency. In this context, it
is considered that the general psychological state and somatic perceptions of adolescent
athletes significantly influence motor performance and psychomotor reactivity. It is also
anticipated that the SmartACT psychological intervention, which combines mindfulness,
acceptance and commitment techniques, guided imagery and hypnotherapy, will lead
to significant improvements in both physical (agility, reaction speed) and psychological
aspects, by reducing symptoms of depression, anxiety, stress and psychosomatic symptoms.
The SmartACT group is expected to obtain significantly higher scores in the posttest stage,
compared to the MAC group and the control group, which would support the effectiveness
of a hybrid intervention in simultaneously optimizing psychological functioning and motor
performance in a sports context.

2.5. Statistical Analysis

Data were analyzed using SPSS Statistics v25 (IBM, Armonk, NY, USA). Descriptive
statistics are reported as mean £ SD (with 95% confidence intervals where relevant).
Pearson’s r quantified bivariate associations. Within-group changes were tested with paired-
samples t-tests; time x group effects were examined with a mixed repeated-measures
ANOVA (within-subject factor: time [pre, post]; between-subject factor: group [SmartACT,
MAC, Control]). When appropriate, between-group pairwise comparisons at posttest used
Tukey—Kramer HSD. All tests were two-tailed with « = 0.05.

Effect sizes were calculated as Cohen’s d for t-tests and partial eta squared (n?p) for
ANOVAs, each with 95% confidence intervals. Benchmarks were: Cohen’s d small = 0.20,
medium = 0.50, large = 0.80; Pearson’s r small = 0.10, medium = 0.30, large = 0.50; nzp
small = 0.01, medium = 0.06, large = 0.14. Assumptions of normality and homogeneity of
variances were checked with Shapiro-Wilk (and Q-Q plots) and Levene’s tests; with two
time points, sphericity is not applicable. Analyses were performed per outcome using all
available paired observations (pairwise deletion).
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3. Results

3.1. Analysis of Correlations Between Motor Variables, Perception of Somatic Symptoms and
Indicators of Psychological Distress

Table 3 reports significant correlations between motor performance (T-Drill agility,
BlazePod Hits, and Reaction Time) and scores from the DASS-21 and GMSCS, which assess
psychological distress and psychosomatic symptoms.

Table 3. Correlations between motor, psychological and psychosomatic variables.

1 2 3 4 5 6 7 8 9 10 1 12
1.T-Drill agility

2.BlazePod Hits —0.400 **

3.BlazePod React. Time 0.371 ** —0.894 **

4GMSCSHead Should ~ 0214* 0075  0.112

5GMSCSHeartChest ~ 0172*  —0.049  0.140  0.670*

6.GMSCS Stom Abd 0313* 0106  0.114 0471  0.502*

7GMSCSWarmCold ~ 0223**  —0.030 0038 0500  0.531*  0.607*

8.GMSCS Fatigue 0283* 0052 0085  0.592*  0.602*  0565*  0.658"

9.GMSCS TOTAL 0295* 0074 0118  0780*  0810*  0764*  0806™  0.879*

10.DASS-21 0391%  —0.72*  0189*  0492%  0529%  0450% 0431  0.623*  0.635*

Depression

11.DASS-21 Anxiety 0307%  —0.147*  0.151*  0574%  0.674%  0452% 0568  0.650%  0726%  0715%

12.DASS-21 Stress 0368  —0.189*  0213* 0548  0549*  0444*  0519*  0.677*  0.688* 0766  0.767*
13.DASS-21 TOTAL 0386  —0.186*  0203*  0588*  0.637*  0491*  0552% 0712  0747*  0909*  0902%  0.927*

**. Correlation is significant at the 0.01 level (2-tailed); *. Correlation is significant at the 0.05 level (2-tailed).

T-Drill agility times were negatively correlated with BlazePod Hits (r = —0.400,
p < 0.01), indicating a moderate-to-strong association whereby faster agility was linked to
more effective visual-motor responses. BlazePod Hits and Reaction Time were strongly
and inversely related (r = —0.894, p < 0.01), confirming that increased reactivity corresponds
to shorter response times. T-Drill agility times were also positively associated with several
GMSCS subscales, especially fatigue (r = 0.283, p < 0.01), warm—cold sensations (r = 0.223,
p < 0.01), and abdominal symptoms (r = 0.313, p < 0.01), suggesting that slower agility
is linked to greater perceived somatic discomfort. Significant positive correlations were
further observed between DASS-21 scores and T-Drill agility times (r range = 0.307—0.391,
p < 0.01), indicating that higher emotional distress is associated with slower agility. Blaze-
Pod Hits showed weak but significant negative correlations with DASS-21 subscales (e.g.,
Depression r = —0.172, p < 0.05), suggesting that better reaction performance is associated
with lower emotional distress. Conversely, Reaction Time positively correlated with DASS-
21 Total (r = 0.203, p < 0.01) and GMSCS Total (r = 0.118, p < 0.01), indicating that slower
responses are linked to greater psychological and somatic symptoms.

3.2. Analysis of Pretest—Posttest Differences in the Smart ACT Group for Motor Variables (T-Drill
Agility, BlazePod Hits and Reaction Time)

Paired-sample t-tests were used to assess within-group changes in agility (T-Drill
agility), BlazePod Hits, and Reaction Time for the SmartACT group. Results are presented
in Table 4 and demonstrate significant pre—post improvements across all motor outcomes.

e  T-Drill agility improved significantly from pretest (M = 11.80 s) to posttest (M = 10.78 s),
MD = —1.07 s, t(68) = 10.29, p < 0.001, with a large effect size (d = 2.50, 95% CI
[1.79-3.35]).

e  BlazePod Hits increased from 16.34 to 19.01, MD = +2.53, t(68) = —5.90, p < 0.001, also
with a large effect size (d = 1.43, 95% CI [0.87-2.07]).

e  BlazePod Reaction Time decreased from 3770.84 ms to 3108.10 ms, MD = —643.75 ms,
t(68) = 3.52, p < 0.001, with a large effect size (d = 0.85, 95% CI [0.35-1.41]).

These results confirm that SmartACT produced strong and practically meaningful
improvements in both agility and visual-motor reactivity.
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Table 4. Significant pretest—posttest differences in the SmartACT group for the analyzed motor

variables (T-Drill agility, BlazePod Hits, BlazePod Reaction Time).

Variable Time M MD T () p C"hencs’ﬂd [95%
. - Pretest 11.80
T-Drill agility (s) Posttest 10.78 —-1.07 10.29 (68)  <0.001 2.50[1.79, 3.35]
. Pretest 16.34
BlazePod Hits Posttest 19.01 +2.53 —5.90 (68) <0.001 1.43 [0.87, 2.07]
. . Pretest 3770.84
BlazePod Reaction Time (ms) Posttest 3108.10 —643.75 3.52(68) <0.001 0.85[0.35, 1.41]

Note. MD = mean difference; t = t statistic; p = probability value; d = Cohen’s d; CI = confidence interval.

3.2.1. Motor Agility—T-Drill

T-Drill agility times in the SmartACT group improved significantly from pretest
(M =11.80s) to posttest (M = 10.78 s), with a mean difference of —1.07 s, t(68) = 10.29,
p < 0.001. This change corresponds to a large effect size (d = 2.50, 95% CI [1.79-3.35]),
confirming the strong impact of the intervention on agility. The MAC and Control groups
showed minimal or no change.

3.2.2. Visual Response—BlazePod Hits

BlazePod Hits increased significantly in the SmartACT group from 16.34 to 19.01
(MD = +2.53, t(68) = —5.90, p < 0.001). This improvement reflects a large effect size (d = 1.43,
95% CI [0.87-2.07]), indicating substantial gains in visual reactivity. No comparable im-
provements were observed in the MAC or Control groups.

3.2.3. Reaction Time—BlazePod Reaction Time (RT)

Reaction Time significantly decreased in the SmartACT group from 3770.84 ms to
3108.10 ms (MD = —643.75 ms, t(68) = 3.52, p < 0.001). This corresponds to a large effect
size (d = 0.85, 95% CI [0.35-1.41]), demonstrating faster psychomotor responses following
the intervention. No meaningful changes occurred in the MAC or Control groups.

3.3. Repeated Measures ANOVA: Pretest—Posttest Evolution in the Three Groups for Motor
Variables and Psychological Indicators

To further investigate the differential effects of the interventions, repeated-measures
ANOVAs were conducted for each outcome, followed by Tukey’s post hoc tests where
appropriate. The results are presented below for motor variables (T-Drill agility, BlazePod
Hits, Reaction Time) and psychological indicators (DASS-21, GMSCS).

3.3.1. Group Comparison Regarding T-Drill Agility Test

A repeated-measures ANOVA was conducted on T-Drill agility scores (1 = 168) to
assess changes in agility across time and between groups, followed by Tukey’s post hoc
comparisons. Results showed a significant main effect of time, F(1,165) = 13.14, p < 0.001,
and a significant time X group interaction, F(2,165) = 20.29, p < 0.001, indicating that
agility improvements varied across groups. Tukey’s post hoc test (Table 5) revealed
that the SmartACT group outperformed both the MAC group (MD = —1.11, p < 0.001,
n%p = 0.19, 95% CI [0.09-0.29]) and the Control group (MD = —1.07, p < 0.001, n?p = 0.18,95%
CI[0.08-0.28]). No significant difference emerged between MAC and Control (MD = 0.04,
p =0.987,n%p = 0.00).
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Table 5. Results of the Tukey post hoc test for comparing T-Drill Agility scores (sec) between groups.

Compare Groups MD SE p n%p (95% CI)
SmartACT vs. MAC —-1.11 0.226 0.000 0.19 [0.09-0.29]
SmartACT vs. Control —1.07 0.232 0.000 0.18 [0.08-0.28]
MAC vs. Control 0.04 0.246 0.987 0.00 [0.00-0.04]

Note. MD = mean difference; SE = standard error; p = probability value; n’p = partial eta squared; CI =
confidence interval.

The graphical representation of the execution times in the T-Drill Agility Test for the
three groups, at the pre- and post-test assessments, is illustrated in Figure 4.
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Figure 4. Mean T-Drill agility execution time (seconds) at pretest and posttest across the three
groups (SmartACT, MAC, Control). Group 1 —SMARTACT—is marked in blue, group 2—MAC—is
represented in green, and group 3—control—is indicated in yellow.

3.3.2. Group Comparison Regarding DASS-21 Total

DASS-21 and GMSCS data were collected from all 193 participants at both pretest and
posttest time points. Tukey’s post hoc analysis (Table 6) showed that posttest DASS-21
scores were significantly lower in the SmartACT group compared to both the MAC group
(MD = —6.43,p =0.002, nzp =0.11, 95% CI [0.03-0.21]) and the Control group (MD = —4.87,
p = 0.029, n%p = 0.07, 95% CI [0.01-0.16]). No significant difference was observed between
the MAC and Control groups (p = 0.697, 1?p = 0.01).

Table 6. Results of the Tukey post hoc test for comparing DASS-21 Total between groups.

Compare Groups MD SE p n?p (95% CI)
SmartACT vs. MAC —6.43 1.844 0.002 0.11 [0.03-0.21]
SmartACT vs. Control —4.87 1.891 0.029 0.07 [0.01-0.16]
MAC vs. Control 1.56 1.918 0.697 0.01 [0.00-0.06]
Note. MD = mean difference; SE = standard error; p = probability value; n?p = partial eta squared; CI = confidence

interval.

These differences confirm that the intervention applied to the SmartACT group had
a superior impact compared to the other groups regarding the Depression, Anxiety and
Stress Scale (DASS-21), as illustrated in Figure 5. The magnitude of these differences was
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moderate-to-large (n?p = 0.07—0.11), indicating not only statistical significance but also
practical relevance.
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Figure 5. Mean DASS-21 Total scores at pretest and posttest across groups. A larger reduction is
evident in the SmartACT group.

3.3.3. Group Comparison Regarding GMSCS Total

Somatic symptoms (GMSCS Total) decreased significantly in the SmartACT group
(from 38.91 to 30.54), with smaller reductions in the MAC group (49.69 to 45.00) and
negligible changes in the Control group (42.85 to 40.98). The Tukey post hoc test (Table 7)
revealed significant differences between groups. Specifically, SmartACT showed greater
efficacy than MAC (MD = —12.62, p < 0.001, nzp = 0.15, 95% CI [0.07-0.25]) in reducing
somatic symptoms. The difference between SmartACT and Control was also significant
(MD = —7.19, p = 0.050, n%p = 0.08, 95% CI [0.01-0.17]), suggesting a relevant benefit
compared to the absence of intervention.

Table 7. Results of the Tukey post hoc test for comparing GMSCS Total scores between groups.

Compare Groups MD SE p n%p (95% CI)
SmartACT vs. MAC —12.62 2.968 0.000 0.15[0.07-0.25]
SmartACT vs. Control —-7.19 3.045 0.050 0.08 [0.01-0.17]
MAC vs. Control 5.43 3.088 0.186 0.03 [0.00-0.09]
Note. MD = mean difference; SE = standard error; p = probability value; n?p = partial eta squared; CI = confidence

interval.

In contrast, no significant differences were identified between the MAC and Control
groups (p = 0.186, n%p = 0.03), indicating that the MAC intervention did not substantially
impact somatic symptoms in this context.

GMSCS scores decreased significantly over time, suggesting an overall improvement
in somatic symptomatology among participants. Group 1 (SmartACT) experienced signifi-
cantly fewer symptoms compared to Group 2 (MAC) and marginally fewer than Group 3
(Control), as also highlighted in Figure 6. Although the interaction between time and group
did not reach statistical significance (p = 0.080), post hoc analysis confirmed that Group
1 benefited most from the intervention, with effect sizes in the moderate-to-large range
(m?p = 0.08-0.15). This indicates that SmartACT produced not only statistically significant
but also practically relevant reductions in somatic complaints.
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Figure 6. GMSCS Total scores at pretest and posttest across groups. The SmartACT group exhibited
the greatest reduction in somatic symptoms.

3.3.4. Group Comparison Regarding GMSCS Fatigue

Fatigue scores significantly declined over time in all groups (p < 0.001), though post
hoc analysis revealed that SmartACT led to significantly greater reductions than the other
conditions. The mean difference between SmartACT and MAC was —4.88 (p < 0.001), and
between SmartACT and Control was —2.91 (p = 0.014), confirming the superior effectiveness
of SmartACT.

No significant differences were observed between MAC and Control (p = 0.143). Table 8
presents in detail the results of the Tukey post hoc test for the comparison of perceived
fatigue scores (GMSCS) between groups.

Table 8. Results of the Tukey post hoc test for comparing GMSCS fatigue scores between groups.

Compare Groups MD SE p n%p (95% CI)
SmartACT vs. MAC —4.88 .998 0.000 0.17 [0.08-0.27]
SmartACT vs. Control —-291 1.024 0.014 0.09 [0.01-0.18]
MAC vs. Control 1.97 1.038 0.143 0.04 [0.00-0.11]
Note. MD = mean difference; SE = standard error; p = probability value; nzp = partial eta squared; CI = confidence

interval.

3.3.5. Group Comparison Regarding GMSCS Stomach/Abdominal Symptoms

The Tukey post hoc test showed a significant difference between SmartACT and MAC
(MD = —1.84, p = 0.014), indicating fewer stomach/abdominal symptoms in the Smar-
tACT group. The comparison between SmartACT and Control did not reach significance
(p = 0.272), and no difference was found between MAC and Control (p = 0.449) (Table 9).

Table 9. Results of the Tukey post hoc test for comparing GMSCS Stomach/Abdominal scores
between groups.

Compare Groups MD SE p n?p (95% CI)
SmartACT vs. MAC —1.84 0.647 0.014 0.08 [0.01-0.17]
SmartACT vs. Control —1.03 0.664 0.272 0.03 [0.00-0.09]
MAC vs. Control 0.81 0.673 0.449 0.02 [0.00-0.07]
Note. MD = mean difference; SE = standard error; p = probability value; nzp = partial eta squared; CI = confidence

interval.
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3.3.6. Group Comparison Regarding GMSCS Head /Shoulder Symptoms

Tukey’s post hoc test (Table 10) showed a statistically significant difference between
SmartACT and MAC (MD = —2.36, p < 0.001, n%p = 0.13, 95% CI [0.05-0.23]), indicating that
participants in the SmartACT group reported fewer head /shoulder symptoms. Differences
between SmartACT and Control were not significant (MD = —1.02, p = 0.194, nzp =0.04),
nor were differences between MAC and Control (MD =1.34, p = 0.067, nzp =0.05). These
findings confirm that SmartACT was significantly more effective than MAC in reducing
head/shoulder pain.

Table 10. Results of the Tukey post hoc test for comparing GMSCS Head /Shoulder scores between

groups.
Compare Groups MD SE p n%p (95% CI)
SmartACT vs. MAC —2.36 0.574 0.000 0.13 [0.05-0.23]
SmartACT vs. Control —1.02 0.588 0.194 0.04 [0.00-0.11]
MAC vs. Control 1.34 0.597 0.067 0.05[0.00-0.12]
Note. MD = mean difference; SE = standard error; p = probability value; n?p = partial eta squared; CI = confidence
interval.

3.3.7. Group Comparison Regarding GMSCS Warm-Cold Symptoms

All three groups experienced decreases in scores between pretest and posttest, sug-
gesting an overall reduction in somatic Warm-Cold symptoms, although the differences
between groups were not statistically significant. The most pronounced reduction was
observed in the SmartACT group, where the score decreased from approximately 7.7 to 6.0.

This indicates a clear effect of the intervention in this group, contributing to the
reduction in perceived thermal discomfort at the body level. The MAC and Control groups
experienced smaller decreases of approximately one point.

3.3.8. Group Comparison Regarding GMSCS Heart/Chest Symptoms

Although the SmartACT group showed the greatest reductions in scores on the
Heart/Chest subscale, the differences between groups were not statistically significant.
This suggests a general tendency toward improvement across all groups, without evidence
of a specific intervention effect.

4. Discussion

The present findings indicate that psychological well-being and somatic symptomatol-
ogy are closely linked to motor performance in adolescent athletes. SmartACT produced
meaningful gains in agility and visual-motor reactivity—evidenced by shorter T-Drill
agility times and better BlazePod performance—together with larger reductions on DASS-
21 and GMSCS than both the MAC and Control conditions. This pattern suggests that an
integrated, performance-oriented psychological program can enhance athletic readiness by
acting simultaneously on attentional control, emotion regulation, and perceived somatic
discomfort. Given the magnitude of the pre-post changes observed in the SmartACT group,
these effects are likely to be practically relevant for youth athletes and their coaches. These
outcomes align with contemporary models that conceptualize agility as primarily reactive,
with changes in direction triggered by sport-specific stimuli and constrained by perceptual—-
cognitive demands [3-7,9-13,15]. Faster reaction to external cues is a hallmark of higher
competitive levels in open-skill sports, and measures that capture stimulus-response speed
are considered informative for talent identification and training monitoring [4-7,15,68].
The improvements on BlazePod indices therefore fit within this framework, adding ex-
perimental evidence that targeted psychological work can translate into better reactive
behavior on the field.
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A plausible mechanism for SmartACT’s superiority over MAC is its hybrid struc-
ture, which combines ACT processes with guided imagery and hypnosis. Prior work
shows that these techniques can strengthen attentional focus, emotion regulation, and
self-efficacy, and can facilitate access to optimal performance states such as relaxation
and flow [43-46,49-51,58-62,72]. Imagery and hypnosis have also been associated with
improvements in technical execution and competitive precision across several sports,
including cycling, shooting, golf, football, basketball, and volleyball [50,53-57,73]. In
parallel, reductions in GMSCS scores observed here are consistent with evidence that
mindfulness/ACT-based methods and imagery can attenuate psychophysiological stress
responses and improve interoceptive awareness, thereby lowering the salience of somatic
complaints [44,58-62,74,75].

By contrast, the smaller changes in the MAC group may reflect dose and age-fit issues.
Seven weeks may be insufficient for adolescents to consolidate mindfulness and acceptance
skills, which often require longer daily practice to yield robust transfer to performance
contexts [58,72]. In addition, adolescents may engage more readily with techniques that feel
directly sport-embedded (imagery, hypnosis, performance routines) than with introspective
exercises, leading to stronger motivation and adherence in SmartACT [58,60,61]. These
considerations, together with the current data, support the utility of hybrid, performance-
linked mental training for youth athletes.

4.1. Literature Context and Theoretical Framing

The present study extends literature that ties agility and reaction time to perceptual—-
cognitive factors and sport-specific stimuli [3-7,9-13,15,68] by showing that a brief, struc-
tured psychological intervention can enhance these motor outcomes alongside mental-
health indicators. It also integrates strands of evidence on ACT/mindfulness and on im-
agery/hypnosis in sport: ACT-based approaches reduce emotional symptoms and improve
regulation under stress [58-62,72], while imagery and hypnosis improve focus, confidence,
and flow, with demonstrated benefits for performance execution [49-51,53-57,73]. Taken
together, these findings align with models of cognitive-motor integration in which atten-
tional control and affective regulation act as proximal drivers of skilled action under time
pressure [44,45,75]. Within this framework, SmartACT likely operates through comple-
mentary pathways—top-down regulation (ACT), sensorimotor simulation (imagery), and
autonomic/attentional tuning (hypnosis)—to yield concurrent gains in motor efficiency
and reductions in psychosomatic distress [44,49-51,58-62,74-76].

4.2. Practical Implications

From an applied perspective, these findings support integrating brief, structured
mental training alongside routine physical preparation in youth sport. Coach-delivered
micro-sessions that combine ACT-consistent skills (present-moment attention, acceptance,
values-guided actions) with sport-specific imagery, concise hypnosis scripts, and com-
petition routines can help athletes translate psychological regulation into faster, more
efficient responses in open-skill contexts—i.e., improved T-Drill agility and stimulus-
response speed consistent with agility and perceptual-cognitive models [14,15], and with
device-based reactivity work [4,68]. Evidence that ACT/mindfulness improves regulation
under stress [58-62], and that imagery/hypnosis can enhance focus, flow, self-efficacy, and
execution across sports, provides a mechanistic rationale for this hybrid approach in ado-
lescents [49-51,54,57,73]. For implementation, sessions can be embedded twice weekly for
~10-15 min during warm-ups or cooldowns over 7 weeks, using simple scripts aligned with
technical goals (e.g., cue-based focusing, brief imagery of sport-specific decision points, and
short relaxation/hypnosis inductions appropriate for minors and delivered or overseen
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by trained staff) [49-51,54,57-62,73]. Programs should be integrated with existing load-
and recovery-monitoring to address perceived fatigue and somatic complaints—domains
linked to performance and injury risk—using low-burden tools (e.g., DASS-21, GMSCS)
alongside standard fatigue practices [40,41,77-81]. Motor tracking can rely on field-friendly
tests already used here (T-Drill, BlazePod “Color Catch”) to ensure that psychological skills
training remains performance-embedded and ecologically valid [4,15,66,68].

4.3. Limitations and Future Directions

Several limitations should be acknowledged. The lack of random assignment limits
internal validity, and although baseline equivalence was partly ensured, unmeasured
confounders may have influenced the results. Moreover, the absence of a long-term follow-
up prevents conclusions about durability, and reliance on self-report for psychological
variables introduces potential response bias. Future research should prioritize randomized
controlled designs, incorporate objective physiological markers (e.g., HRV, cortisol), and
include follow-ups to assess maintenance of change. It will also be valuable to stratify
by sport type (team vs. individual; endurance vs. power-based) to account for differing
cognitive-motor and emotional demands, and to test dose-response relations to identify
the minimal effective dose for adolescent athletes.

5. Conclusions

Agility and visual reaction speed are decisive components of sport performance
in open-skill disciplines that demand rapid responses to unpredictable stimuli. In this
controlled trial, the SmartACT program produced greater gains in T-Drill agility and
BlazePod performance than both MAC and Control, together with larger reductions in
DASS-21 and GMSCS. For somatic symptoms, all groups improved over time, but the
decreases were consistently greatest in SmartACT, indicating added value beyond usual
practice and a mindfulness-only approach. While the quasi-experimental design and lack of
follow-up limit causal and durability inferences, the magnitude and consistency of effects
support the utility of SmartACT as a complement to standard training. Future studies
should test SmartACT in randomized designs, include longer follow-ups, and examine
differential responses across sport types and competitive levels.
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Abbreviations

The following abbreviations are used in this manuscript:

MAC Mindfulness Acceptance Commitment

SmartACT  Smart Acceptance and Commitment Therapies
DASS-21 Depression, Anxiety and Stress Scales (21-item)
GMSCS Ghent Multidimensional Somatic Complaints Scale

RT Reaction Time

CI Confidence Interval
ANOVA Analysis of Variance
1%p partial eta squared
MD Mean Difference

SD Standard Deviation
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Highlights:
What are the main findings?

e Capoeira training improved motor skills such as coordination, balance, and body
awareness in children with autism.

e  Participation fostered social communication and peer interaction, enhancing children’s
confidence and engagement.

What is the implication of the main finding?

e Capoeira can serve as a culturally rich and inclusive physical activity program sup-
porting both motor and social development.

e The findings suggest practical pathways for integrating children with autism into
mixed-group physical education and community programs.

Abstract: Background: Children with Autism often face motor, sensory and communi-
cational challenges that can hinder their participation in meaningful physical and social
activities. This study explores the potential of Capoeira to support their development across
these domains. Methods: This qualitative pilot study used semi-structured interviews with
parents of children aged 7-15 with Autism Spectrum Disorder (ASD) who participated in
group Capoeira programs. Data were analyzed through content categorization, leading to
the development of thematic constructs. Results: Three central domains emerged regarding
the perceived impact of Capoeira training on children with Autism: 1. Improvements in
areas commonly affected in Autism, including sensory and auditory regulation, motor
coordination, bodily awareness, compliance, and social communication. 2. Increased
motivation, independence, sense of belonging and integration into mixed peer groups
of typically developing (TD) children and children with ASD. 3. Broader developmental
gains were also reported, such as increased self-confidence, initiative, awareness of others,
and transfer of skills beyond the training context. Conclusions: The findings suggest that
Capoeira may serve as an effective integrated intervention model, supporting physical and
social development in children with ASD. Capoeira was reported to be associated with
improved coordination, balance, body awareness, and gains in nonverbal interaction and
social engagement, all within a collaborative, non-competitive framework. Future studies
should explore the short and long-term impact of such interventions through quantitative
outcome measures, as well as clarify the mechanisms that promote successful integration.

Keywords: autism; capoeira; inclusion; motor skills; social skills development; sensory
regulation; adapted physical activity
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1. Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental condition. It is charac-
terized by challenges in social communication, the presence of repetitive behaviors, and
restricted interests [1]. Official definitions emphasize impairments in social-emotional reci-
procity, nonverbal communicative behaviors, such as body language and eye contact, and
difficulties in interpreting social cues [2,3]. Additional characteristics of ASD may include
a pronounced insistence on routines, repetitive rituals, and atypical sensory sensitivities,
which can involve unusual responses to sounds, tastes, or textures [4-6]. Such symptoms
can contribute to significant challenges in personal, social, and occupational functioning. A
fundamental aspect of ASD is the difficulty in establishing and maintaining friendships.
These emotionally significant relationships necessitate intimacy, stability, and reciprocity,
all of which depend on well-developed social-cognitive abilities [7,8]. Children diagnosed
with ASD frequently encounter obstacles in expressing positive emotions, sharing experi-
ences, maintaining eye contact, and engaging in cooperative interactions [9]. Consequently,
their friendships are often fewer in number and inferior in quality compared to those of
typically developing peers, which may adversely impact their present and future social
and emotional well-being [4,5,10].

1.1. Motor Difficulties in Children with ASD

Approximately 87% of children with ASD struggle with age-appropriate motor tasks,
particularly in areas such as ball skills, balance, and visuomotor coordination [11-14]. These
challenges are clinically significant, affecting not only motor skills, but also social engage-
ment, information processing, and executive functioning [15-17]. Moreover, the severity of
the motor issues was found to correlate with the severity of core elements of ASD [18-20],
while the presence of motor difficulties was found to negatively influence the advancement
of children with ASD in regard to their core difficulties [20]. Research indicates that motor
interventions, such as physical activity, swimming, therapeutic horseback riding, and
hydrotherapy, can lead to improvements of 16% to 43% in skills like throwing, catching,
manual dexterity, and balance [21-23]. Furthermore, enhancements in motor functioning
have been linked to better executive functions, communication, and social behaviors, as
well as increased serotonin uptake [24-29]. Despite the recognized importance of physical
activity, children with ASD participate in such activities significantly less often than their
peers. A study in the United States found that only 17% of boys with ASD engaged in daily
physical activity, compared to 33% in the general population [30].

1.2. Gross Motor Skills and Social Competence in ASD

A meta-analysis incorporating 21 studies has established a significant relationship
between gross motor impairments and deficiencies in social skills among individuals with
ASD [17]. These motor impairments are posited to hinder participation in social activities,
as evidenced by observations that children with poor gross motor skills exhibit lower social
integration and diminished peer popularity [31]. Additionally, a systematic review and
meta-analysis of 16 quantitative studies, comprising both randomized controlled trials
(RCTs) and quasi-experimental designs, revealed that motor-based interventions, including
adapted basketball, karate, therapeutic horseback riding, and swimming, resulted in no-
table improvements of up to 77% in social communication skills in children with ASD [32].
Evaluations of these improvements utilized standardized assessment instruments such
as the Social Responsiveness Scale (SRS-2). Furthermore, notable advancements were
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observed in emotional regulation, self-awareness, and overall mood, alongside reduc-
tions in repetitive behaviors and rigidity, as assessed by tools like the Repetitive Behavior
Scale-Revised (RBS-R). An RCT focusing on children with ASD indicated that participa-
tion in a 12-week running program markedly enhanced emotional regulation and led to
a decrease in externalizing behaviors and overall behavioral issues, as measured by the
Emotional Regulation Checklist (ERC) and the Child Behavior Checklist (CBCL). These
findings may also imply indirect enhancements in social communication skills through the
facilitation of improved emotional and behavioral functioning [33]. Moreover, gross motor
skills have been linked to social-cognitive competencies, including executive functions
(EF) and theory of mind (ToM), both of which are essential for effective social interac-
tions [34]. These results emphasize the necessity for interventions that integrate motor,
cognitive, and social-cognitive elements to foster optimal social functioning in children
with ASD [35]. Previous literature has identified martial arts as efficacious interventions
for bolstering executive functioning and social competencies in this population [36,37].
Within this paradigm, Capoeira, a motor-social activity that synthesizes physical, emotional,
and cognitive dimensions emerges as a particularly promising intervention warranting
further exploration.

1.3. Capoeira

Capoeira is a distinctive Afro-Brazilian martial art that emphasizes cooperation among
participants. The Capoeira game is characterized by dynamic interaction, where practi-
tioners move in sync, incorporating kicks, evasions, dance-like movements, and acrobatic
elements. Unlike many other martial arts that focus on defeating an opponent, Capoeira
aims to create a collaborative movement dialog [38]. As the central training strategy in
Capoeira, the game requires coordinated physical interaction between two participants
and serves as the foundational communicative framework of the practice, functioning as a
form of “physical dialog” between players [39]. Dyadic practice plays a central role in the
learning process, fostering motor synchronization from the earliest training stages. This
synchronization is reinforced through rhythmic music and the paired practice of symmetri-
cal movements, commonly seen in beginner-level instruction [40]. Due to its emphasis on
acrobatic exercises, weight-bearing positions, and movements inspired by gymnastics, prac-
titioners of Capoeira often develop high levels of strength and flexibility [41]. Beyond the
physical aspects, research indicates that Capoeira improves posture, motor coordination,
and significantly contributes to emotional, social, and psychological development [42-44].
A recent literature review has shown that Capoeira engages a wide range of brain regions,
including areas linked to motor, cognitive, executive, and emotional functions, suggesting
its potential to enhance integrated neurocognitive processing [45]. A qualitative study in
Israel explored the therapeutic benefits of teaching Capoeira to children, adolescents, and
young adults in marginalized settings. Interviews revealed that the combination of move-
ment, music, and social interaction provides a nonviolent outlet for aggression, enhances
self-efficacy, and fosters a sense of belonging within a supportive community. These factors
indicate that Capoeira may be an effective approach for social and emotional rehabilitation,
particularly for those facing exclusion or rejection [46]. A qualitative study conducted
in Brazil examined the role of Capoeira in promoting inclusion, enhancing self-esteem,
and improving social interactions among children with ASD [47]. Utilizing interviews
and observations at two therapeutic centers for children with special needs, the research
revealed that participation in Capoeira led to significant improvements in motor skills,
social participation, and self-efficacy. The children demonstrated increased confidence,
greater initiative in social interactions, and enhanced coping mechanisms. Furthermore,
the integration of movement, music, rhythm, and play provided a rich sensory experience
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that facilitated emotional and social engagement. These findings underscore Capoeira’s
potential as an educational and rehabilitative space that supports the multidimensional
development of children with ASD.

1.4. Capoeira and ASD in Israel

In Israel, it is estimated that approximately 10,000 school-aged children engage in
Capoeira training across roughly 100 centers nationwide. Since the establishment of its
activity over 35 years ago, the Israeli Capoeira community has developed comprehensive
instructor training programs and routinely organizes professional conferences. During a
national instructors’ conference held in January 2023, attendees were queried regarding
the inclusion of children diagnosed with ASD within their elementary-age groups. All
respondents affirmed the integration of children with ASD in their programs, spanning
a range of functional levels. Furthermore, some groups provided support for children
requiring ongoing mediation through the assistance of aides during training sessions. It
is estimated that around 200 children aged 7 to 12 with ASD consistently participate in
community-based Capoeira classes, which are conducted in the afternoons, across the
country. Despite the increasing scholarly interest in the prospective benefits of Capoeira for
individuals with unique developmental profiles [46], and the rising acknowledgment of
its contributions to psychological resilience, self-esteem, and social bonding [48,49], there
remains a lack of systematic research investigating the specific advantages of inclusive
Capoeira groups composed of both children with ASD and their typically developing peers.

The significance of the study lies in presenting Capoeira as a socio-rehabilitative
model that integrates motor, sensory, and communicative interventions within a mixed
group framework that includes both children with and without disabilities. Such a setting
fosters an environment that combines social inclusion with the promotion of various
developmental skills.

A preliminary review of the existing literature reveals a notable lack of studies ad-
dressing the connection between Capoeira and ASD. Most existing works focus on the
historical evolution of Capoeira or on its contribution to motor development among typi-
cally developing populations.

Although physical activity interventions such as swimming, horseback riding, and
martial arts have demonstrated benefits for children with ASD, Capoeira remains virtually
unexplored. Its distinctive blend of rhythm, movement dialog, and non-competitive
interaction suggests potential developmental value. This qualitative pilot study aimed
to examine parents’ perspectives on Capoeira’s potential contributions to their children’s
motor, social, and sensory functioning, thereby providing preliminary insights to inform
future research.

Beyond its theoretical contribution, this study also holds considerable practical po-
tential. It may increase awareness among Capoeira instructors and trainers regarding
the importance of including children with special needs in their programs, while also
encouraging parents to consider enrolling their children in physically interactive activities
that promote social engagement, emotional regulation, and a sense of belonging. In doing
so0, the study proposes an innovative framework for developing motor-social interventions
grounded in rhythm, movement, play, and inclusion.

1.5. Research Aim

The current qualitative pilot study seeks to evaluate the suitability of existing mea-
surement tools in preparation for a subsequent quantitative study that will examine the
effectiveness of Capoeira training among children diagnosed with ASD. While established
research-based instruments provide documented value, this study adopts a bottom-up,
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field-based approach aimed at exploring how participation in Capoeira is perceived to
impact children’s motor and social functioning, as reported by their parents. As a pilot
study, the findings are exploratory and intended to inform future quantitative research.

The research questions address the daily challenges parents, and their children, face
due to ASD, the success of integrating children into mixed-ability training groups, the
meaning parents attribute to their child’s participation, and the perceived motor and social
changes resulting from the activity. Furthermore, the study investigates the instructional
practices employed by Capoeira instructors, with the aim of identifying mechanisms and
factors that contribute to successful group integration.

2. Materials and Methods
2.1. Procedure

This qualitative pilot study is based on semi-structured in-depth interviews with
parents of children who had participated in Capoeira classes in Israel for at least one year.
The study was approved by the university ethics committee (AU-HEA-LK-20240726). Fol-
lowing ethical approval, parents from across the country, whose children trained regularly
with certified Capoeira instructors and who had voluntarily chosen to disclose their child’s
ASD diagnosis, were invited to participate.

Recruitment was carried out via an invitation message distributed by the Capoeira
instructors to parents whose children met the study criteria. Upon scheduling the inter-
view, participants voluntarily agreed to take part in the study and signed an informed
consent form.

2.2. Participants

A convenience sample was composed of ten parents (seven mothers and three fathers)
of children with ASD, aged 7 to 15 (Mean age 10.05 &= SD = 2.63), who regularly participate
in Capoeira classes in Israel. All children had been diagnosed with ASD during early
childhood, and the diagnosis had been openly disclosed to the group instructor by the
parents as described in Table 1. Eligibility required that participants be parents of children
with a confirmed ASD diagnosis, who had trained in Capoeira for at least one year and
had participated in Capoeira during their elementary school years (ages 7-12). Families
that did not meet these conditions, were unavailable for an interview, or declined to
participate were excluded. In total, 16 families were invited through Capoeira instructors;
10 met the inclusion criteria and agreed to participate, while 6 did not meet the criteria or
declined participation. Regarding educational placement, seven children were enrolled
in special education classes, two attended mainstream classrooms with the support of
an aide, and one was integrated into a mainstream classroom without ongoing support.
After nine interviews, a noticeable decline in the emergence of new information was
observed, indicating data saturation. Following this observation, the research team made a
joint decision to discontinue data collection following the tenth interview. Potential data
interpretation bias was addressed through peer debriefing and iterative discussions within
the research team. This approach was considered suitable given the exploratory and pilot
nature of the study.
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Table 1. Socio-demographic and Capoeira participation details of children with ASD.

Child’s Capoeira Trainin
Age Age at Autism Age Started poe "8
# Sex . . . Duration Intensity
(Years Diagnosis Level Capoeira
(Years) (Recent)
Months)
Mild-
1. 7.6 M 3 Moderate 4 3.5 1
Mild-
2. 7 M 3 Moderate 6 1 1
3. 12 M 10 Mild 8 4 2
Mild-
4. 9 M 3.5 Moderate 7 2 1
5. 10 F 9 Mild 5 4 2
6. 15 M 115 Mild 5 10 3
7. 10.7 M 25 Low 7 3.5 1
Functioning
Mild-
8. 13 M 3.9 Moderate 7 6
9. 9 M 8 Mild 4 5 2
10. 7.5 M 4 Mild 6 1.5 2
Mean 10.0 5.8 59 4.0 1.7
+ (SD) + (2.6) + (3.4) + (1.3) + (2.6) + (0.6)

Note: Training intensity (recent) refers to the average weekly frequency of Capoeira sessions during the last year.

2.3. Research Instruments

Data was collected through in-depth interviews conducted by the first author (R.L.A).
All interviews took place face-to-face and lasted between 20 and 50 min, with an average
duration of approximately 35 min. The interviews were audio-recorded and transcribed
with the participants’ consent.

The interview protocol began with an overview of the study and its objectives, along
with relevant ethical information required by the institutional review board. Following
this, the interviewer collected essential demographic data about the participating child,
including age, duration of Capoeira participation, and training frequency. Subsequent
questions focused on the primary research areas while allowing flexibility for participants
to elaborate. The interview guide included topics related to the child’s background and
diagnosis. Parents were initially asked to describe their child’s autism diagnosis and
developmental challenges, with prompts such as, “Please describe your child’s autism; how
does it manifest?” The conversation then shifted to the child’s engagement with Capoeira,
addressing behavioral and emotional responses before and after training. Sample questions
included: “How does your child behave prior to training?” and “What do they say about
the class at home?” Additionally, the guide prompted parents to reflect on perceived
developmental, emotional, or behavioral changes linked to Capoeira participation. Key
questions included, “Have you noticed any changes in your child due to Capoeira? Can
you describe their emotional state before and after a session?” To further explore, parents
were invited to share their understanding of how Capoeira instruction may contribute
to these changes. Lastly, the interview addressed the parent-instructor relationship and
how the Capoeira environment supported inclusion. Questions included, “What would
you say to a parent with concerns about inclusion? How has your experience with the
instructor been?” Each interview concluded with expressions of gratitude for the parent’s
participation and a brief note that a summary of the study’s findings would be shared
upon publication.
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2.4. Interview Analysis

The recorded interviews were transcribed verbatim and analyzed using a thematic
approach, following an inductive process to identify core themes emerging from the
participants’ narratives, including recurring language and patterns. Data analysis was
conducted in accordance with established guidelines for thematic analysis [50].

Following an in-depth familiarization with the data, initial coding was performed
manually by the first author, who repeatedly reviewed the transcripts and extracted illus-
trative quotations. The supervisory team (two senior researchers) subsequently reviewed
the coding and transcripts, verified the appropriateness of quotations, and suggested re-
finements to the thematic structure. This was followed by the organization of participants’
perceptions and experiences into key themes, which were grouped into conceptual cate-
gories. After reviewing the themes and checking for consistency, each identified theme
was clearly defined and supported by direct quotations from the interviews, selected to
faithfully reflect the essence of participants’ views and the diversity of their perspectives.
No qualitative data analysis software was used. The interviews were conducted in Hebrew
only and there was no need for translation or re-translation during the data collection
phase. In order to write the article in English, translation and scientific linguistic editing
were performed accordingly.

2.5. Description of the Intervention—DParticipation in Capoeira Classes

The present study included parents of children diagnosed with ASD who regularly
participate in Capoeira classes in cities across central Israel. The classes are led by certified
Capoeira instructors licensed to teach, but do not have specialized training in working with
children with special needs.

The autistic children are integrated into mixed-ability groups alongside typically
developing peers of the same age. The majority of children represented in the sample (6
out of 10) train at least twice a week, with each session lasting a minimum of 45 min, and
have been participating for over one year.

3. Results

This section is structured around three key themes that reflect the participants’ per-
ceptions of how Capoeira training has influenced their children’s functioning. The main
themes are the following:

(1) Common challenges associated with ASD;
(2) Experience of participating in Capoeira classes;
(3) Behavioral changes observed in the context of Capoeira.

Each overarching theme is further divided into sub themes that address specific topics
highlighted by the interviewees, including: motor difficulties and sensory regulation;
challenges in self-expression and social communication; preparation for and entry into
training sessions; integration into mixed-ability groups; improvements in motor and
sensory functioning; enhanced self-presentation; and increased understanding of others
and social communication. All quotes included in this section are verbatim statements from
the interviewees, enclosed in quotation marks and coded accordingly. Each code consists
of a letter indicating the interview number and a numeral indicating the transcript page
from which the quote was extracted, allowing for precise retrieval of the source material.

3.1. Common Challenges in ASD

This theme comprises two selected subthemes that address challenges commonly
experienced by children with ASD, as reported by the interviewees. It focuses on difficulties
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in sensory regulation, motor functioning, alongside challenges in self-presentation and
social communication.

3.1.1. Difficulties in Sensory Regulation and Motor Functioning

This sub-theme reflects interviewees” accounts of their children’s sensory and motor
challenges and the impact of these difficulties on daily functioning. Many of the partic-
ipating children were described as having experienced, either currently or in the past,
difficulties with sensory regulation, spatial orientation, and basic motor skills. These chal-
lenges, particularly heightened sensitivity to stimuli such as noise or touch, often led to
avoidance of social and physical activities and required careful planning of daily routines
and community participation.

Interviewees described challenges in interpreting bodily sensations, such as atypical
responses to pain: “He didn’t have a normal reaction to pain, he could get a bleeding open
wound and just do nothing about it because he was busy with his own things” (A,2) and
tactile sensitivities: “Hugs are impossible. He doesn’t like hugging, he dislikes physical
contact” (J,3) as well as sensitivity to noise and crowded environments: “If there’s noise or
lots of people, he wants to put on headphones and be alone” (B,4).

Such sensitivities often interfered with participation in social events and required
families to carefully plan daily activities: “I really wanted to include him in the summer
camp. .. but there were so many kids and such a range of ages, and it was very noisy. .. He
just couldn’t manage, and after an hour, I had to take him home. Maybe next year” (A,6).

Interviewees also described vestibular and proprioceptive regulation difficulties, as
well as balance issues: “He constantly spins in place and bumps into things” (A,2); “He
keeps falling” (B,5). Interviewees noted their child’s motor challenges, especially when
compared to peers of a similar age: “He had motor difficulties” (A,1); “At age three or
four, he couldn’t hold things properly. He couldn’t grip a pencil the way he should” (1,5).
Many of the children showed preference for sedentary activities and a general disinterest
in physical activity: “He’s not a sporty kid. If he had a choice, he’d sit on the couch playing
with Lego, watching TV, or drawing” (1,6).

Interviewees emphasized that one of the reasons they chose Capoeira was that it does
not involve uncomfortable physical touch: “One of the things that fascinated me about
Capoeira is that there’s no harsh or unpleasant touch” (A,6). Others emphasized previous
difficulties with contact-based martial arts: “We tried judo, and he didn’t like being touched.
I remember thinking: in Capoeira they don’t touch each other that much, maybe that’ll
work for him” (H,3).

3.1.2. Difficulties in Self-Presentation, Following Instructions, and Social Communication

This sub theme is directly related to the communication challenges often associated
with ASD. Interviewees expressed concerns about these challenges and shared their de-
sire to identify supportive strategies that could foster development in this area. Many
interviewees indicated that recognizing these communication gaps prompted them to seek
diagnostic evaluations and find activities that could promote social connection, openness
to new situations, and motor development. Interviewees provided numerous examples
of their children’s difficulties in responding to verbal cues or instructions. For instance:
“He did not really follow instructions. He did not fully understand them, even though his
cognition is completely intact, he did not always hear or was able to concentrate” (A,1);
“He barely spoke, did not talk to strangers, and did not always respond to his name” (A,2);
“He tends to ignore; he is in his own world” (D,2); “In daycare she was quiet. Very quiet,
anxious, nodding” (E,1). Interviewees described avoidant or withdrawn behaviors linked
to anxiety or frustration: “He would hide under the table when something upset him,
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he would shut down, become stressed, and refuse to cooperate” (I,1). Interviewees also
described patterns of avoiding communication with other children: “He always plays
alone besides the other children, and if someone tries to join him, he gets upset. If an
unfamiliar person tries to talk to him, he does not engage” (B,2); “He is very quiet, plays
alone, and you can barely notice him” (D,1); “The gap between him and the other children
in class keeps growing, in interests and in how they communicate” (C,1); “He did not
engage with other children at all. Especially with younger ones, he just ignored them”
(E11). Some interviewees spoke about a sense of alienation resulting from their children’s
difficulties in developing effective social strategies: “Something is off about the way she
communicates with her friends” (E,2); “He doesn’t understand, and then there are a lot of
misunderstandings and people get angry at him” (V,3); “He really wants friends and to fit
in, but it seems like he doesn’t know how”, “He does things that trigger rejection and get
him the opposite result” (C,2). In light of these prevalent challenges among children with
ASD, interviewees expressed a strong desire to find meaningful out-of-home activities that
could support both motor and social development while also helping to reduce anxiety.

3.2. The Experience of Participating in Capoeira Classes

This theme explores the experiences of interviewees regarding their children’s par-
ticipation in Capoeira classes and how these experiences contribute to their overall devel-
opment and social integration. It includes two key subthemes: the process of preparing
for and starting the activity, and the integration of children into mixed groups that include
participants both with and without ASD.

An additional sub-theme not included here addresses the challenges of group integra-
tion and the supportive strategies implemented by instructors.

3.2.1. Preparation for and Entry into the Activity

Transitions and shifts between types of activity can present significant challenges
for children with ASD and their families [51]. This sub-theme focuses on the process of
preparing for Capoeira lessons from the moment the child arrives from school, through
dressing in training clothes and their behavior prior to the session, to the moment of
entering the training space. It also describes how parents and instructors support children
when difficulties arise during entry into and integration within the activity.

Interviewees observed unusual functioning in their children’s preparation for
Capoeira, in contrast to the difficulties typically seen in other contexts. This was evi-
dent as early as school pickup: “When he knows it is for Capoeira, he is already waiting
outside the classroom long before” (B,4); “When I pick him up from school, he shouts
‘Capoeira! already at the school gate”” (G,3).

Interviewees described a strong willingness among the children to prepare indepen-
dently: “He comes home, says, ‘Dad, I have training today, I am going to get dressed, I am
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getting ready’” (J,7). They noted a clear contrast between the effort needed to prepare for
other frameworks and the ease of preparation for Capoeira: “He comes home and asks
me for the shirt and pants. It takes him one minute to get ready. So even though in the
morning I have to dress him up, when it is for Capoeira, I do not need to do anything, not
help at all,” (B,4).

This independence was also reflected in readiness for class: “He already gets dressed
on his own, gets ready on his own, takes a bottle on his own, maybe that is normal for other
kids, but for us, it is not” (E,8).

Interviewees described strong anticipation for the training session and eagerness to
participate: “He is happy, he is waiting, he knows when the class is” (A,1); “He truly looks
forward for the training, really wants to go to Capoeira” (D,4). Interviewees also described
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a strong desire in their children to begin the activity: “He literally runs from the house to
Capoeira” (B,4).

Few interviewees described challenges in getting the child out of the house when they
were immersed in another activity: “It takes a push because when he is watching TV, it
is hard to get him out, but (when it comes for Capoeira) it is not very hard. He likes the
classes, he likes going” (L,5).

Interviewees emphasized the importance of a consistent and predictable structure,
noting that disruptions to the training routine could lead to resistance: “If they move the
day, he will suddenly start to struggle and will not want to go” (H,3).

Preparation strategies, such as pre-session reminders and priming, were described as
essential tools for easing transitions: “When is it hard to leave? When I do not remind her
in time” (E,5).

Additional challenges related to adjusting to the instructional staff were raised, partic-
ularly when there was an unexpected change of instructors. While adapted responses, such
as assigning a personal mentor, supported successful engagement: “He has a mentor who
helps him with the exercises” (G,2), the absence of such support could disrupt the entry
into the session: “If the mentor were late or did not show up, there would be crying” (G,2).

Interviewees shared various strategies to manage staff transitions, such as receiving a
photo of the substitute instructor in advance: “If there is a substitute teacher, we will only
come after that teacher sends me a photo of himself” (G,3).

Another approach to easing transitions was arriving early to build familiarity: “We
come fifteen minutes early, and the instructor comes outside and introduces himself to the
child. He says, ‘Do you want to be my assistant?” Then we go in fifteen minutes early to
lay the groundwork” (G,3).

In general, interviewees described entry into the activity as a positive experience for
their children: “I see that when he enters Capoeira, he suddenly feels calm” (G,2), and
highlighted the independence their children demonstrated: “I arrive, he says hello, goes
in, takes off his shoes, grabs his bottle, goodbye” (G,2); “He also wants to be independent,
so when we arrive at the gym he tells me: ‘I am going up by myself, do not come with
me”” (DA4).

These findings suggest that participation in Capoeira elicits a unique sense of moti-
vation in interviewees’ children, reflected in exceptional cooperation during preparation,
demonstrated independence when entering the session, and the ability to engage without
ongoing support. Unlike other activities, Capoeira training was perceived as stimulating
interest and commitment, serving as an opportunity to develop life skills and independence.
However, alongside this enthusiasm and self-initiated participation, unexpected changes,
lack of preparation, or disruptions to routine could hinder the child’s ability to leave the
house or participate effectively. Interviewees stressed the importance of proactive strategies
such as verbal or visual priming, maintaining a consistent framework, and establishing
familiarity with the instructional staff to support successful participation.

3.2.2. Integration into a Mixed Group

Programs designed for children with ASD typically focus on therapeutic or one-on-one
settings, such as therapeutic horseback riding, hydrotherapy, speech therapy, or physiother-
apy. While dedicated group settings allow for peer interaction among children with similar
characteristics, research has shown that integrated groups, including children with typical
development alongside those with ASD can significantly support the acquisition of life
skills and communication through peer-mediated learning [7,52]. This subtheme presents
the perspectives of interviewees regarding the challenges their children and instructors
face when integrating children with ASD into mixed groups, as well as their impressions of

111



Children 2025, 12, 1305

the social environment in Capoeira classes. It also explores their views on their children’s
social experiences and how the core principles of Capoeira aid in successful inclusion. In-
terviewees emphasized the inclusive and nonjudgmental atmosphere of the group, where
their children receive equal treatment, experience social successes, and develop a sense
of belonging and self-expression. Capoeira’s unique qualities, especially its focus on co-
operation rather than competition, help create a social environment that enables children
with ASD to actively participate, achieve success, and form friendships with their peers.
These findings highlight the significant role of integrated settings in fostering belonging
and helping children develop social skills within an inclusive environment.

Interviewees expressed a desire for their children to participate in a group-based,
inclusive environment. One parent noted, “Group sports create social connections and
a social circle, and that is what my child has been missing all his life” (F,12). However,
they also shared concerns about integration in such settings. One interviewee remarked, “I
see the children he is with, these are not children on the spectrum” (G,2), while another
expressed worries about potential conflicts: “I was worried. I told the instructor: “What
if he starts fighting with the other kids? What if something does not work and he loses
control? It will be hard for him’” (J,1). Some interviewees recognized the emotional
challenge of placing their child in a group that differed from them: “To bring a child on the
spectrum into a group of children who are not on the spectrum is already a challenge for
the child” (J,8). From the interviews, it emerges that Capoeira classes are seen as socially
inclusive environments. As one parent described, “He might start doing hand movements
or dancing, things that typical kids do not usually do. Yes, they are very understanding,
these kids” (J,8). Another parent shared, “It is his safe space, a place where they understand
him, where being different is accepted. He does not feel different when he is there; that
is one of his happiest things. The other kids say hello to him, he feels like one of the
group” (G,4). Another noted, “They form a circle, and he steps in proudly and receives
encouragement” (H,5). Interviewees also highlighted that this environment allows their
children to learn appropriate behaviors from peers. One parent explained, “He tells me he
can ask that kid or some of the others, if he is in a situation he does not understand. They
will stop him and say, “That is not appropriate’, and he accepts it well” (E3).

Capoeira is not a competitive sport; training for elementary-aged children emphasizes
cooperation within the game. Interviewees viewed this aspect as a significant reason
why Capoeira meets their children’s needs, distinguishing it from other activities that are
competitive: “There is no element of competition. You do your best relative to yourself.”
(E,8). Another said, “First of all, because it is not competitive, it is more of a social sport”
(HL5). One parent remarked, “What I think works great for my child specifically is that
it is not competitive. The goal is for everyone to succeed” (F2). Another added, “I do
not want him doing any competitive sport. Nothing. That would just make his anxiety
worse. He had meltdowns when he lost at chess, he would be upset for days” (H,10). In
Capoeira, however, the atmosphere is positive and supportive: “Here it is the opposite. If
someone pulls off a move, “‘Wow! That was awesome! How did he do that?” There is so
much positive feedback, and it has always been that way” (F12). Interviewees frequently
described the sense of acceptance their children experience in Capoeira: “At some point,
the girl from home also became the Capoeira girl. That means she feels very comfortable”
(E,7). A parent shared, “My son is a bit reserved about his Autism, but there, it is like
he came out of the closet. He does not hide it. The day he got the diagnosis, he walked
into the studio and said, ‘Hey, I am Asperger’s. I am autistic...”” (F4). Another parent
noted, “I think it is the place where he feels free to express himself, to release energy
and enjoy himself” (G,5). One interviewee reflected on how the social atmosphere of the
group carried over beyond the class itself: “When it is our turn to drive them home, they
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laugh, there is this social vibe, something that usually does not happen at school. It really
gives him a place to feel comfortable being himself, because he does not feel that way
in most places in the world” (E15). Interviewees indicated that Capoeira has become a
meaningful social framework for their children: “Capoeira is her world, she is a part of
it” (E,5). Another parent expressed, “Of course he loves it. It is like he found his place”
(C,3). The parents emphasized the importance of having frameworks where their children
can integrate without feeling excluded: “It means a lot because he is not supposed to feel
different there. He already feels different in other areas, such as going to the park, playing
with kids, or joining other activities, he needs to feel like everyone else” (G,9). These
findings suggest that for the interviewees’ children, Capoeira is not viewed merely as a
physical activity but as a meaningful social space that allows for natural inclusion in a
mixed group. As one parent put it, “In Capoeira he knows how to be with those who are
better than him and those who are less good than him, without making a big deal of it, like
he usually would in other situations” (C,6).

3.3. Changes Related to Being Involved in Capoeira

This theme presents interviewees’ accounts of changes they observed in their children
following participation in Capoeira classes, with a focus on sensory-motor functioning
and social skills. It includes two selected sub-themes: improvement in sensory regulation,
motor functioning, and enhancement of self-presentation and social communication.

3.3.1. Improvement in Sensory Regulation and Motor Functioning

This sub-theme presents the interviewees” observations of changes in their children
following participation in Capoeira classes, specifically regarding their ability to cope
with external stimuli, regulate sensory input, perceive their bodies in space, and improve
motor development. According to the interviewees, Capoeira had a positive impact on
their children’s sensory regulation, evident in their improved responses to external stimuli,
increased bodily awareness, and heightened calmness after training sessions. The music in
Capoeira classes was viewed as a significant factor in enhancing auditory regulation and
fostering a sense of social belonging.

Interviewees considered Capoeira a major contributor to their children’s motor de-
velopment, noting reduced clumsiness and notable improvements in coordination, bal-
ance, and overall movement abilities. In addition to physical progress, they emphasized
that Capoeira expanded their children’s movement repertoire and enhanced their sense
of competence.

Most interviewees highlighted the importance of movement in responding to their
children’s need for physical stimulation, with one stating: “Of course, it gives him a lot
in terms of sensory input. It is really important, he is a child who needs much physical
stimulation, and the fitness and physical activity affect him very positively in every aspect,
including his nervous system” (C,5). They described improvements in handling sensory
challenges, such as wearing clothing: “In the last two times, he made an extra effort to
come in long pants, which is totally uncharacteristic for him” (C,4).

Further improvement was observed in the children’s ability to perceive their body’s
position in space and to act accordingly: “They feel their bodies better” (B,7) and “He really
improved at that. For example, when he wants to do a cartwheel, in the past, if he tried, he
would hit someone. Now he looks around, moves people out of the way, makes sure it is
clear, and only then does it” (D,6)

Interviewees spoke about the unique role of music in supporting their children’s
auditory regulation. While loud environments are generally perceived as stressful or
overwhelming, the music in Capoeira sessions was experienced differently: “There are
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Capoeira songs he really likes” (G,2). One parent noted, “Usually, when there is noise, lots
of things, people, he wants to wear headphones and be alone. Moreover, he usually stands
at the side. That is what happened when we got there at first. But as soon as the music
started, he took off the headphones and went in” (B,4). Another shared, “I can go with him
to a family event, and he cannot stand the noise. But here, he is okay with the noise” (H,
6). It seems that the simple musical patterns played by participants themselves created a
unique sense of belonging: “When they all stand and play music together, he really feels
part of something, something he feels equal in. He feels like he is in rhythm with everyone.
He does not experience that in other places” (C,4). Interviewees emphasized the significant
motor improvements their children experienced through Capoeira, particularly given the
motor challenges typically associated with ASD: “For my child, who is clumsy and not
very physically active, it is great. It is exactly what he needs” (I,8); “His motor skills and
physical abilities improved” (D,6) and “We saw his coordination improve. We noticed
his body becoming smarter, with fewer injuries and bumping into things less, even when
spinning” (A,3).

These improvements were evident in everyday functional tasks as well: “Now when
he runs, he does not fall. I can see him doing things in a much more organized way” (B,5).
Beyond physical improvement, interviewees reported that Capoeira greatly enhanced their
children’s confidence and sense of capability: “He enjoys it, he gets really excited if he
suddenly manages to do a cartwheel” (A,4); “It gives him confidence and something to be
proud of” (D,6). Additionally, Capoeira enabled children to engage in other movement-
based activities: “It suddenly opened us up to a whole new world of body control that
just did not exist before” (A,3); “This year, I signed him up for hip hop, and I am sure
he would not have been able to do that if he had not gone through a year of Capoeira”
(B,5). Interviewees also noted a sense of calmness in their children after Capoeira sessions:
“When he comes out of there, it is like he took a breath” (B,5); “She comes back much more
relaxed” (E,8).

3.3.2. Improvement in Self-Presentation, Understanding Others, and
Social Communication

This sub-theme discusses the interviewees’ reflections on the changes they observed in
their children’s self-presentation and communication skills after participating in Capoeira.
The findings suggest that interviewees view Capoeira as an impactful tool that has signifi-
cantly enhanced their children’s social communication abilities, allowing them to present
themselves positively and confidently to others. Through their membership in an inclusive
community, showcasing personal skills, and engaging in teaching roles, children devel-
oped greater self-confidence and improved their ability to initiate social interactions. The
movement-based interactions at the core of Capoeira were described as fostering aware-
ness of others and enhancing adaptive communication skills. Interviewees highlighted
Capoeira’s contribution to developing cognitive flexibility and adaptability in dynamic
social situations, noting that the skills learned in Capoeira present a carry-over and extend
beyond the class applying to broader social contexts.

Interviewees expressed that Capoeira became a significant aspect of their children’s
identities: “Whenever someone asks him what he does in the afternoon, he says, ‘I do
Capoeira” (H,3). They described how Capoeira’s visual symbols, like the training uniform,
act as tools for connection: “If he sees someone wearing a Capoeira shirt outside, he’ll go
(C,4). Interviewees
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straight over to talk to him, saying, ‘I do Capoeira too; I play it too
reported that their children use Capoeira skills to connect with others: “When we are in
an open place with other people, he almost always demonstrates Capoeira moves, it gives
him something positive to engage with and to present himself through” (C,5). They also
noted increased social openness and a greater ability to engage with others in everyday
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situations: “I see he is more open, if someone talks to him, he does not shut down” (B,6).
This improvement was linked to a rise in the children’s self-confidence: “His confidence
has significantly improved, he used to be very shy. Now he approaches other kids without
any problem at all” (D,6).

Activities typical to Capoeira were experienced as supportive in understanding others’
feelings: “There was a strong emphasis on whether your partner is ready, making eye
contact. He knows how to look and wait to see if the other person is ready. That he can ask,
‘Are you ready?’” (A,3); “In Capoeira, he has the opportunity to invite another person to
practice or play, to understand boundaries, knowing when it is appropriate. You are doing
something that reflects onto the other person, and you have to anticipate their movements
while allowing them to anticipate yours. You are across from them, but not against them. It
strengthens reciprocity, which he, as a child with ASD, really struggles with” (C,7).

The mutuality embedded in Capoeira was described as a catalyst for developing
essential skills for communicative interaction: “There is a kind of dialog in Capoeira with
the person you are with” (D,5); “It is like a type of interaction, only more movement-based”
(19); “The whole structure of Capoeira, I feel like it gives him more cognitive flexibility. He
understands that he has to go with the flow of the other person, for example, he has to duck
so the kick passes over him. I actually see it as a metaphor for real-world relationships and
interpersonal dynamics” (ES8).

Interviewees also shared how their children used Capoeira experiences to support
others: “His brother was terrified, and he used Capoeira to show him how you train, try,
try again, until you succeed, until you overcome the fear” (C,5). They expressed their
impression of improvements in their children’s behavior toward others: “I see how he
acts toward others and how he eats, he has become more patient with other kids” (E15).
Interviewees spoke of their children’s growing desire to share and teach what they have
learned: “Sometimes he even offers to teach a little to younger kids” (C,5); “She likes to
talk, demonstrate, and explain things to kids, she enjoys teaching” (E,6).

Opportunities to take on instructional roles were described as empowering moments:
“The instructor uses her sometimes to demonstrate, and she feels responsible and commit-
ted, it boosts her confidence” (E,6). They emphasized the importance of the skills developed
through instructional experience: “He was given the responsibility of being an assistant
instructor, and that took him one step forward. Until then, he did not even know how to
interact with little kids” (F,10).

3.4. Summary of the Findings

Through interviews with parents, four primary domains of functioning were identified
in which their children exhibited notable changes following participation in Capoeira:
motor functioning, sensory regulation, social communication, and sense of belonging.
Parents reported advancements in their children’s ability to manage external stimuli,
enhanced bodily awareness concerning spatial orientation, decreased motor clumsiness,
and improvements in coordination, balance, and overall movement capabilities. The
incorporation of music within Capoeira was recognized as a significant factor in facilitating
auditory regulation and strengthening the children’s sense of social belonging.

In the area of social communication, parents observed improvements in their chil-
dren’s ability to initiate interactions, elevated self-confidence, and heightened awareness
of others’” emotional and social cues. Parents described Capoeira as a practice that culti-
vates cognitive flexibility and adaptability to dynamic social contexts, with the social skills
acquired during training having a carryover effect, being applied outside of the class envi-
ronment. Additionally, participation in Capoeira was noted to inspire a distinctive sense
of motivation in the children. This was evident in their cooperation during preparation,
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their demonstration of independence upon entering class, and their ability to engage in the
activity without requiring continuous support.

Another significant factor identified was the supportive social environment within
the Capoeira group, which naturally facilitated the children’s integration into a mixed
setting. The inclusive atmosphere and equitable treatment contributed to positive social
experiences, reinforced a sense of belonging, and encouraged the development of peer
relationships, emphasizing cooperation over competition.

4. Discussion

The current study set out to explore the effect of Capoeira training on children with
ASD. This qualitative pilot study is based on ten in-depth interviews with parents of
children with ASD who participate in Capoeira classes. The aim was to explore the con-
tributions of Capoeira across various domains, including motor and physical benefits,
social skills development, experiences in mixed training groups, influences on executive
functions, due to the activity. The significance of this study lies in its contribution to
the limited understanding of Capoeira as a movement-based and social intervention for
children with ASD, a topic that remains underexplored in the research literature. The
findings suggest that Capoeira may positively impact all examined domains, with the most
significant improvements observed in motor and social skills. Emerging evidence indicates
that interventions focused on motor functioning may have broader positive effects on core
symptoms of ASD, including social interaction, information processing, and executive
functions [14,15]. According to parents’ reports, the findings of this study support this
assertion by presenting evidence of enhancements in movement abilities, sensory regula-
tion, cognitive flexibility, functional independence, motivation, social communication, and
social initiative. These results highlight Capoeira’s potential as an integrated model that
combines physical activity and social intervention.

From a motor perspective, interviewees reported that their children showed improve-
ments in coordination, spatial body awareness, balance, and a reduction in falls. Addition-
ally, they observed increased physical strength and a broader range of movement. These
findings are consistent with a previous study [53], which highlighted the significant contri-
bution of martial arts to the development of motor skills among children with ASD. The
results suggest that participation in Capoeira enhanced the children’s awareness of their
body position in space, contributing to improved movement control, collision avoidance,
sensory regulation, and the ability to perform movements in greater synchrony with the
surrounding environment. Interviewees noted a significant reduction in motor clumsiness,
including fewer collisions with objects and fewer falls and injuries. They also described
greater bodily awareness, such as being mindful of their surroundings before attempting
a cartwheel.

One of the distinctive aspects of Capoeira is its emphasis on reciprocal movement-
based interactions, such as movement imitation and partner-based activity. These interac-
tions require spatial awareness and promote motor synchronization. In Capoeira, children
who struggle with spatial perception or motor coordination had the opportunity to explore
adapted execution strategies while being encouraged to cooperate with their peers.

Additionally, Capoeira was found to expand the children’s movement repertoire,
thereby not only supporting motor functioning but also contributing to developing body
awareness and a sense of competence. Interviewees described improvements in self-
esteem, feelings of pride, and self-confidence, emphasizing the unique nature of Capoeira
in offering a non-competitive opportunity for success based on personal progress.

In the domain of sensory regulation, the study points to the contribution of Capoeira
participation in improving children’s sensory self-regulation. This was reflected in better
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responses to external stimuli, increased body sensory awareness, and better management
of internal tension. Movement during Capoeira training served as a regulatory tool, partic-
ularly for children with heightened needs for physical stimulation. Interviewees reported
a heightened sense of calm following Capoeira sessions and described the training as a
means for their children to release tension and regulate the elevated levels of physiological
arousal often characteristic of some children with ASD. Similar sensory improvements fol-
lowing physical activity interventions have also been documented in other studies [54,55],
especially when the intervention involved vestibular-related movements similar to those
practiced in Capoeira [56].

Furthermore, the findings indicate that the music used during Capoeira sessions
contributed to the children’s sensory regulation, particularly among those with heightened
sensitivity to noise. This outcome aligns with previous findings demonstrating that music
can support sensory regulation and reduce auditory overload in children with ASD [57,58].
Moreover, music played a central role in strengthening the children’s sense of social
belonging. This effect is further supported by studies showing that participation in musical
activities helps foster social bonding and a sense of inclusion within a group [59,60].

A common characteristic observed in children with ASD is difficulty transitioning be-
tween activities [2] and challenges in preparing for these activities [61]. The findings of the
current study revealed a notable contrast between the difficulties these children faced when
preparing for various activities and their high motivation and exceptional independence
when preparing for Capoeira training. They also exhibited positive anticipation regarding
their attendance and participation, which seems to be uniquely associated with Capoeira.
Entry into the activity was found to be a significant phase in the integration process, during
which the children showed initiative and autonomy, with little to no need for ongoing
support. It appears that the structured and consistent framework of the training sessions
provided a sense of security, reducing resistance to change. Specifically, priming, schedule
consistency, and familiarity with instructors played vital roles in easing their transition into
the activity.

In the social domain, the study highlights the unique contribution of Capoeira to
developing social skills and a sense of belonging. Unlike most existing interventions,
typically in one-on-one settings where the child mainly interacts with a therapist, Capoeira
provides a natural group framework for social skills practice within a structured and
supportive environment. Integration into a mixed group enabled the children to practice
communicative skills while forming organic social connections with peers within the
Capoeira sessions, as well as extending their social skills to social situations unrelated to the
Capoeira training (in family gatherings and with small children). These findings reinforce
previous research demonstrating that participation in integrated group settings contributes
to acquiring life skills and improving social functioning of children with ASD [10,62].

An inclusive, accepting social climate was identified as a key factor in successful
integration. Interviewees emphasized that the Capoeira environment was characterized
by social acceptance and encouragement, which allowed the children to feel part of the
group without being seen as different. This setting provided an opportunity to practice and
improve social skills in real time while learning appropriate behaviors and understanding
social norms. Compared to special education settings, where group sizes tend to be smaller
and more structured, participation in larger and more diverse groups contributed to the
children’s ability to adapt to dynamic social environments outside the Capoeira setting and
within daily situations.

The practice of Capoeira, commonly known as “the game,” focuses on reciprocal
movement interactions and has been shown to enhance nonverbal communication skills.
Activities such as movement imitation, maintaining a shared rhythm, and coordinating
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with a partner enhanced the ability of children with ASD to interpret and respond to
social cues while fostering awareness of others” emotional and physical states. Addition-
ally, the absence of competition emerged as a significant advantage. While many sports
activities focus on achievement and winning, Capoeira encourages cooperation, mutual
empowerment, and personal success. The children learned to celebrate the achievements of
others and to enjoy the process itself without experiencing the pressure or frustration often
associated with losing. Interviewees noted that this characteristic reduced social anxiety
and improved the children’s ability to integrate into the group without fear of failure.

In addition to enhancing their ability to form social connections, Capoeira empow-
ered the children to initiate interactions within the Capoeira setting but also beyond
their Capoeira group and into daily situations. The children identified themselves as
“Capoeira practitioners,” using the skills they had acquired to present themselves to others
and establish points of connection with their environment. Actions such as demonstrat-
ing movements for peers, assisting younger children, and taking on instructional roles
within the Capoeira setting strengthened their self-confidence and ability to engage in
social situations.

The findings indicate that Capoeira served as a supportive framework, allowing
children to develop social skills in an inclusive and nonjudgmental environment. The
combination of cooperative movement activities, group support, and the absence of com-
petition created a safe space for forming relationships, practicing communication, and
strengthening the sense of social belonging.

5. Conclusions and Recommendations

The findings of the present study underscore the potential and perceived contribution
of Capoeira as an integrated model of physical, behavioral, sensory and social intervention
for children with ASD. Parents reported that Capoeira was perceived to enhance motor
skills, sensory regulation, social skills, ease of transitions, self-confidence, and a sense of
belonging. It offers a unique framework that is non-competitive and instead based on
cooperation and mutual empowerment.

Capoeira was described as providing motor benefits through perceived improve-
ments in coordination, balance, and proprioceptive awareness, and a reduction in motor
clumsiness. In the social domain, Capoeira was reported to provide an inclusive group
environment that enabled the practice of nonverbal communication, social initiative, and
adaptability to changing situations, while reinforcing the children’s sense of belonging and
self-worth.

These findings align with emerging evidence in the research literature, pointing to
a possible link between improvements in motor functioning and gains in cognitive and
social domains among children with ASD. They reinforce the understanding that motor
intervention should not be viewed as an isolated goal but may contribute to broader
functional outcomes. Given this understanding, it is advisable to explore the integration of
Capoeira into educational and therapeutic interventions for children with ASD, especially
within inclusive group settings that promote full participation with peers and in the
broader community.

To enhance the success of inclusion in Capoeira specifically and in leisure activities
more broadly, it is recommended that comprehensive professional training for Capoeira
instructors in the field of Autism be provided, support systems tailored to the individual
needs of each participant developed, and parents involved as active partners in the process.
In addition, future research should examine the long-term effects of the intervention and
identify the specific mechanisms that contribute to its success.
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The findings of the current research suggest that in future studies regarding Capoeira
and children with ASD, valid and objective outcome measures regarding individual goals
(such as the goal attainment scale—GAS), sensory elements (such as the Short Sensory
Profile—SSP), motor elements (such as the Movement Assessment Battery for Children—
Movement ABC) and Autism severity (such as the Childhood Autism Rating Scale—CARS)
should be used.

6. Limitations

The findings of this pilot study are based on interviews with parents of children with
ASD, reflecting their perceptions through self-reporting. The goal of this study was to
explore the full potential of content that may be beneficial for individuals with autism.
However, as a qualitative pilot study, it does not permit causal inferences and given the
small sample size and absence of a control group, its external validity remains limited.
Therefore, it cannot be determined with certainty that the reported changes resulted directly
from participation in Capoeira, as they may also be influenced by other factors, such as the
child’s age, their position on the Autism spectrum, or natural developmental progression.

Additionally, since no objective measures were used, and no comparison was made
with a control group, this study cannot determine whether functional progress occurred
specifically due to Capoeira. Recruitment via Capoeira instructors may also have intro-
duced selection bias, as families with more positive attitudes toward Capoeira or stronger
connections to the instructors may have been more likely to participate. As an exploratory
pilot study, the conclusions should be understood as exploratory, pointing to possible
directions for further investigation. Future quantitative research, including a control group
and precise measurement tools, is essential to assess the actual contribution of Capoeira
to improvements across various domains. Due to these limitations, further quantitative
research is warranted to allow for the control of intervening variables such as those identi-
fied here. The study intends to pursue these directions in future investigations, after the
benefits of capoeira for autism are detailed in this qualitative study.
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Abbreviations

The following abbreviations are used in this manuscript:

ASD Autism Spectrum Disorder
D Typically Developing
SD Standard Deviation
GAS Goal attainment scale
SSP Short Sensory Profile
Movement ABC Movement Assessment Battery for Children
CARS Childhood Autism Rating Scale
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Highlights

What are the main findings?

e  Hydrotherapy intervention improves motor challenges in children and adolescents
with ASD.

e  Hydrotherapy intervention improves communication, independence, as well as other
core issues in children and adolescents with ASD.

What are the implications of the main findings?

e  Hydrotherapy should be considered as a common therapeutic possibility for children
and adolescents with ASD.

Abstract

Background/objective: Despite the fact that almost 87% of children with Autism Spectrum
Disorder (ASD) have physical coordination issues, motor skills are not the primary con-
cern when ASD is diagnosed. An aquatic environment can provide multisensory stimuli
that might assist these children; however, studies related to hydrotherapy with children
with ASD have not yet examined whether this environment has an effect on balance and
coordination. Methods: A control vs. research group examined the effect of a weekly,
three-month hydrotherapy program on the balance and coordination abilities of male
children and adolescents diagnosed with high-functioning ASD. Children (N = 22) between
the ages of 6 and 17 years (mean: 8.4 £ 2.4), participated in this study. Each participant’s
coordination and balance abilities were evaluated using the Movement Assessment Battery
for Children-Second Edition (M-ABC-II). The initial evaluation (test one) was repeated
(test two) after two months to establish improvement prior to intervention. The final evalu-
ation (test three) was conducted at intervention termination. Individual functional goals
were set for each patient using the Goal Attainment Scale (GAS). Results: No improve-
ment was noted within the pre-intervention period (between tests one and two), yet there
was a statistically significant improvement in the M-ABC-II Total Test score (p = 0.0133),
in Manual Dexterity (p = 0.0181), and balance (p = 0.0053) post-intervention, between
tests two and three. The mean GAS score for this study was 52.1, suggesting the achieve-
ment of prespecified functional goals. Conclusions: This study demonstrated a positive
impact of a 12-week hydrotherapy program on balance and coordination and manual dex-
terity among children with ASD. A positive impact was also noted in patients” individual
functional abilities.
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1. Introduction

Autism Spectrum Disorder (ASD) is a complex developmental condition that poses
motor challenges, as well as the better-known social/emotional, speech and nonverbal
communication challenges [1]. The incidence of ASD is constantly rising, with incidence
reported recently by the Centers for Disease Control (CDC) at 1:31 children [2]. Since
the main focus of therapeutic interventions in ASD is on behavioral, emotional, and
communicational issues, scarce research has been conducted to date on the influence
of aquatic treatments on challenges in the motor realm. Furthermore, studies related
to hydrotherapy that have been performed in children diagnosed with ASD have not
examined the effect of hydrotherapy on balance and/or coordination [3-9].

Most children with ASD (86.9%) have physical coordination issues [10]. Despite such
high prevalence, motor skills are not the primary concern when ASD is diagnosed, and
only 31.6% of children with ASD receive physical therapy services [11]. Children and
adults with ASD (aged from 7 to 32 years) have shown poor upper-limb coordination
during visuomotor and manual dexterity tasks, and poor lower-limb coordination during
tasks requiring balance, agility, and speed [12]. Difficulties in motor skills include poor
upper-limb and lower-limb coordination, including bilateral coordination and visuomotor
coordination [12]. Moreover, the literature suggests that there are correlations between the
severity of motor difficulties presented by children with ASD, and the severity of ASD;
therefore, children with poorer motor skills have greater deficits in social communicative
skills [13]. The impact of motor difficulties in childhood may also contribute to reduced
participation with peers during play and sports, and, as a result, may further hamper
social interaction and social development [11,14]. Bhat et al. propose that early motor
delays within the first two years of life may contribute to the social impairments of children
with ASD [12]. These primary and secondary difficulties highlight the need for early,
intensive, appropriate therapeutic intervention for this group of children. Therefore, motor
impairments should be addressed early, with the use of timely assessments and appropriate
and effective interventions [12]. One of the suggested therapeutic approaches for this group
of patients is hydrotherapy.

Hydrotherapy is the use of water in any of its forms (water, ice, steam) for health
promotion or treatment of various diseases. It is one of the naturopathic treatment
modalities used widely in ancient cultures, including India, Egypt, China, as well as
others [3]. Hydrotherapy incorporates exercises (active and passive) performed in wa-
ter and takes advantage of the effects of water on the body (e.g., temperature, density,
buoyancy, hydrostatic pressure).

According to the American Physical Therapy Association [3], hydrotherapy provides
stability to the patient’s body, enhanced ease of movement, enhanced proprioceptive
awareness, and enhanced sensory feedback. Hydrotherapy’s positive effects on the human
body in populations other than ASD were found to include relaxation [15,16], improved
ability to participate in training exercises, high-intensity exercise and greater comfort [17,18],
motor control, and functional mobility and swimming skills [19,20].

An aquatic environment provides stability and uniform sensorial support, allowing
ease of movement and improved body awareness [5,11], which in turn allows an individual
to practice important movement skills with fewer body constraints. Therefore, children
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with movement difficulties may experience more success in attaining movement skills in
an aquatic environment [11].

Studies on children with ASD show increasing evidence that hydrotherapy may be
effective in improving core elements of ASD, such as social interactions, communication
skills, sensory processing, behavior [5,7], as well as aquatic skills [5,8,9], physical fitness [11],
object control, and locomotor skills [6]. Yet, only few of those studies focused on motor
elements such as balance [21], yet most of the recent meta-analysis performed in relation to
motor achievements related to hydrotherapy intervention with children with ASD report
methodological issues and heterogeneity between different studies, enabling but little
scientific rigor regarding out-of-water motor achievements [22,23].

The most reliable assessments [24] and commonly used assessment tools for mo-
tor assessment in children with neurotypical development [25], which also include the
most psychometrically suitable motor assessment tools for children with ASD [26] are:
Movement Assessment Battery for Children—(MABC-2) [24,26], Test of Gross Motor De-
velopment, Second Edition—(TGMD-2) [24,27], Peabody Developmental Motor Scales,
Second Edition—(PDMS-2) [28] and Bruininks—Oseretsky Test of Motor Proficiency, Second
edition—(BOT-2) [29]. All of these scales have been found with good psychometric values
for neurotypical children as well as for children with disabilities [26,29] and have been
previously used in scientific papers assessing motor abilities of children with ASD.

PDMS-2 (aged 0-7 Y) and TGMD-2 (3-10 Y) could not be used as they do not cover the
full age range of possible participants within the current study (6-16 Y). The BOT-2 covers
the age range of participants within the current study but requires 45-60 min to be fully
administered [29], while MABC-2 takes only minutes to be administered [29]. Therefore,
the MABC-2 was selected to be the preferred motor scale in the current study as it covers
the full age range of the participants (6-16 Y) and is the most frequently used by examiners
to test the gross motor performance in children [24].

While current research suggests that hydrotherapy can improve gross motor skills
among children diagnosed with ASD [3-5,7-9], these studies focused mainly on aquatic
skills while mostly ignoring issues related to transfer of aquatic intervention into land
skills, such as balance and coordination. Therefore, we found this topic appropriate for the
current research project.

2. Methods

Ethical approval statements: The study was conducted in accordance with the Dec-
laration of Helsinki. The research was conducted after receiving ethical permission from
the Ariel University IRB (AU-HEA-ML-20231011) on 11 October 2023and authorization
from the Buot hydrotherapy center’s management; all parents and some of the participants
(Diagnosed with high-functioning ASD) signed an informed consent form.

Research goal: Examine the effect of a once weekly three-month hydrotherapy pro-
gram on the balance and coordination abilities of children and adolescents with ASD.

Research hypothesis: A three-month hydrotherapy program will significantly improve
the motor skills of balance and coordination among children and adolescents diagnosed
with ASD.

Methods: This study comprised a control group (children not receiving hydrother-
apy intervention) and the same children served as their own comparison group (study
group), which was identical (same children) to the study group, thereby eliminating clinical
heterogeneity typical of those with ASD as they both were the same individuals, once
measured without the therapeutic intervention (control), and once after receiving the thera-
peutic intervention (study group). The pre-post method, which uses the participants as
their own control group (with and without treatment), is consistent with previous stud-
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ies conducted on this population and accounts for considerable inter-variability between
ASD patients [4,5,7,8,13].

Participants: The study included 22 male participants between the ages of
6 and 17 years (mean, 8.4 & 2.4), who were diagnosed with high-functioning ASD, ac-
cording to the DSM-5 (level 1) or ADOS-II (mild ASD), and ability to understand simple
instructions and comply with these instructions during a hydrotherapy session. (see Table 1
for demographic details and scores.)

Table 1. General data—all participants.

Participant # e SRS Score GAS Goals Initial M-ABC-I Total Score ~  0st-Intervention M-ABC-II
onths Total Score
1 187 122 1 1
2 99 104 454 1 5
3 140 77 59.1 0.5 0.5
4 88 67 50 0.5 1
5 98 63.7 5 37
6 76 53 50 1 2
7 128 113 59.1 0.1 1
8 78 104 31.9 0.1 0.1
9 73 70 64.5 0.5 16
10 118 59 39.1 0.1 0.1
11 72 47 50 0.1 1
12 117 96 68.1 5 9
13 75 70 50 0.5 9
14 73 133 60.9 2 37
15 92 70 42.8 0.1 0.1
16 107 71 50 1 1
17 84 114 54.6 0.1 0.1
18 69 88 454 1 16
19 124 113 59.1 2 9
20 150 72 42.8 0.5 0.1
21 86 89 68.1 0.5 0.5
22 89 96 40.9 2 9
Mean 101.05 85.76 52.17 1.12 7.07
Min-Max (£SD)  189-69 (£59) 133-47 (+43)  68.1-31.9 (+18.1) 5-0.1 (+2.5) 37-0.1 (+18.5)
Index SRS—Social Responsiveness GAS—Goal attainment scaling

Scale 1T
M-ABC-II—Movement Assessment Battery for Children—Second Edition

Inclusion and Exclusion Criteria

Inclusion Criteria: Male children (aged 6-17 years) diagnosed with ASD according
to ADOS or ADI-R, demonstrating full cooperation and presenting an average M-ABC-II
score below the 15th percentile (see extended explanation below), and able to understand
and follow instructions.

Exclusion Criteria: Children who suffer from an additional severe chronic medical
disorder in addition to ASD (e.g., neurological, psychiatric, metabolic, genetic, or orthope-
dic disorder), children with hearing impairments as a result of acquired trauma, children
who take anti-anxiety medications, children in the middle of physical therapy or any type
of intervention meant to improve balance and coordination (including hippotherapy and
hydrotherapy), children who have difficulty cooperating and could not fully cooperate
with the researcher’s instructions, and children presenting fear of water (based on the
Humphries Assessment of Aquatic Readiness [HAAR] measure).

3. Procedure

Recruitment and Baseline Assessments: (presented visually in Figure 1): Only children
officially diagnosed with ASD were recruited to participate in the study. This was per-
formed by advertising on social media platforms, through the social services departments
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in the municipalities of the cities Ashdod and Ashkelon, with the help of colleagues, and
directly through Buot Hydrotherapy Center.

Advertising the study through various
media formats

r

‘ Follow up calls to interested parties ‘

‘ 20 initially assessed by the M-ABC-II

\ 2 did not cooperate

and extracted

‘ 2 month waiting period

|

‘ 24 had second assessment by M-ABC-II and GAS

|

-

1 not interested in GAS goals but was
included based on M-ABC-II results

\.‘

22 received 12 hydrotherapy ‘
sessions

—

B — ‘

2 did not qualify -15"
percentile in the M-ABC-II

21 had final GAS assessment

Figure 1. Flowchart of recruitment and intervention.

After initial contact was made, interested families signed informed consent forms, and
an initial evaluation using the M-ABC-II was chosen to determine a baseline score. All
evaluations were conducted by the researcher (the first author, M.W.) in the offices at Buot
Center. After the initial evaluation, a date was immediately set for the second evaluation
two months later. The time frame of a two-month waiting period, where no intervention
was conducted, was chosen based on the clinical experience of the authors conducting
the study in order to establish a comparison between the control (no treatment) and the
study (with treatment). On completion of the second evaluation, the scores were averaged
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to establish a steady baseline score, percentile rank, and level of function. Participants
were included in the research study if their average score was below the 15th percentile
on M-ABC-II. Personal goals were established, while consulting the participants and their
families, using the Goal Attainment Scale (GAS) after the baseline assessments and before
the commencement of treatment sessions in the water. All evaluations were recorded for
review by an independent and objective professional (an occupational therapist who has
many years of experience implementing the M-ABC-II).

Each participant received a three-month hydrotherapy weekly intervention, as was
performed in previous intervention protocols with children with ASD (4,8,9), with each
therapeutic session lasting 30 min and divided into two equal parts, focusing on the
two specific aspects of the study goals (balance and motor coordination). Minor adaptations
were made to accommodate the individual needs and interests of each participant. In each
therapeutic section, each exercise moved from a lower to a higher difficulty level after the
participant had achieved control over the previous level (see Supplemental Materials—
Therapeutic protocol of the hydrotherapy program).

The treatment was conducted by the Primary Investigator (PI. MW), an experienced
pediatric physical therapist working as a licensed hydro-therapist. Each participant was
exposed to an intervention program designed and constructed by the researchers, based on
physical therapy principles used in the treatment of children in a clinical setting, combined
with the principles of treatment in hydrotherapy to address the goals of the program. The
plan and structure of the hydrotherapy intervention were based on protocols previously
used in hydrotherapy for children with ASD, as well as the experience of the PI, who
specialized in the field of early intervention and pediatric neuromuscular disorders for
27 years and who has been working as a hydro-therapist for the past 10 years, with various
populations, including children with ASD. Hydrotherapy sessions were provided once
weekly for 30 min, including exercises that focused on balance and coordination that
progressed to higher levels of difficulty, depending on how each participant responded. At
the end of the 12 session series, a final evaluation was conducted using the M-ABC-II. The
individual goals achieved were evaluated through the use of the GAS. The final evaluations
were also recorded for review by an independent and objective professional.

4. Outcome Measures
4.1. Movement Assessment Battery for Children

Movement Assessment Battery for Children—Second Edition (M-ABC-II): The M-
ABC-II is a valid and reliable assessment of fine and gross motor skills [30-32] that has
been used in children diagnosed with ASD [14,22]. The M-ABC-II includes eight tasks
within three domains—manual dexterity, ball skills (aiming and catching), and static and
dynamic balance. The strengths of the M-ABC-II include its ability to assess children using
a different combination of fine and gross motor skill items appropriate for three different
age groups within the age range from 3 to 16 years (age bands [AB]): AB1, three-six
years; AB2, 7-10 years; and AB3, 11-16 years [31]. Within studies that use the M-ABC-II,
children vary in age, but they are mainly within AB1 and AB2 [32-36]. The duration of
a full assessment is in the range of 2040 min, depending on the age of the child, the
level of the child’s functioning, the cooperation of the child, and the skill of the examiner.
One study showed high intra- and inter-rater reliability in the M-ABC-II performed in
children in AB 2 [36]. In a study conducted on Thai children, inter-rater reliability was
moderate to good (intra-class correlation coefficient of inter-rater reliability ranged from
0.71 to 1.00) [35]. Each item within the M-ABC-II is assigned a raw score; within each
domain, the raw scores of the items are summed to reach a raw domain score, which is
converted into a standard score and corresponding percentile. The scores for each of the
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three domains are summed into a standardized total score and percentiles. The percentiles
are further classified: <5th percentile is the red zone, indicating significant movement
difficulty; a score between the 5th and 15th percentile is classified as the amber zone,
indicating being at risk of movement difficulty; and a score > 15th percentile is classified as
the green zone, indicating no movement difficulty detected. The M-ABC-II presents high
psychometric values, with test reliability found to be moderate to high [31]. One study
demonstrated low sensitivity (41%) and acceptable specificity (88%) [32], while another
study showed that the M-ABC-II at age 4 years had high sensitivity (79%) and specificity
(93%) for predicting motor impairment at age 8 years [25]. The M-ABC-II has been tested
in numerous populations with various functional disabilities, including ASD [22]. In this
study, which included 30 children with ASD (age 3-16 years; 25 males, 5 females), the
authors concluded that children with ASD would be delayed in fine and gross motor skill
development, compared to their age-matched typically developing peers [31].

In the current study, the PI administered all of the tasks according to the M-ABC-II
manual, including detailed verbal descriptions and demonstrations prior to the participants’
motor skill performances. To reduce the possibility of bias from the PI during M-ABC-II
administration, each exam was recorded and reevaluated by an experienced professional
(an OT working with children with ASD for over 15 years, trained in the use of the M-ABC)
blinded to the time and place of the test within the research timeframe. The mean score of
the PI and professional was used for statistical analysis. The primary focus of the treatment
sessions was to improve balance and coordination; therefore, the score in the category of
Balance was the main focal point, and therefore, the treatment program was designed for
that purpose as well. Secondary analysis included the other domains of the M-ABC-II as
well as the Total Test score.

4.2. Goal Attainment Scaling

Goal attainment scaling (GAS) is a method of scoring the extent to which one achieves
individual goals throughout the intervention [37]. Each patient has their own outcome
measure that is scored in a standardized way to allow for statistical analysis. Traditional
standardized measures include a standard set of tasks/items, each rated on a standard
level. In GAS, goals are individually established to suit the patient (and are therefore
highly appropriate for children with ASD presenting vast clinical heterogeneity), and there-
fore, the levels are individually set around their current (pre-intervention) and expected
(post-intervention) levels of performance. An important feature of GAS is the “a priori”
establishment of criteria for a “successful” outcome in each individual, which is agreed
upon by the patient and family before the intervention starts. Each goal is rated on a
5-point scale, with the degree of attainment captured for each goal area:

If the patient achieves the expected level, this is scored at 0. If they achieve a worse-
than-expected outcome, this is scored at —1 (somewhat worse) or —2 (much worse/no
change from baseline). If they achieve a better-than-expected outcome, this is scored as
+1 (somewhat better) or +2 (much better).

Goals may be weighted (weight = importance x difficulty) to account for the relative
importance of the goal to the participating individual and/or the anticipated difficulty
of achieving the goal. A final score of approximately 50 represents a high-quality GAS
outcome and indicates that functional goals were achieved. A final score below 50 implies
that the set goals may have been too difficult to achieve, while a score over 50 implies that
the goals were too easy to achieve [37].

The set goals followed the SMART principles (i.e., Specific, Measurable, Attainable,
Realistic, and Timely).

129 https://doi.org/10.3390/ children13010094



Children 2026, 13, 94

4.3. Social Responsiveness Scale II—(SRS-2)

The SRS-second edition [38] is a 65-item questionnaire, measuring the severity of
autism spectrum symptoms as they occur in natural social settings. The scale is completed
by parents, and it is appropriate for use with children aged 4-18 years, with higher scores
indicating more autistic symptoms. The SRS forms can also be used when complete in-
formation regarding ASD diagnosis (ADOS; ADI-R) is missing. There are five sub-scales:
social awareness (ability to recognize social cues), social cognition, social/reciprocal com-
munication, social motivation interests, and stereotypy. The sum of all items is calculated
to provide a total score (max of 195). T-scores are interpreted as follows: <59 T, within
normal limits; 60-65 T, mild; 66-75 T, moderate; and >76 T, severe range. Cronbach’s
alpha was 0.97. Global scores are calculated by averaging responses across items, with
higher scores indicating more severe symptoms (max of 6) [39]. SRS-2 has been shown to
be sensitive to changes in social functioning among children with ASD [40]. The scale was
translated to Hebrew and is officially recommended for use with autistic children by the
Ministry of Health [41]. The SRS-II was used at the initial assessment of the participants
in the current research, enabling future research protocols a possibility to compare their
participants’ level of autism with the participants of the current study.

4.4. Eligibility for Aquatic Intervention

This study included a hydrotherapy intervention, which requires a certain level of
comfort in an aquatic environment. Participants and their parents were asked about their
comfort in the water. In the eventuality that participants were not fully acclimated to
an aquatic environment, the Humphries Assessment of Aquatic Readiness (HAAR) was
used to assess eligibility for the hydrotherapeutic intervention. The HAAR, based on the
principles of the Halliwick method, as well as components of popular aquatic assessments,
is an evaluation used to measure one’s capabilities and functional performance in the
water [42]. It takes into consideration the hydrotherapeutic needs and ability levels of
people with various disabilities and is appropriate for use in ASD [9].

5. Statistical Analysis

All analyses were conducted with a significance threshold of o = 0.05. Normality
of the dependent variables was first assessed using the Shapiro-Wilk test. Because the
outcome variables (M-ABC-II domain scores and Total Test score) did not follow a normal
distribution and instead exhibited a distributional pattern Poisson-like distribution (skewed,
variance linked to mean), a repeated measures ANOVA was considered but rejected.

The primary inferential method was therefore Poisson regression with repeated mea-
sures, chosen to accommodate the non-normal distributional characteristics of the data and
the repeated design across three time points (baseline, pre-intervention, post-intervention).
Results are reported as Incidence Rate Ratios (IRR = exp(f3)) with 95% confidence intervals,
which quantify the relative change in performance following intervention.

Inter-rater reliability of the M-ABC-II scoring was evaluated using a Type C Intra-Class
Correlation (ICC), based on a two-way mixed-effects model for consistency (ICC (3,1)). ICC
values were computed from ANOVA mean squares (MSR, MSC, MSE) and are reported
with point estimates and confidence intervals. This analysis served as a methodological
quality check rather than an inferential test of treatment efficacy.

Finally, goal attainment scaling (GAS) scores were calculated according to the accepted
statistical formula (Formula (1)) [37]. A mean GAS score of approximately 50 with a stan-
dard deviation of 10 is considered an indicator of appropriate goal setting and successful
attainment and was used here as a complementary measure of functional improvement.
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6. Results
6.1. M-ABC-II

The calculation regarding the M-ABC-II results refers to Standard Scores as these
provide a measure of how far a participant’s raw score is from the average (mean) score
of a normative population, we also used present results by percentiles, as these indicate
the percentage of a participant in a normative sample and provide an easy-to-understand
measure of a child’s relative standing compared to their peers.

Inter-rater reliability was tested by using ICC when comparing the results of the
percentile ranks of the three domains separately, as well as the total percentile score,
between the scoring of the PI (MW) and the independent observer. The average
ICC (3,1) was 0.968 with a 95% confidence from 0.932 to 1.0 (p < 0.001), suggesting very
high inter-rater reliability for all tests. This value is consistent with previous studies that
were conducted using the M-ABC-II [26,27].

Table 2 presents Poisson regression coefficients for the three evaluated domains (Man-
ual Dexterity, Aiming and Catching, and Balance), each assessed using two scoring formats
(Standard Score and Percentile).

Table 2. Comparison of all MABC-II domains within the study and control groups.

95% Wald Hypothesis 95% Wald
Confidence Exp(B) = OR Confidence
D\elgliggle: ! Score Type Parameter B Interval Test Interval for Exp(B)
Lower Upper Wald X? Sig. Lower Upper
Intercept 1363 1.152 1.575 0.000 3.909 3164  4.829
Standard Stuély Grc;up 0.325 0.047 0.602 0.022 1.384 1049  1.826
ontro 0.067 —0227 0.361 0.653 1.070 0797 1435
Manual Dexterity Group
Evaluation Intercept 1533 1.324 1.742 0.000 4632 3758  5.708
. Study Group  1.269 1.032 1.505 0.000 3.557 2808  4.506
Percentile C ]
G"“t“’ 0.277 —0.003 0.558 0.053 1.319 0997 1746
roup
Intercept 1.705 1.527 1.883 0.000 5.500 4602 6573
Standard Stuéiy Gr(iup —0.008 —0.261 0.244 0.949 0.992 0770 1277
Aiming and G":{‘f:g 0.087 -0.160 0.334 0.489 1.091 0852 139
Catching Intercept 2561 2439 2.683 0.000 12.950 11465  14.627
Evaluation
. Study Group ~ 0.189 0.018 0.360 0.030 1.208 1018 1434
Percentile C ]
ontro 0.091 —0.075 0.258 0.282 1.096 0928  1.294
Group
Intercept 0.841 0.566 1115 0.000 2318 1762 3.050
741 4 1.07 X 2. 1. 2.92
Standard Stuély Gr(iup 0 0.408 075 0.000 098 503 929
G"rr::; 0.243 —0.124 0.609 0.195 1275 0883  1.839
Balance Evaluation Intercept 1.476 1.145 1.807 0.000 4375 3141  6.093
) Study Group ~ 1.418 1.066 1.770 0.000 4.130 2904 5872
Percentile Control
ontro ~0.036 ~0.495 0.424 0.879 0.965 0610  1.528
Group
Intercept 0916 0.652 1.181 0.000 2.500 1919 3256
481 14 817 X 1.61 1.1 22
Standard Stquy (frciup 048 0.145 08 0.005 618 56 65
ontro 0.136 ~0.226 0.497 0.462 1.145 0798  1.645
Total Test Score Group
Evaluation Intercept 0.742 0.314 1.170 0.001 2.100 1369 3221
. Study Group  1.587 1.131 2.043 0.000 4.889 3099  7.713
Percentile ]
%"mm —0.049 ~0615 0.517 0.866 0.952 0541  1.677
roup

In all models, the Baseline category serves as the Reference group and is therefore not
displayed in the table: its regression coefficient is always 0 and its odds ratio (OR = Exp(f3))
is always 1. Accordingly, only the values for the intercept, study group, and control group
are shown.

This means that each (3 and OR reported in the table represents a direct comparison
against the baseline. Positive 3 values and ORs greater than 1 indicate a higher likelihood
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of success relative to the baseline, while negative 3 values and ORs below 1 indicate a
lower likelihood of success relative to the baseline.

Consistently, the study group demonstrates statistically significant advantages across
all domains, whereas the control group shows significantly reduced odds of success.
These findings highlight the overall effectiveness of the intervention in improving motor
performance outcomes

Figure 2 presents a visual representation of the table above.
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0
0
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Control Study Control Study Control Study Control Study Control Study Control Study Control Study Control Study
Group Group Group Group Group Group Group Group Group Group Group Group Group Group Group Group
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v

Percentile Standard Percentile Standard Percentile Standard Percentile Standard
Total Test Score Eval Balance Eval Aiming and Catching Eval Manual Dexterity Eval

Figure 2. M-ABC-II, all fassonian coefficients in comparison to the baseline (no treatment).

Table 3 divides the participants between the three age groups according to the M-ABC-
IT and indicates which subjects improved by moving up a category according to the M-ABC-
II between their baseline average percentile score (pre-intervention) and percentile score of
the third evaluation (post-intervention). These results were not statistically significant and
inconclusive, due to the small subgroups.

Figure 3 shows that a 5/7 children (71%) of the younger age group moved up a
category according to the M-ABC-II, while 7/12 (58%) of the middle age group and only
1/3 (33%) of the older age group children showed the same phenomenon (for better visual
effect, age groups are written in black, improvement rates are in red color).
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Table 3. Age division of all participants.

AB Participant#  Balance Baseline Average Balancle) Sed EYaluation Change in Ifercentile
ercentile Ranking
11 0.1 0.5 No
6 0.5 5 Yes
ABL 18 0.75 37 Yes
(3-6 yrs.) 9 2.5 37 Yes
13 4.55 5 Yes
14 7 63 Yes
8 0.1 0.1 No
10 0.1 0.1 No
12 0.1 5 Yes
15 0.1 0.1 No
17 0.1 0.5 No
16 0.3 2 No
AB2 4 0.5 2 No
(7-10yrs) 21 0.55 1 No
7 2.5 25 Yes
5 3 37 Yes
22 3 25 Yes
19 4.75 9 Yes
2 5 9 No
AB3 3 0.1 0.1 No
(11-16 yrs) 20 0.1 0.1 No
1 2.55 9 Yes
ABI1 AB2 AB3
3-6 years of age 7-10 years of age 11-16 years of age
807 50f7(71%) 20 70f12(58%) 10  10f3(33%)
60- 30 =
2 2 K
E 40 E 20 E g
g 4 g,
@ [ ]
a a o
20 10- 9.
0- 0- 0 +
Baseline Treatment Baseline Treatment Baseline Treatment

Figure 3. Number (%) of participants jumping a percentile, by age group.

6.2. GAS

The GAS score had a normal distribution, with a mean of 52.1 for this study,
which implies improved function with the achievement of pre-established goals
(see Figure 4 each dot in the Figure represents one participating child). Since 1 partic-
ipant was not interested in participating in this part of the study, the average total GAS
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was based on 21 participants. Each point in Figure 4 represents the post-treatment score for
each participant.

Post-treatment GAS Score

T T T 1
(o] 20 40 60 80

Percentile Score

Figure 4. Post-intervention GAS scores.

7. Discussion

This study focused on improving functional and motor abilities in children and
adolescents with ASD and evaluated the impact of 12 weekly hydrotherapy sessions on the
functional, balance, and coordination abilities of children diagnosed with ASD.

The results were based on a group of participants that were measured as their own
comparison group to avoid the clinical diversity presented by all children with ASD. After
a 12-session hydrotherapy intervention, the Total Score of the M-ABC-II improved by 5.8%,
while the Balance and Coordination domain of the M-ABC-II increased significantly by
10.6% from the baseline measurements. Therefore, the main results suggest participants’
improvement during the intervention period, but not during the pre-intervention period.
Upon examining secondary goals and sub-scales of the M-ABC-II, a significant improve-
ment from baseline was also seen in the Manual Dexterity domain, while the Aiming and
Catching domain (which was not a goal of the current intervention) showed no significant
change. The mean GAS score for this study was 52.1, suggesting achievement of planned
individual goals.

7.1. M-ABC-II Scores

The percentile and standard values of the Total Test score demonstrated statistically
significant improvement from baseline, suggesting that a 12-session hydrotherapy inter-
vention program, when performed by a licensed hydro-therapist, can yield functional
improvements for children and adolescents with ASD.

The primary component of interest for this study, the Balance domain of the M-ABC-II,
showed significant improvement from baseline. The importance of such a change is due to
the fact that proper balance and postural control allow a person to participate in sports,
kick a ball, and negotiate stairs [43]. In contrast, poor balance as a result of poor postural
control, leads to a greater risk of falling, which affects the development of advanced motor
skills and reduced participation. Moreover, adequate postural control enables a child to
better manage educational activities and activities of daily living (ADL) [44]. Therefore, the
authors adhere to the assumption that enhancing postural control (indicated by improved
balance) might yield improved results for other functions [45]. A previous single case
report [46] showed that balance and agility improved after a 10-week intervention of
swimming training and water exercise, which is in line with our results. Recent meta-
analysis and RCT evaluating motor improvements (among other areas) due to hydrotherapy
intervention in children with ASD. Most of the improvements presented refer to in-water
improvements (such as factors related to rotation, balance and control, and independent
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movement in water) [22,23], while the current intervention presented carryover from the
hydrotherapy sessions to land improvements in balance and manual dexterity, which is a
novel discovery, supporting previous reports [22,23] and extending the call of previous data
related to the potential of hydrotherapy in improving motor skills of the ASD population.

Battaglia, in a study involving three participants diagnosed with low-functioning
ASD, demonstrated that a 12-week aquatic program yielded improvement in running,
hopping, and horizontal jumps [4]. As our study included 22 high-functioning participants,
the combined results (which require further empirical support) suggest that this type of
intervention might be promising for individuals with ASD at all functional levels.

Among the secondary domains that we scored, the Manual Dexterity domain also
showed significant improvement from baseline. Manual dexterity, as defined by the En-
cyclopedia of Clinical Neuropsychology [47], is the ability to make coordinated hand and
finger movements to grasp and manipulate objects. Functionally, it allows a person to
perform precise movements (executive functions) such as writing, buttoning, and picking
up small items. This skill develops primarily during childhood and can be affected by
neurological disorders. Grip strength, which is considered an objective measure of upper
extremity function, is essential for independence in early childhood functional tasks [48].
The findings suggest that improved manual dexterity can result from a motor-type in-
tervention, such as hydrotherapy extending beyond the scope of the water to on-land
improvements. Manual dexterity is also a function of core muscle stability, with coincides
with the improvement in balance also achieved by the participants in the current study.
These findings are in accordance with previous research [49].

No change was seen in the Aiming and Catching domain of the M-ABC-II. The current
intervention was not aimed toward this goal, and we did not anticipate any change in
this domain. This specific result strengthens our current findings, suggesting that using
hydrotherapy to focus on specific treatment goals can yield positive results within the
planned intervention goals. Previous research has suggested that water exercise programs
can improve both social and aquatic skills in children with ASD [3-5,7-9]. A few of
these studies addressed gross motor skills, but none explicitly measured manual dexterity
or catching/throwing skills. One exception was a study by Battaglia that did not use
hydrotherapy but included an aquatic intervention and demonstrated effectiveness for
enhancing object control and locomotor skills, including tasks such as catching a ball with
a tennis racket, stationary bounce, catching, kicking, and overhand throw [4].

7.2. GAS Scores

Scientific, valid, and reliable evaluation tools such as the M-ABC-II assess functions in
specific areas and, therefore, reflect a child’s ability and achievements on a specific set of
skills. However, they do not necessarily acknowledge the individuality of children with
ASD, nor do they reflect the functional ability of the child within daily activities, thereby
limiting assessment to the domains covered by the scale chosen by the researcher. Due to
the individual clinical variability of children with ASD, a more individualized evaluation
and approach that focuses on specific, individually tailored functional skills is warranted.
The point of view of prioritizing personal variability among research participants has
been promoted by the World Health Organization (WHO) with the presentation of the
International Classification of Functioning (ICF) [50]. To address this issue, we used the
GAS as a standardized test to establish individual functional goals for each participant,
which were selected as important to each participant and/or their family [37]. Since the
focus of this study was balance and coordination, the individual and functional goals
were related. The functional goals established in cooperation with the children and their
families revolved around playing sports, which included running, jumping, kicking, and/or
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hopping with the goal of improving the ability to play football, as well as running faster
without falling. The average final GAS score was 52.1, and all but one child achieved their
goals. The GAS has been used in prior studies related to hydrotherapy and other land-
based exercise programs, specifically with children with Intellectual and Developmental
Disability [51,52] and was suggested by others to be used as a measurement tool when
assessing research outcomes with participants with ASD [53] in numerous situations;
therefore, the current findings support the use of GAS within the ASD population and
support its use in future intervention projects and within active therapeutic interventions
in hydrotherapy and physical therapy [54,55].

7.3. Association Between Improvement and Patient Age

M-ABC-II scores can be quantified by the number of participants who moved up in
percentile ranking categories, as well as the ages at which they did so. In the category of
Balance, 11 children (50%) had improvements in the percentile ranking category. Five of
seven children (71%) in the youngest age group AB1 (aged 3-6y), five of twelve children
(42%) in at age group AB2 (aged 7-10 y), while only one of three (33%) children in category
AB3 (aged 11-16 y) moved up a category. These findings indicate that the youngest
participants (<6) gained more from the intervention program than older participants.
Despite these findings, our results were statistically inconclusive, probably as a result of
a small group of participants within the AB3 group. Despite these inconclusive findings,
previous evidence suggests that acquiring gross motor skills at the appropriate young
age creates a solid foundation for further growth and can result in the development of
more advanced milestones [56]. The current findings, in accordance with many previously
reported intervention programs with children with ASD, suggest that early intervention
is crucial for children with ASD, as it improves their overall prognosis [12,31,57]. Review
articles published after the termination of the current study are also in alliance with the
findings presented by the current study [58,59]

7.4. Additional Improvements as a Result of Hydrotherapy Intervention

Of note, while the hydrotherapy intervention was designed to improve Balance and
Coordination, there was a significant improvement in the Manual Dexterity domain, but
not in Aiming and Catching. A potential explanation for this could be that improved
postural control reduces the need for participants to manage postural stability, thereby
enabling them to direct their focus toward manual dexterity tasks [39,40,60], with a stable
body acting as a proper base for limb-accurate activity. Alternatively, it is possible that
with a longer hydrotherapy intervention, the Aiming and Catching domain would also
have improved.

7.5. Qualitative Observation

The use of hydrotherapy as an intervention tool may result in improvements in other
areas of function. Anecdotally, in recorded individual summation conversations, parents
reported seeing improvement in other areas not directly connected with the direct goals of
the current research. These improvements included general behavior, success at school,
improved ability of participants to communicatively express themselves, improved ability
to fall asleep at night, and an increased sense of independence, which was demonstrated
by using public transportation independently for the first time. Numerous families re-
ported improved self-confidence in social situations, including but not limited to initiating
conversation and by the participants expressing their desires more coherently. Progress
was also noted in school, specifically in terms of increased participation in class and better
communication with the teacher. The oldest participant in the study acknowledged his
difficulties with changes to his daily schedule and commented that now he feels he can
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“contain the fire”, while his mother said he is more flexible in his thinking and his ability to
adapt to change. In addition, while he had difficulty getting out of bed in the morning, he
is now able to get up immediately after he wakes up.

These anecdotal findings are supported by results from Mills et al. [61] as well as
by recent meta-analysis and RCT’s [22,23], who demonstrated that children with ASD
may benefit from a hydrotherapy program to improve their anxiousness and challenging
behaviors, as well as reduce ill thoughts and overcome attentional difficulties. Other
studies also acknowledged improvements in core ASD issues, such as social interactions
and behaviors [7,9] as well as significantly decreased autistic behaviour in children with
ASD [23] due to motor-type interventions including hydrotherapy [23,24].

7.6. Clinical Implications

The use of the M-ABC-II as a measuring tool was useful and is feasible as a measure-
ment scale appropriate for measuring progress during a hydrotherapy intervention. This
assumption coincides with previous suggestions by researchers exploring the field of ASD
and motor-type interventions [31]. Due to the clinical versatility of individuals with ASD,
we advise the use of the GAS when performing future hydrotherapy interventions for
children and adolescents with ASD. The use of GAS allows assessment of the attainment of
specific and personalized functional goals. The results of this study suggest that younger
children (<6 years) experience greater improvements than older children. Despite their
non-conclusiveness, these findings support the advancement of early motor-based inter-
vention for children with ASD, in accordance with previous studies [12,31,56,57]. While
the intervention itself was tailored to each individual participant, the hydrotherapeutic
pool was occupied by other therapeutic sessions occurring concurrently. In some situations,
there were up to 16 people (therapists and clients) working in parallel to the sessions of the
study. This type of setting was found to disturb some of the participants and prevented
them from fully cooperating, thereby preventing them from achieving their full potential.
This suggests that children with ASD would gain more from an intervention in a more
secluded therapeutic setting, as has been previously suggested [56]. The current results
suggest that high-functioning children with ASD are inclined to achieve good results when
introduced to a hydrotherapy program. Our clinical experience during the course of the
current project suggests the need to construct favorable conditions for clients with ASD
when involved in a therapeutic setting. For example, using a more secluded therapeutic
environment (fewer surrounding interferences), an intensive intervention program (more
therapeutic sessions per week), and a longer intervention period (more than 12 sessions).
An important element that allowed this study to be successful was the relationship with
the PI and the rapport built with the child and his family. Cooperation and trust between
therapist and client are the cornerstones that encourage progress, especially with this
population of children with ASD [62].

7.7. Limitations

Due to the clinical heterogeneity of children with autism, the authors found it inappro-
priate to select a different group of children (presenting a completely different picture of
ASD despite having the same diagnosis) to serve as a control. Therefore, the same children
were used as a control group (pre-intervention) and as a study group (with intervention).

While this study included a relatively larger number of participants than previous
studies of hydrotherapy in ASD, a larger sample would allow us to draw better conclusions
and more easily generalize them to the ASD population.

A more homogenous age group might yield more consistent results from which we
can draw better conclusions, yet with less ability to generalize to the whole ASD spectrum.
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While all participants were at the same diagnosed level of ASD, their individual
conduct and ability to focus were important factors that affected their experience of the
intervention. Cooperation could enhance or impede any treatment program, including
hydrotherapy sessions.

Due to the specific nature of the hydrotherapy center (which serves ultra-orthodox
clients, as well as the general population, the hours in the center are divided between
the two genders, both therapists and clients). As the therapist was male, all the clients
recruited for the current research had to be males as well. Therefore, the results of the
current research’s findings can only be generalized to children and adolescents males with
the diagnosis of ASD.

The exclusion of non-cooperating children narrowed the research population to in-
clude only high-functioning participants. Future research should also examine the results
of a similar intervention program regarding less cooperating, low functioning, children
with ASD.

8. Conclusions

The results of the current study demonstrated a positive impact of a 12-week hy-
drotherapy program; therefore, this type of intervention is suitable and recommended
for this group of clients (high-functioning male children and adolescents with ASD). We
recommend further studies on this topic should compare the interventions of hydrother-
apy to other physical-motor type interventions, while also implementing hydrotherapy
interventions with longer intervention period, with a larger sample population, including
low-functioning children with ASD as well as females with the same diagnosis. As the
incidence of ASD is constantly increasing worldwide, the necessity for continued research
and intervention involving this group of clients is ever more important.
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Abstract: Background /Objectives: Skill-related physical fitness is a crucial factor influenc-
ing health status during childhood. Starting from the lack of knowledge in the field of skill-
related physical fitness and levels of physical activity in Southern Italy, this cross-sectional
study aims to explore the mediating and moderating influence of PAL on the association
between BMI and skill-related physical fitness. Methods: The sample (N = 387 students;
male = 196, age = 12.2 £ 0.87 yrs; female = 191, age = 12.3 & 0.93) was recruited from
schools in the Apulia Region. The assessment included standing long jump (SLJ), 2 kg
medicine ball throw (MBT) and 10 x 5 shuttle run (10 x 5) as indicators of physical fit-
ness, and a self-report for measuring daily physical activity (PAL). A 2 (gender) x 3 (BMI
cutoff)-factorial ANOVA was performed to highlight differences between groups for physi-
cal fitness components and PAL. Then, mediation and moderation models were created,
establishing BMI as the independent variable, physical fitness tests as dependent vari-
ables, and PAL as the mediator and moderator variable. Results: The findings showed
higher physical fitness and PAL in male and female normal-weight groups than in those
who were overweight and obese. Mediation analysis revealed that higher PAL improved
performance in SLJ (b = 0.091, p < 0.01, R? = 17.16%), led to a modest understanding of
the variation in MBT (AR? = 0.026), and significantly reduced the time spent to perform
10 x 5 (p < 0.0, R? = 10.72%). Conclusions: Despite the obtained results, future research is
needed to further understand the association between physical fitness and the sociocultural
determinants of physical activity to guide institutional policies and interventions to prevent
poor health habits.

Keywords: regional observatory of motor assessment; physical fitness; obesity; sedentary
behavior; daily physical activity

1. Introduction

The advantages of physical activity and healthy lifestyles during the lifespan have
been widely documented in international public health research [1,2]. The enhanced
functioning of the cardiovascular, respiratory, and immune systems [3] and improved brain
development and synaptogenesis [4,5], muscle and bone health, body weight management,
and metabolism [6,7] are among the main benefits. Additionally, active lifestyles and
healthy behaviors throughout life best contribute to a significant decrease in the risk of
cardiovascular and metabolic diseases, and type-2 diabetes [8]. Moreover, they also lower
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the risk of several types of cancer (e.g., colon, stomach, lung, bladder, etc.) [9], as well as
the onset of anxiety, stress, and depression [10].

However, despite the WHO guidelines [11] recommending that children and adoles-
cents should be engaged in at least 60 min of moderate to vigorous daily physical activity
(MVPA), recent studies indicate that boys and girls between 11 and 17 years old do not
engage in sufficient physical activity daily [12,13]. The increasing adoption of sedentary
lifestyles and sitting activities is among the main reasons for what has been termed as one
of the major public health issues of the 21st century [12-15].

Epidemiological data are even more worrying when considered in view of the effects
of the recent COVID-19 pandemic. The restrictions implemented during quarantine have
resulted in an even greater reduction in opportunities for physical activity [16-18] and the
rise in psychological diseases (e.g., anxiety, depression, and eating disorders, etc.) among
young people [19,20]. These negative trends, besides being significant for the rise in the
percentage of overweight and obesity in children and adolescents, are among the main
determinants of the decline in levels of physical activity as well as motor skill development
and coordination [21].

This negative trend results in restricted opportunities for the development of physical
fitness, defined as a positive state of well-being influenced by regular physical activity,
genetic makeup, and nutritional adequacy, which includes aerobic endurance, muscular
strength, muscular endurance, joint flexibility, and body composition [22,23]. Addition-
ally, physical fitness is categorized into two main components: health-related physical
fitness, which encompasses muscular strength and endurance, cardiovascular endurance,
flexibility, and body composition, and skill-related physical fitness, which includes agility,
coordination, power, speed, and balance [22-25].

During the last few decades, the association between physical fitness and health
effects has emerged in international scientific debate, alongside attitudes and changes
toward physical activity, becoming a significant indicator of health status from childhood
to adolescence [26,27]. Thus, the global decline in physical fitness and rising pandemic
of overweight and obesity can be interpreted in the light of unhealthy habits and poor
lifestyles defined as activities with an energy expenditure of 1.5 METs (metabolic equivalent
tasks) or lower (e.g., increased screen time, addiction to smartphones and social media,
unbalanced diet, increased automobile travel, sitting time, etc.) [11], which are significant
predictors of sedentary behavior and poor health in adulthood [28,29]. Despite the fact that
higher fitness and levels of physical activity (PALs) lead to the minimization of negative
consequences associated with high body mass index and contribute to positive effects on
health [30], recent international monitoring and surveillance of physical activity reported
that approximately 32% to 8-9-year-old Italian children achieved the sufficient physical
activity levels recommended by the WHO [11]. These epidemiological data highlight the
concerning and alarming reduction in the percentage of children who are physically active:
in the eleven-year-old age group, only 11.9% engaged in sufficient daily physical activity,
while among thirteen- and fifteen-year-olds, the percentages are approximately 9.3% and
6.8%, respectively [31]. Cross-sectional research studies carried out on Italian children
suggest that reduced daily physical activity and higher BMI have a negative impact on
children’s physical fitness and overall health status [32,33].

Moreover, recent findings showed an international and widespread inverse dose—
response association between the improvement of cardiorespiratory fitness and all causes
of mortality, including cardiovascular disease and cancer, independent of gender, age, and
race [34,35]. A study conducted on 378 Portuguese children aged 9-11 years highlighted
the important role of muscle strength in attenuating the effects of physical inactivity on
metabolic risk: children classified as inactive but stronger had lower metabolic risk than
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inactive and “low-strength” peers [36]. In fact, lower levels of physical activity and physical
fitness are associated with overweight and obesity, as an expression of reduced levels of
motor skill development. Moreover, findings revealed that this unhealthy association is
stronger in boys than in girls [37-39].

Despite this well-known association between health-related physical fitness and PAL,
there is a lack of knowledge in the field of skill-related physical fitness and PAL in children
in Southern Italy.

The literature analysis posed the following research questions:

(R1) Do skill-related physical fitness and PAL differ according to gender and BMI
cutoffs in Italian children?

(R2) Does PAL mediate and moderate the relationship between BMI and skill-related
physical fitness components? Which components of physical fitness can be best influenced
by PAL?

To test the hypothesis that BMI may contribute to explaining variance in physical
fitness, and that this association could be indirect via PAL, mediation models were created.
Furthermore, moderation models were developed to determine whether the association
between BMI and physical fitness was dependent on PAL.

2. Materials and Methods
2.1. Participants

This study was supported by the University of Salento (Lecce, Apulia). The study
population was composed of Italian secondary schoolchildren, with no disabilities or
mental/physical impairments or disorders. Participants were recruited from schools that
joined the ROMA Project (Regional Observatory of Motor Assessment) in the Apulia
Region of Southern Italy. The sampling strategy was based on the choice of the authors to
control for specific variables that could add significant confounding factors to the study, as
highlighted in international literature on the topic [40,41]

Before starting this study, a priori power calculations were conducted with G*Power [42,43]
to identify the minimum number of participants required to achieve sufficient power
(o = 0.05; expected power = 0.95). This study utilized a cross-sectional design. A multistage
sampling procedure was applied to recruit participants (N = 400 students; male = 200,
female = 200) from six Apulian provinces (Foggia, BAT, Bari, Lecce, Brindisi, and Taranto)
to enhance the representativeness in the Apulia target population. However, the total
sample consisted of 387 children aged 11-14 years (male = 196; female = 191), as 13 children
did not attend all assessment procedures. The Committee established by the University
of Salento regarding data collection on humans concerns psychological-medical research.
All other types of research do not include an Ethics Committee. Informed consent was
obtained from all children involved in the project before data collection.

2.2. Assessment Procedure

After recording weight and height, participants were classified as normal weight,
overweight, or obese according to Cole’s Scale [44]. For the physical fitness assessment,
lower- and upper-limb muscular strength were evaluated with standing long jump (SLJ)
and 2 Kg medicine ball throw (MBT) tests, respectively [45,46], while speed and agility
were assessed through the 10 x 5 m shuttle run test [47]. These physical fitness tests
are reliable and field-based assessments for evaluating lower- and upper-limb explosive
strength, and speed-agility [48], for skill-related fitness assessment as in previous studies
in the Apulia Region [49]. Furthermore, data on these components of physical fitness are
indirectly linked with middle-to-low motor development during adolescence [45].
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Additionally, children were asked to complete the Italian version of the Physical
Activity Questionnaire for Older Children [50-54] to evaluate self-reported daily physical
activity practice over the last week. Physical education teachers in the Apulia Region and
graduates in Sports Sciences were initially recruited in the ROMA Project and trained on
the assessment procedure. Subsequently, they conducted the evaluations from October to
December 2023. Assessments were carried out only in the schools that participated in the
ROMA Project during curricular physical education lessons.

2.3. Statistical Analysis

After testing normality with the Kolmogorov-Smirnov test (sample size > 50), de-
scriptive statistics for all anthropometric data, physical fitness tests, and levels of physical
activity were conducted out in terms of mean, standard deviation, minimum, and max-
imum. Furthermore, a 2 (gender) x 3 (BMI cutoff)-factorial ANOVA was performed to
highlight differences between groups for physical fitness components and levels of phys-
ical activity. Levene’s test was used to assess the equality of variance assumption. Both
the main effect and interaction effect of gender (male/female) and BMI cutoff (normal
weight/overweight/obese) on physical fitness tests and levels of physical activity were
carried out. Since group sizes were unequal, Gabriel’s procedure was applied to conduct
post hoc analysis. Moreover, partial eta squared (np2) and Cohen’s d were calculated as
measures of effect size as follows: np2 = 0.01 (small effect); np2 = 0.06 (small effect), and
np2 = 0.14 (large effect); Cohen’s d = 0.2 for small effect, Cohen’s d = 0.5 for medium effect,
and Cohen’s d = 0.8 for large effect [55]

Then, Pearson’s r coefficient was used to highlight significant relationships between
variables; the results were interpreted as follows: small correlation < 0.30; 0.30 < medium
correlation < 0.50; and large correlation > 0.50.

After verifying the relationship between variables, the mediation analysis was applied
to assess if physical activity levels (mediation variable) mediate the relationship between
BMI, as the independent variable, and physical fitness tests as the dependent variable. The
analysis was conducted according to the Preacher and Hayes methods [56]. Results were
interpreted as follows: mediation was defined as partial if the indirect effect was significant,
while it was defined as total if the indirect effect was non-significant. Significance was
verified with the Bootstrapping method of Preacher and Hayes [55,56].

Moreover, according to Hayes (2018), the moderation analysis was carried out to study
the interaction effect between BMI and PAL to explain the direction or magnitude of the
relationship between BMI and physical fitness components, after adding the moderation
variable [57]. All significant indices were set at p-value < 0.05. SPSS software vers. 26.0 for
Windows and the PROCESS macro for SPSS were used for data analysis.

3. Results

The results of descriptive statistics have been reported in Table 1 according to gender
and BMI cutoff. Due to missing values (male = 4, female = 9) in anthropometric characteris-
tics and the physical fitness assessment, the final sample consists of 387 children. The main
results of the descriptive analysis reveal better physical fitness indicators and PAL for both
male and female normal-weight groups compared to overweight and obese ones.
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Table 1. Sample’s anthropometric profile.

Male n = 196
Nw =114 Ow =58 Ob =24
M+ SD Min-Max M+ SD Min-Max M + SD Min-Max
Age 12.27 + 0.87 11-14 12.05 + 0.85 11-14 12.04 +0.95 11-14
Height (m) 1.53 +0.09 1.29-1.79 1.57 £ 0.08 1.40-1.77 1.57 £ 0.96 1.38-1.78
Weight (Kg) 43.58 £ 8.93 24.00-71.80 57.38 £7.48 44.00-71.00 71.00 £9.42 54.00-92.00
BMI (kg/mZ) 18.17 £ 2.01 13.47-21.86 22.98 +£1.39 20.50-26.10 28.40 +2.35 25.22-35.41
SLJ (m) 1.56 = 0.25 0.70-2.17 1.38 = 0.22 1.00-2.20 1.30 £ 0.28 0.87-1.90
MBT Kg2 (m) 493 +£1.16 2.50-8.24 514 +1.18 3.35-8.13 516 +£1.24 2.90-8.10
10 x 5(s) 18.52 + 3.57 11.32-26.68 20.16 £+ 3.83 13.83-32.73 21.29 £ 3.80 13.73-26.39
PAL 291+£0.75 1.16-4.37 2.62 £0.78 1.39-4.58 2.05+ 041 1.57-2.85
Female n =191
Nw =126 Ow =53 Ob =12
M+ SD Min-Max M+ SD Min-Max M+ SD Min-Max
Age 12.37 £+ 0.96 11-14 12.23 £ 0.82 11-14 1217 £1.19 11-14
Height (m) 1.53 +0.08 1.28-1.77 1.55 +=0.08 1.31-1.73 1.59 £+ 0.04 1.52-1.67
Weight (Kg) 44.20 £ 8.37 25.00-65.20 57.98 £ 8.60 40.00-76.90 73.67 £ 5.67 65.00-85.00
BMI (kg/mz) 18.46 +2.21 13.14-22.70 23.87 £ 1.60 20.77-27.34 29.13 +2.40 25.65-35.84
SLJ (m) 132 £0.21 0.67-2.05 1.21 £0.17 0.80-1.51 1.11 £ 0.19 0.86-1.55
MBT Kg2 (m) 413 £0.91 2.30-7.20 4.47 £+ 0.86 2.75-7.00 530 £ 145 3.20-8.40
10 x 5(s) 20.48 +4.01 12.82-31.50 22.54 £ 4.17 14.78-32.84 26.22 +2.64 19.18-29.39
PAL 247 £0.74 1.00-4.57 2.26 £ 0.61 1.32-4.14 2.35 + 0.64 1.43-3.24
Moreover, the F value for gender has a significant main effect on SLJ (F = 38.604,
p <0.01), MBT (F = 8.525, p < 0.01), and 10 x 5 (F = 32.736, p < 0.01), but not on PAL, while
BMI cutoff significantly affects SLJ (F = 24.824, p < 0,01), MBT (F =7.363, p < 0.01), 10 x 5
(F=22234,p <0.01), and PAL (F = 8.229, p < 0.01), as can be seen in Table 2. No significant
interaction effects between factors were found, except for PAL (F = 3.452, p < 0.01).
Table 2. Effect of gender and BMI cutoff on physical fitness and PAL.
Gender CutOff Gender x Cutoff
df F p n? df F p n? df F 4 n?
SLJ 1 38.604 <0.01 0.082 2 24.824 <0.01 0.105 2 1.058 0.348 0.004
MBT 1 8.525 <0.01 0.021 2 7.363 <0.01 0.036 2 2.761 0.065 0.013
10 x 5 1 32.736 <0.01 0.071 2 22.234 <0.01 0.096 2 2.101 0.124 0.009
PAL 1 2.251 0.113 0.008 2 8.229 <0.01 0.050 2 3.452 <0.01 0.021
Since the main effects of gender and cutoff are almost all significant, post hoc analysis
was performed to determine the simple effects of each variable (see Table 3).
Table 3. Post hoc analysis.
Gender Groups
SLJ Female < male; p < 0.01; d = 0.824 Nw > Ow; p <0.01;d = 0.530
Nw >Ob; p<0.01;d=0.774
Ow > Ob; p = 0.130; d = 0.244
MBT Female < male; p < 0.01; d = 0.622 Nw < Ow; p =0.064; d = 0.277
Nw < Ob; p <0.01; d = 0.620
Ow < Ob; p =0.118; d = 0.343
10 x 5 Female > male; p < 0.01; d = 0.512 Nw < Ow; p <0.01;d = 0.436
Nw <Ob; p<0.01;d =0.843
Ow < Ob; p <0.01; d = 0.407
PAL Female < male; p = 0.113; d = 0.428 Nw > Ow; p < 0.05; d = 0.302
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Table 3. Cont.

Gender Groups

Nw > Ob; p < 0.01; d = 0.720
Ow > Ob; p = 0.238; d = 0.418

Male Female
P np2 Groups F P np? Groups

SLJ 16.771 <0.01 0.148 Nw > Ow <0.01 9.150 <0.01 0.089 Nw > Ow <0.01
Nw > Ob <0.01 Nw > Ob <0.01

Ow > Ob 0.380 Ow > Ob 0.299

MBT 0.786 0.457 0.008 Nw < Ow 0.520 9.827 <0.01 0.095 Nw < Ow 0.067
Nw < Ob 0.665 Nw < Ob <0.01

Ow < Ob 0.997 Ow < Ob 0.017

10 x 5 7.682 <0.01 0.074 Nw < Ow 0.017 14.231 <0.01 0.131 Nw < Ow <0.01
Nw < Ob <0.01 Nw < Ob <0.01

Ow < Ob 0.417 Ow < Ob 0.012

PAL 11.850 <0.01 0.129 Nw > Ow 0.069 1.456 0.236 0.019 Nw > Ow 0.214
Nw > Ob <0.01 Nw > Ob 0.837

Ow > Ob <0.01 Ow < Ob 0.917

The results highlighted that boys performed significantly better in all physical fitness
tests and were more physically active than girls. Moreover, Nw showed overall significantly
higher physical fitness and PAL compared to Ow and Ob in all tests, except for MBT.

In the male sample, ANOVA analysis revealed significant differences in SLJ (F = 16.771,
p < 0.01; np? = 0.148) and PAL (F = 11.850, p < 0.01; np? = 0.129) with large effect sizes
according to BMI cutoff. A significant effect was also reported for 10 x 5 (F =7.682, p < 0.01)
with a medium effect size (np? = 0.074). In females, BMI cutoff significantly influenced
SLJ (F=9.150, p < 0.01; np? = 0.089), MBT (F = 9.827, p < 0.01; np? = 0.095), and 10 x 5
(F =14.231, p < 0.01; np? = 0.131). No significant differences were highlighted for MBT in
males and PAL in females.

The correlation matrix between BMI and other variables is reported in Table 4. The
results show an inverse significant association between BMI, SLJ (r = —0.257, p < 0.01), and
PAL (r = —0.228, p < 0.01). At the same time, increasing BMI increases motor performance
in MBT (r = 0.289, p < 0.01) and the time required to perform 10 x 5 (r = 0.224, p < 0.01).
Subsequently, the mediation analysis was performed based on the correlation matrix.

Table 4. Correlation between variables.

SLJ MBT 10 x 5 PAL
BMI —0.257 ** 0.289 ** 0.224 ** —0.228 **
SLJ / 0.429 ** —0.356 ** 0.334 **
MBT / / —0.090 0.089
10 x 5 / / / —0.233 **

H=p <001,

Table 5 provides a synthetic description of the three mediation models created. All
models assume BMI as the IV, PAL as the MV, and physical fitness tests (SLJ, MBT, and
10 x 5) as DVs. Since all indirect effects were significant, PAL is a partial mediator between
variables. In the first model (IV = SLJ), BMI is inversely associated with SL]J (c = —0.019,
p <0.01), explaining about 10% of the total variance of SL]J (R% = 9.92%). Moreover, an
increase in PAL (Figure 1) results in better performance in SLJ (b = 0.091, p < 0.01) with
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higher variance across lower-limb strength (R? = 17.16%). The same applies to Model 2
(Figure 2), where MBT is the IV: higher BMI improves motor performance in MBT (c = 0.087,
p <0.01), and higher self-reported PA enhances results in MBT (b = 0.250, p < 0.01). However,
the addition of the mediation variable allowed for a slight understanding of the variation in
upper-limb strength (AR? = 0.0262). The third mediation model (Figure 3) assumes 10 x 5 as
the IV. BMI negatively affects the 10 x 5 shuttle run (c = 0.248, p < 0.01), while children who
are more physically active demonstrate a significant reduction in time spent performing
the test (b = —0.837, p < 0.01), explaining more than 10.72% of the total variance.

Table 5. Analysis of indirect effect of Models 1, 2, and 3.

Direct Effect Indirect Effect
Bootstrap Bootstrap »
R?  Value LLCI  ULCI p R% Value  LLCI  ULCI p AR
Model 1 0.099 —0.016  —0.026 —0.013 <0.01 0.171 —0.003 —0.006 —0.002 <0.01 0.0724
Model 2 0.091 0.098 0.057 0.117 <0.01 0.117 —0.011 —0.206 —0.004 <0.01 0.0262
Model 3 0.076 0.211 0.153 0.342 <0.01 0.107 0.037 0.013 0.068 <0.01 0.0303

LLCI = lower limit of confidence interval; ULCI = upper limit of confidence interval.
c=~0.019; p< 0.01
SL]
¢=-0.016; p< 0.01
a=~0.013;p< 0.0 X

R?=9.92% :R%=17.16%

b=0.091;p<0.01

N

Figure 1. Representation of Mediation Model 1.
¢=0.087;p<0.01
BMI — MBT
¢’=0.098;p< 0.01
a=~0.043;p< 0.01 b=0.250;p< 0.01

~ @@

R2=9.14% :R2= 11.76%

Figure 2. Representation of Mediation Model 2.
c=0.248; p< 0.01
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Figure 3. Representation of Mediation Model 3.
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In Figures 1-3, ¢ = total effect of independent variable on dependent variable;
¢’ = direct effect of independent variable on dependent variable adjusted per media-
tion variable; a = effect of independent variable on mediation variable; b = effect of
mediation variable on dependent variable controlled per independent variable; a x b =
indirect effects of independent variable on mediation variable, and mediation variable on
dependent variable.

The moderation analysis according to Preacher and Hayes” method is reported
in Table 6. Despite the interaction term between BMI and PAL accounting for a cer-
tain proportion of the children’s physical fitness components (R2 Model 1 = 16.94%;
R2 Model 2 = 12.84% and R2 Model 3 = 10.64%), these results are non-significant. In-
teraction plots (Figures 4 and 5 show an enhancing effect whereby, as PAL increased and
BMI decreased, lower-limb strength and agility improved. In contrast, both the increase
in BMI and PAL led to better performance in MBT (Figure 6). All results, even if non-
significant, confirm that an increase in PAL contributes to enhancing each component of
physical fitness.

Table 6. Moderation analysis and interaction effect between BMI and PAL (INT) in Models 1, 2, and

3.
Moderation Analysis
Bootstrap
Value LLCI ULCI p R2
Model 1 BMI —0.023 —0.048 0.0023 0.074 16.94
PAL 0.032 —0.169 0.2347 0.752
INT 0.003 —0.007 0.0127 0.568
Model 2 BMI 0.017 —0.100 0.1355 0.770 12.84
PAL —0.389 —1.339 0.561 0.421
INT 0.033 —0.013 0.079 0.161
Model 3 BMI 0.146 —0.226 0.517 0.441 10.64
PAL —1.374 —4.364 1.617 0.367
INT 0.027 —0.119 0.0173 0.719
StandingLong Jump
1.6
------- ey
I E——— e -———— T —
!-___ _______ — !——
1.2
E 1
w
£ 08
=
A 06
04
02
0
Low PAL Avarage PAL High PAL
— 8 = LowBMI —+# = Avarage BMI High BMI

Figure 4. Moderation Model 1.
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Figure 6. Moderation Model 2.

4. Discussion

The present study provides (R1) an analysis of physical fitness components and
levels of physical activity in secondary schoolchildren according to gender and BMI cutoff.
Results highlight that lower BMI is positively associated with higher lower-limb explosive
strength, aerobic endurance, and levels of physical activity in both boys and girls, while
upper-limb strength is directly associated with an increase in BMI. However, the findings
reveal significant simple main effects for all variables according to BMI cutoff and gender
(except for PAL), and a significant interaction effect for PAL.

The results of the present study are consistent with other studies conducted in Apulia
as part of the ROMA Project, whose main findings revealed that increased BMI is negatively
associated with motor performance [49,58].

Recent findings in the same field revealed that obese children showed better motor
performance and explosive power compared to normal-weight children, while lower body
weight was negatively associated with musculoskeletal strength [32]. As demonstrated in
the present research, the study by Tsolakis et al. [26] highlighted that BMI was positively
associated with upper-limb strength (assessed via the Hand Grip test), and negatively
associated with cardiorespiratory fitness, lower-limb explosive strength, and trunk muscle
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endurance. Furthermore, sedentary lifestyles and reduced levels of physical activity led
to an increase in overweight and obesity and a reduction in performance indicators of
physical fitness components [59,60].

The second research question (R2) concerns the analysis of the mediating and moder-
ating role of PAL between BMI and the development of physical fitness. In fact, although
scientific evidence agrees that there is a negative association between BMI and physical
fitness, the nature of this association remains to be clarified when considering the mediating
and/or moderating effects of daily physical activity practice.

The results highlighted that PAL partially mediates the association between BMI and
skill-related physical fitness. Data analyses revealed an inverse association between BMI,
SLJ, and 10 x 5 and a positive correlation between BMI and MBT, but these models are
mediated by daily practice of physical activity.

The findings in this paper are similar to those obtained in a previous study conducted
in Apulia, but in just a single province: the results showed, in fact, a total mediating effect
between BMI and the different components of physical fitness [49].

Findings in the literature confirm that higher levels of physical activity and physical
fitness levels lead to a possible reduction in genetic predisposition to being overweight
or obese during adulthood [61]. Moreover, studies reveal that structured physical activity
interventions can improve body composition in children with overweight or obesity, re-
gardless of age [62]. According to Wisnieski et al. [63], the development of aerobic capacity
and the functionality of the cardiovascular system is a mediating factor between MVPA and
body mass index (BMI). Furthermore, cross-sectional studies have already demonstrated
that the incidence of overweight and obesity is strictly related to lower levels of physical
activity [64,65]

A recent study [66] highlighted the importance of cardiorespiratory fitness as a full
mediator between motor competence and daily physical activity in both boys and girls.
Moreover, cardiorespiratory fitness serves as a complete mediator between obesity and
PAL [67].

Findings from the present study align with other research in the same field, which
indicates that the negative association between BMI, PAL, and physical fitness is closely
related to the significant decline in MVPA in the 3-to-18-year age groups [68].

The obtained results gain significance when considering that higher speed-agility and
muscle strength are also linked to other domains in children and adolescents, beyond the
physical one. In fact, these physical fitness components play a mediating role in the negative
association between excessive body weight and academic performance in children [69].

In addition, the moderation analysis showed no significant results. This may be due
to inaccuracies in self-reporting physical activity levels by children, as reported by other
studies [70,71]. These results also suggest a further reflection of the intensity of physical
activity. According to Sardinha et al. [72], energy expenditure during vigorous physical
activity was inversely associated with total and abdominal fat mass indices in obese chil-
dren, independent of cardiorespiratory fitness levels. Moreover, recent findings highlighted
the importance of balancing volume and intensity during PA to achieve different goals:
increased volume is linked to improved bone-mineral content in children, and reduced fat
mass in males, while intensity is associated with lean mass and fatness in both males and
females [73].

In summary, although the results emphasize the negative association between in-
creased BMI and motor performance, the scientific literature on the subject seems to
attribute a significant role (e.g., direct or indirect effect) to physical activity practice.
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4.1. Methodological and Didactic Implications for Physical Education Teachers

The results of the present study should be interesting and add to a better under-
standing of PE teachers’ behavior in the school setting, where the teacher is primarily
responsible for enabling mediation functions among the students, the motor tasks, and the
environment in which the motor experiences occur [74,75]. Furthermore, these findings
assign significant value to the choice and the teachers’ reflection on the content and the
organizational modalities to increase the levels of physical activity and the time of motor
engagement during practice [76].

A thorough examination of teaching methodologies and organizational strategies in
physical education is needed to enhance motor engagement during physical education
classes and lessons. In fact, there is a positive association between time spent in moderate
to vigorous physical activity and extended opportunities for motor skill learning [75].

Another study evaluated the effects of an experimental intervention protocol based on
the learning of motor skills in a sample of overweight and obese children aged 67 years
concerning the children’s routines at home, self-perception, body mass index, motor de-
velopment, and the time spent in physical activity during physical education lessons [77].
The findings showed a decrease in television viewing and total screen time, and enhanced
perceived motor competence, participation in physical activity, and motor skills, as well
as a decrease in BMI [77]. In addition, the study by Lugowska et al. (2023) showed that
an increase in PA at school (10 h per week) effectively improved physical fitness levels
assessed using standing long jump, shuttle run, and core strength in adolescents aged
11-12 years old [78].

Further opportunities to promote and enhance time for motor engagement in school
might include family involvement [79,80], as well as the proposal of multi-component
projects at school [81,82] and experimental interventions aimed at developing PE teachers’
training courses regarding variables that may lead to an increase or decrease in PAL, such
as self-perception, self-perceived competence, enjoyment, and motivation, as suggested in
other studies [83-87].

4.2. Study Limitations and Future Research

This study highlights significant differences based on gender and BMI cutoff groups,
as well as significant indirect effects of PAL in the association between BMI and physical
fitness, suggesting a foundation for future scientific research. However, some limitations
emerged and should be adequately considered. First, although the authors used cluster
sampling to recruit the sample, the cutoff groups are quite unequal, making it difficult to
generalize the results. Despite the authors applying Gabriel’s procedure for conducting
post hoc analysis, the presence of unequal group sizes may still lead to higher variability
that could influence the robustness of the findings. Future studies should use a stratified
sampling approach.

Additionally, in this study, the authors used Cole’s classification [44] for normal weight,
overweight, and obesity. Subsequent studies could, for example, classify children through
percentile z-scores or the addition of other assessment tools (e.g., waist circumference,
plicometry, etc.). Regarding the assessment methods, despite the authors proposing a
validated questionnaire for assessing self-reported physical activity, the instrument may
still introduce recall bias or inaccuracies, particularly in children, who may struggle to
report their activity levels accurately.

A further limitation is the lack of additional covariates, in this specific case age.
The authors’ objective was, in fact, to create a possible explanatory model applicable to
secondary schools in Italy. Future research will focus on defining specific age-dependent
models of mediation and moderation, as well as the assessment of the mediating and/or
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moderating effects of different activities conducted during physical education classes on
physical fitness. Moreover, to validate these preliminary findings, future research should
employ longitudinal designs to examine differences among various age groups and genders,
including children with disabilities and/or physical/cognitive impairments. Finally, it
would be interesting to conduct and assess the effectiveness of experimental interventions
in schools for enhancing physical fitness and promoting healthy behaviors in adolescents.

5. Conclusions

The present study suggests the important role of physical activity in mediating the
association between BMI and physical fitness in Italian children. Despite the non-significant
moderation effect, the findings indicate that higher levels of physical activity result in better
motor performance in children with higher BMI compared to those with average and
low BMI. The developed mediation models confirm the effect of BMI on physical fitness
components via PAL, suggesting that BMI affects PAL, which in turn influences motor
performance. Instead, the results of moderation models show no significant conditional
effect, suggesting that the influence of BMI on physical fitness depends on the PAL (as a
moderator). However, these data should be properly interpreted in light of the mentioned
limitations of this study. Future research should also be performed using different research
designs and a deeper analysis of sociocultural determinants of physical activity for the
generalization of the results.
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Abstract: Background: Some neonates are assessed for the risk of atypical psychomotor
development at birth and are referred for reflex locomotion therapy using the Vojta method.
Aim: The aim of this study was to analyze the relationships between spontaneous motor
activity (SMA), ideal movement patterns (IMPs), central coordination disorders (CCDs),
vital signs at birth, involuntary reflexes, and postural asymmetry in infants. Methods:
This study involved 90 female and 107 male subjects in the age interval of 1-16 months
(4.15 £ 2.18). Their psychomotor development was assessed using the Vojta method. Age-
appropriate involuntary reflexes were evaluated, and both parameters were correlated with
perinatal risk factors. Results: Males scored significantly higher than females (difference
of —0.7, p = 0.022) in the SMA test. In both genders, SMA (p < 0.001 in both genders)
and IMP scores improved significantly with age. In male infants, higher CCD scores
were associated with significantly lower SMA and IMP scores (p = 0.017 and p < 0.001,
respectively). Significantly higher CCD scores were noted in female subjects with the Moro
reflex and postural asymmetry (p = 0.003 and p = 0.002, respectively). In males, the Moro
reflex was significantly correlated with the Vojta reaction (p = 0.012) and the Collis vertical
suspension reflex (p < 0.001). Conclusions: Vital signs at birth, including birth weight,
Apgar score, and type of delivery, can predict motor development disorders but do not
clearly differentiate infants that require neurodevelopmental therapy.

Keywords: physical therapy diagnosis; motor disorders; coordination of the central ner-
vous system; postural reflexes; spontaneous motor activity

1. Introduction

In physical therapy practice, an accurate diagnosis is essential for initiating effective
treatment in all age groups. Any deviations or delays in the psychomotor development of
infants and young children should be immediately addressed to initiate early therapeutic
interventions and prevent psychomotor disorders in later life [1]. However, children
younger than 12 months are challenging to diagnose because their central nervous system
is not yet fully developed [2,3]. In some cases, delayed myelination of nerve fibers can
disrupt neural and muscular coordination, and these symptoms can be misdiagnosed [4].
For this reason, infants with prenatal or perinatal risk factors should receive specialized
care immediately after birth and should be subjected to a full range of diagnostic tests.
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Early psychomotor development and disorders of the central nervous system (CNS)
are diagnosed with the use of advanced imaging methods, including magnetic reso-
nance imaging (MRI), transfontanellar ultrasound (TFUS), and electroencephalography
(EEG) [5,6]. These imaging techniques enable early detection of developmental defects and
neonatal encephalopathy, facilitating quick initiation of therapeutic interventions [7]. In
neonates, physical therapists also assess primitive reflexes, gross motor skills, positional
preferences, and spontaneous movements and posture [8,9]. The most popular diagnostic
methods include Vojta therapy [10,11], the Bobath concept (neurodevelopmental treatment,
NDT-Bobath) [12-14], Prechtl’s method [15,16], and the Munich Functional Developmental
Diagnostics (MFDR) scale [17,18].

Vojta therapy is a widely used diagnostic tool in clinical practice that relies on devel-
opmental kinesiology and reflex locomotion principles. The Vojta method can be used to
diagnose and treat neurophysiological disorders from birth to the achievement of bipedal
locomotion [19,20]. This approach examines spontaneous movement patterns, automatic
involuntary motor reactions, and seven postural reactions in young children. The devel-
opment of the CNS influences these reactions and movement patterns. In Vojta therapy,
special attention is given to spontaneous motor activity (SMA), postural reactions, the
level of maturity of the central nervous system, and, above all, ideal movement patterns
(IMPs) [21,22]. In this approach, other reflexes involved in postural control and SMA
are also evaluated based on observations of the child’s primitive reflexes and automatic
reactions, including head control, the uprighting and anti-gravity mechanisms of differ-
ent body segments, and the ability to prop up on the hands or elbows for support in a
prone or sitting position. These milestones follow a predictable sequence in successive
neurodevelopmental stages, with contextual variations in the external output that guide
the diagnosis [23]. The diagnosis provides information about non-retained disorders of
the nervous system that can be effectively resolved through physical therapy involving
neurophysiological methods [24].

Atypical psychomotor development of infants exposed to various risk factors during
the prenatal period, delivery, and the perinatal period has been explored in numerous
studies. Research has shown that perinatal risk factors can lead to neurological disorders
and can be captured by the deviations in the output observed in a neurophysiological test
conducted using the Vojta method [22,23]. However, the relationships between central co-
ordination disorders (CCDs) in infants diagnosed with the Vojta method and perinatal risk
factors such as gestation length, type of delivery, birth weight, Apgar score, and primitive
reflexes have never been found in the literature. These links should be identified to facilitate
the early detection of psychomotor anomalies in infants and to assist neonatologists and
pediatricians in implementing therapeutic approaches that can significantly contribute to
the healthy development of children.

Therefore, this study aimed to identify the relationships between the psychomotor
skills of infants assessed with the Vojta method based on their SMA, IMP, and CCD scores
and perinatal risk factors, involuntary reflexes, and postural asymmetry.

2. Materials and Methods
2.1. Participants

This study involved 197 infants at risk of atypical psychomotor development who
were patients of the Rehabilitation Clinic of the Center for Rehabilitation and Education
in Szczytno and were referred for Vojta physiotherapy by a physician (a rehabilitation
consultant) to confirm or rule out developmental disorders. The study group consisted
of 107 male subjects aged 4.15 & 2.18 months and 90 females aged 3.84 £ 2.12 months
(1-16 months). The inclusion criteria were complications during pregnancy and delivery,
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preterm birth, a low Apgar score in the first minutes after birth, a low birth weight, postural
asymmetry (at 7 weeks of age), atypical muscle tone, delayed psychomotor development,
and non-age-appropriate involuntary reflexes. During the study, all children were healthy
and did not present with any symptoms of infection. Children with genetic disorders were
excluded from the study.

2.2. Ethical Statement

This study was conducted in accordance with the guidelines and policies of the Health
Science Council and the Declaration of Helsinki. The study received approval from the
Ethics Committee of the Medical University of Poznan (179/2012). Each child’s parent was
provided with detailed information about the study’s purpose, potential risks, procedures,
and relevant matters. All parents gave voluntary informed consent to participate in the
study and agreed to the publication of anonymous data.

2.3. Procedures, Data Collection, and Equipment

The psychomotor development of the studied infants, including potential disorders,
was assessed. Before the tests, information regarding the progression of pregnancy, mater-
nal diseases, gestation length, type of delivery (spontaneous or with surgical intervention),
the child’s birth weight, Apgar score, and adaptation to life in the first days after birth was
collected from the parents.

Spontaneous motor activity was evaluated in both supine and prone positions, based
on the number of presented skills. Ideal movement patterns were evaluated in the supine
position during rolling, sitting, toddling, standing up, and walking. Special attention
was placed on postural asymmetry. Any deviations in the alignment of different body
parts relative to the midline axis were evaluated in supine and prone positions. Postural
asymmetry was diagnosed based on the tilt of the head towards the shoulder girdle (always
the same shoulder), obliquity of the shoulder and pelvic girdles, and clear preference for
holding the head rotated or the body always towards one side only. The same criteria were
applied to diagnose postural asymmetry in sitting and standing positions. In the next stage,
primitive reflexes were assessed considering the child’s age and CNS development. The
test involved evaluating spinal and tonic reflexes, as well as assessing the ability to support
the head and control head movements, maintain an upright position and balance, and prop
up on the hands or elbows for support in both prone and sitting positions. The child’s
reactions to and specific behaviors in each test were registered.

Assessment Involving the Vojta Method

The rate of motor development was assessed using the seven postural reactions
proposed by Vojta for neuromotor screening [25]. In healthy children, these reactions
correspond to typical stages of ontogenic development of postural and locomotive skills
during the first year of life [11]. These skills evolve with age and follow a predictable
sequence in successive stages of psychomotor development [25]. Atypical reactions that
deviate from the pattern described by Vojta are referred to as CCDs. The severity of CCDs
is evaluated on a four-point scale based on the number of atypical postural reactions:

1. Very mild—1-3 atypical postural reactions;
2. Mild—4-5 atypical postural reactions;

3. Moderate—6-7 atypical postural reactions;
4.  Severe—7 atypical postural reactions [26,27].

The infants’” involuntary and automatic reactions to changes in body position were
evaluated during the test, and all children received a CCD score based on the above rating
scale. Support and extension postures, changes in muscle tone, alignment of the spine and
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enarthroses, and stages of postural and movement output were assessed in the postural
reaction test.

The assessments were conducted by a certified Vojta therapist in the presence of the
parents. Each test was conducted under identical, optimal conditions at constant tempera-
ture and in a quiet room. Most of the examined infants participated in neurodevelopmental
therapy after the study. The children were evaluated for the achievement of age-specific
developmental milestones (the age of pre-term infants was adjusted accordingly) and for
the presence of typical or atypical postural reactions. The motor skills and CCD scores
of male and female participants were compared separately. The presence of significant
relationships between vital signs at birth, SMA, IMPs, the severity of CCDs, involuntary
reflexes, and postural asymmetry was determined.

2.4. Statistical Analysis

The significance of the differences between means was determined by Student’s t-test
for independent variables. The relationships between quantitative traits were analyzed by
calculating Pearson correlation coefficients (r). The chi-square test was used to analyze the
relationships between nominal (category) features. The gamma (y) coefficient numerically
equivalent to Pearson’s r was also calculated. The results were processed statistically in
Statistica PL v. 13.0 at a significance level of p < 0.05.

3. Results

The examined infants were born between 24 and 42 weeks of pregnancy. On average,
male subjects were born at 37.5 & 3.5 weeks, and females were born at 38.4 £ 2.7 weeks.
Birth weights were similar in both genders, with an average of 3118.5 & 859.2 g in males
and 3078.4 £ 783.2 g in females. Neonates were evaluated on the 10-point Apgar test in the
first minute after birth. The average score was 8.9 & 2.0 in males and 9.3 & 1.4 in females.
The study population is characterized in Table 1.

Table 1. Characteristics of the studied male and female infants.

Male n =107 Female n =90
i t

Variable Mean SD Min Max Mean SD Min Max b

Gestation length 375 35 24 L 384 27 26 2 192 0055
[weeks]

Birth weight [g] 3118.5 859.2 666 4900 30784 783.2 660 4450 0.34 0.734
Apgar score * [points] 8.9 2.0 1 10 9.3 1.43 2 10 —-1.70  0.091
Age [months] 4.2 2.2 1 16 3.8 2.1 1 11 0.99 0.324

Notes: *—in the first minute after birth.

Male subjects received significantly higher scores than females (difference of —0.7,
p = 0.022) only in the assessment of SMA. No significant differences in CCD or IMP scores
were observed between the genders (p = 0.151 and p = 0.321, respectively) (Table 2).

In both genders, SMA (p < 0.001 in both genders) and IMP (p < 0.001 in both genders)
scores improved significantly with age. In female subjects, a higher birth weight and higher
Apgar scores were associated with significantly higher SMA and IMP scores (p < 0.05)
(Table 3). In both genders, gestation length was not significantly correlated with SMA or
IMP scores.
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Table 2. Scores received by male and female infants in CCD, SMA, and IMP tests.

Male n =107 Female n =90 )
. ; )
Variable Mean SD Min-Max Mean SD Min-Max b D-Cohen’s
CCDs 4.61 2.17 0-7 5.06 2.18 0-7 —1.44 0.151 0.202
SMA 3.42 2.02 0-11 2.74 2.07 0-9 2.31 0.022 0.332
IMPs 1.68 2.01 0-8 1.39 2.05 0-8 0.99 0.321 0.143

Notes: CCDs—central coordination disorders, SMA—spontaneous motor activity, IMPs—ideal movement pat-
terns, bold font—statistically significant difference.

Table 3. Relationships between SMA and IMP scores and vital signs at birth in male and female infants.

Male (n = 107) Female (1 = 89)

Variable
r p r p
Gestation length 006 ns 0.12 ns
[weeks]
SMA Birth weight [g] —0.04 ns 0.24 0.023
Apgar score ~0.12 ns 0.22 0.048
[points]
Age [months] 0.71 <0.001 0.76 <0.001
Gestation length 0.07 ns 0.14 ns
[weeks]
IMP Birth weight [g] 0.06 ns 0.27 0.011
Apgar score —0.02 ns 0.24 0.025
[points]
Age [months] 0.64 <0.001 0.75 <0.001

Notes: ns—not significant, bold font—statistically significant correlation.

In the study population, CCD scores were not significantly correlated with vital signs

at birth or the infant’s age on the day of the assessment (Table 4).

Table 4. Relationships between CCD scores and vital signs at birth in male and female infants.

Male (n = 107)

Female (n = 89)

Variable
r p r p
Gestation length [weeks] 0.09 ns —0.05 ns
Birth weight [g] 0.04 ns —0.11 ns
b Apgar score [points] 0.01 ns —0.14 ns
Age [months] —0.09 ns 0.17 ns

Notes: ns—not significant.

The relationships between CCD, SMA, and IMP scores are presented in Table 5.
Significant correlations were found only in male subjects. In males, a significant inverse
correlation was noted between the CCD score and the SMA and IMP scores (p = 0.017 and
p < 0.001, respectively).

Potential relationships between the number of atypical postural reactions (CCD score)
and the type of delivery (spontaneous or with surgical intervention), involuntary motor
reflexes, and postural asymmetry were determined in a detailed analysis (Table 6). Female
infants with the Moro reflex and postural asymmetry received significantly higher CCD
scores (p = 0.003 and p = 0.002, respectively). The number of atypical postural reactions
(CCD score) was also significantly higher in males with the palmar grasp reflex and postural
asymmetry (p = 0.049 and p < 0.001, respectively). In the group of male and female infants
born by cesarean section, CCD scores were significantly higher in females (p = 0.018).

162



Children 2025, 12,976

Table 5. Relationships between the CCD score and SMA and IMP scores in male and female infants.

Male (n = 107) Female (1 = 89)

Variable
r p r p
SMA —0.23 0.017 —0.05 ns
cCeb IMP —0.36 <0.001 —0.11 ns

Notes: ns—not significant, bold font—statistically significant difference.

Table 6. Relationships between CCD scores, involuntary motor reflexes, postural asymmetry, and
type of delivery in male and female infants.

Male Female Differences
Variable n Mean SD  Min-Max n Mean SD  Min-Max t p
Gender 107 461 217 90 506 218 144 ns
Tvpe of Spontaneous 20 4.90 1.71 2-7 16 5.07 2.32 0-7 024 ns
P C-section 36 414 237 0-7 26 554  2.04 0-7 243 0.018
delivery
t(p) ns ns
Palmar Absent 41 417 217 0-7 30 433 223 0-7 031 nmns
rasp reflex Present 52 481 211 0-7 46 534 216 0-7 125 ns
Brasp t(p) ns 1.99 (0.049)
Absent 44 430 218 0-7 28 514 212 0-7 162 ns
Moro reflex Present 19 6.00 145 3-7 18 517 241 0-7 129 ns
t(p) 3.11 (0.003) ns
Postural Absent 16 313 222 0-7 13 315 248 0-7 0.03 ns
asvnmetr Present 88 487  2.06 0-7 73 545 195 0-7 178 ns
y y t (p) 3.12 (0.002) 3.75 (<0.001)
Notes: ns—not significant, bold font—statistically significant difference.
The results of the analysis examining the relationships between the Moro reflex and
seven postural reactions (CCD score) are presented in Table 7. In males, the presence of
the Moro reflex was significantly correlated only with the Vojta reaction (p = 0.012) and the
Collis vertical suspension response (p <0.001). In male infants, the relationship between
the Moro reflex and the Landau reaction was on the borderline of statistical significance
(p = 0.053). In female subjects, postural reactions (CCD score) were not significantly cor-
related with the Moro reflex (p > 0.05). Only the correlation between the Moro reflex and
the pull-to-sit (traction) reflex was on the borderline of statistical significance (p = 0.056)
(Table 7).
Table 7. Relationships between the Moro reflex and seven postural reactions in the CCD test.
Male Female
Variable/Category

Present (n = 19) Absent (n = 44) Present (n = 18) Absent (n = 28)

Pull-to-sit test

x> =1.28,v=042,p=0.258 x> =3.65,7=0.58,p=0.056*

0 2 10 7 4
fofe ~1.62 1.62 2.70 —2.70
Fo 17 34 11 24
fofe 1.62 ~1.62 —2.70 2.70
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Table 7. Cont.

Male

Female

Variable/Category
Present (n = 19) Absent (n = 44) Present (n = 18) Absent (n = 28)
Landau reaction X>=3.74,7=063,p=0.053* x> =0.01,9=0.04,p=0917
0 fo 2 15 3 5
fofe ~3.13 3.13 -0.13 0.13
. fo 17 29 15 23
fofe 3.13 ~3.13 0.13 —0.13
Auxiliary suspension test x?>=0.75,v=027,p=0.385 x> =196,v=047,p=0.161
0 4 14 3 10
0 fofe ~1.43 1.43 ~2.09 2.09
. Fo 15 30 15 18
fofe 1.43 ~1.43 2.09 —-2.09
Vojta reaction x*=6.37,y=0.73, p = 0.012 x> =0.01,9=0.02,p=0953
fo 2 19 5 8
0 fofe —433 433 ~0.09 0.09
. fo 17 25 13 20
fofe 4.33 —4.33 0.09 —0.09
Collis horizontal suspension test )(2 =2.81,v=0.44,p=0.094 Xz =0.12,9=0.11,p =0.732
Fo 6 24 6 8
0 fofe ~3.05 3.05 0.52 ~0.52
fo 13 20 12 20
1 fofe 3.05 ~3.05 052 0.52
Peiper-Isbert suspension test X% =3.18,v=0.60, p = 0.074 x>=023,v=0.17,p=0.632
fo 2 14 4 8
0 fofe ~2.83 2.83 ~0.70 0.70
fo 17 30 14 20
1 fofe 2.83 283 0.70 ~0.70
Collis vertical suspension test x%=12.43, v = 0.90, p < 0.001 x> =0.10,v =0.10, p = 0.754
fo 1 23 5 9
0 fofe —6.24 6.24 —048 0.48
fo 18 21 13 19
1 fofe 6.24 624 0.48 048

Notes: * Borderline significant; fo—frequency observed; fe—frequency expected, ns—not significant, bold font—
statistically significant relationship.

The results of the analysis examining the relationship between the palmar grasp reflex

and postural reactions in the CCD test are presented in Table 8. In females, the palmar

grasp reflex was significantly correlated only with the pull-to-sit reflex and the Landau
reaction (p = 0.006 and p = 0.035, respectively). In both genders, the palmar grasp reflex
was not significantly correlated with the results of the remaining motor tests (Table 8).

Table 8. Relationships between the palmar grasp reflex and seven postural reactions in the CCD test.

Variable/Category

Male

Female

Present (n = 52)

Absent (n = 41)

Present (n = 46)

Absent (n = 30)

Pull-to-sit test
fo
0 fofe
1 fo
fo-fe

X>=2.63,7=038,p=0.105

9
—3.30
43
3.30

13
3.30
28
-3.30

x% =757, =0.61,p = 0.006

8
—5.32
38
5.32

14
5.32
16
—5.32
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Table 8. Cont.

Variable/Category

Male

Female

Present (n = 52)

Absent (n = 41)

Present (1 = 46)

Absent (n = 30)

Landau reaction

X>=271,v=037,p=0.010

X% =442, =10.56,p = 0.035

fo 11 15 5 9
0 fofe 354 3.54 —347 347
fo 1 26 1 21
1 fofe 3.54 ~3.54 3.47 —347
Auxiliary suspension test x?>=093,v=022,p=0335 x> =1.09,v=028p=0.29
. fo 13 14 9 9
fofe ~2.10 2.10 ~1.89 1.89
fo 39 27 37 21
1 fofe 2.10 210 1.89 ~1.89
Vojta reaction X?>=237,v=032,p=0.124 x> =269,v=038p=0.101
fo 16 19 13 14
0 fofe —357 3.57 —3.34 3.34
: fo 36 2 33 16
fofe 3.57 357 3.34 334
Collis horizontal suspension test x?=0.05,v=0.05p=0.829 x>=0.13,9=0.09,p=0715
fo 28 23 15 11
0 fofe —0.52 0.52 —0.74 0.74
fo 24 18 31 19
1 fofe 0.52 052 0.74 —0.74
Peiper-Isbert suspension test X>=1.14,7=024,p=0.286 x> =096,7=024,p=0326
fo 18 10 12 11
0 fofe 2.34 234 ~1.92 1.92
fo 34 31 34 19
1 fofe 234 2.34 1.92 ~1.92
Collis vertical suspension test x> =273,v=034,p=0.099 x> =0.74,7=021,p=0.390
fo 19 2 14 12
0 fofe ~3.92 3.92 ~1.74 1.74
fo 33 19 32 18
1 fofe 3.92 392 1.74 174

Notes: fo—frequency observed, fe—frequency expected, ns—not significant, bold font—statistically significant

relationship.

4. Discussion

In the first year of life, SMA serves as a window into the development and functional

state of the CNS. Neurodevelopmental disorders should be diagnosed with the use of

standardized tools based on the results of thorough observations to identify potential

correlations between a child’s spontaneous behavior and motor reflexes.

In the present study, an attempt was also made to analyze the relationships between

vital signs at birth, the infants” motor skills, IMPs, and CCDs. In physical therapy practice,

the identified correlations could facilitate diagnosis and shorten the time from diagnosis to

treatment. This study revealed significant correlations only for some vital signs at birth; in

no case were they observed simultaneously in both genders. These findings suggest that

the identified relationships may indicate a risk of neurodevelopmental disorders; however,

they cannot serve as definitive predictors of such atypical conditions.

The analyzed relationships indicate that vital signs at birth, including birth weight

and Apgar score, as well as the infant’s age during the examination, can be associated

with developmental anomalies in females but do not play a key role because they proceed
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differently in both genders. In turn, SMA and IMPs are related to CCDs in male infants.
The analyses that we conducted indicated that, in males, there was an interdependence
between the CCD assessments and SMA, as well as between CCDs and IMPs, which
appeared to be influenced by delayed neurological maturation. In female subjects, no
such interdependence was observed. In females, CCDs did not significantly affect the
development of spontaneous motor activity or movement patterns. Despite the presence of
these disorders, the studied infants continued to acquire subsequent motor skills, although
they did not always display the ideal movement patterns. Male and female subjects differed
in baseline characteristics; therefore, it might be more informative to compare the deficits or
gains in psychomotor skills relative to the infant’s gestational age rather than the raw data.
This approach could provide a clearer picture of the differences in neurological maturation
between the genders.

This observation suggests that newborns who have not achieved motor develop-
ment milestones or whose motor skills deviate from the physiological standard should
be diagnosed for CNS disorders and referred for neurodevelopmental therapy as soon as
possible.

In the current study, the risk of CCD was not correlated with gestation length, birth
weight, or Apgar score. The above could be attributed to the fact that these associations were
explored across the entire study population without division into subgroups characterized
by short (up to 37 weeks) and typical gestation lengths (40 weeks), low birth weight (up to
2500 g) and macrosomia (birth weight higher than 4000 g), or low Apgar scores (<4 points).
Therefore, further and more detailed research is needed to explore potential differences
between these subgroups.

In many review and cohort studies conducted in Denmark, Italy, and Canada, perinatal
parameters (such as birth weight, gestational age, and complications) had no significant
impact on the development of CCDs/DCD [28-30]. A similar phenomenon was described
in systematic reviews [31]; only in cases of extremely low birth weight, some factors (such as
the male gender) had predictive value, but, overall, negative findings were reported in the
literature [32]. Parameters such as birth weight and Apgar score assess perinatal conditions,
which do not necessarily reflect the neurological status of the newborn. In contrast, the
Vojta assessment is an independent diagnostic tool evaluating the state and maturity of the
central nervous system. Furthermore, when assessing the neurophysiological development
of preterm infants, the child’s chronological age is corrected for the number of weeks
missing to reach full-term pregnancy. As a result, corrected age itself may not always serve
as a predictive factor for the development of preterm infants.

Lipiniska et al. [33] examined potential correlations between the progression of preg-
nancy and hyperactivity in children and adolescents aged 7-17 years. They found that the
risk of neurodevelopmental disorders was higher in children who received an Apgar score
of 0—4 points at 1 min and 5 min after birth. In turn, Kubisa [34] evaluated the psychomotor
development of preterm infants and reported no significant correlations (p > 0.05) between
the Apgar score at 1, 3, 5, and 10 min after birth and the psychomotor development of
infants in the first year of life. The present study revealed a significant correlation between
the Apgar score (p < 0.05) and the psychomotor abilities (SMA and IMPs) of females, but not
males. These observations suggest that the Apgar score is not always a reliable predictor of
typical or atypical psychomotor development; therefore, the decision to refer infants for
motor skills therapy should not be based solely on this parameter.

In a cohort study examining infants aged up to 5 months, Kwong et al. [35] attempted
to identify diagnostic tools for evaluating SMA and capturing the activity repertoire of
newborns who were later diagnosed with cerebral palsy. The cited authors conducted
a thorough analysis of the literature to identify studies investigating the SMA of infants
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using Prechtl’s General Movements Assessment. They concluded that the SMA and motor
skills of infants are strong predictors of neurodevelopmental disorders and cerebral palsy.
The cited authors also attempted to demonstrate that motor skills and IMPs are associated
with CNS disorders in newborns. They found that male infants” scores in the SMA and
IMP tests deteriorated substantially with an increase in the number of atypical postural
reactions in the CCD test. Espel et al. [36] conducted a cohort study of 232 mothers and their
term newborns (50.4% males) who were assessed at three time points in the first postnatal
year. An analysis of the relationship between gestation length and the child’s cognitive and
motor development revealed that a longer pregnancy, even in children that were born at full
term, promotes mental and motor development and that preterm infants show persisting
impairments in cognitive function, school achievement, and brain development. In turn,
Zachwieja [37] investigated the psychomotor development of 283 preterm children and
found that the risk of pediatric cerebral palsy increases with shorter gestational length. The
cited studies indicate that the length of pregnancy affects the development and potential
anomalies of the CNS in newborns. This observation was not corroborated by the present
study, which found no significant correlations between neurodevelopmental disorders and
gestational length in male or female infants.

In this study, an attempt was also made to analyze the relationships between the Moro
reflex, the palmar grasp reflex, and seven postural reactions. Age-appropriate involuntary
reactions were evaluated in each of the seven tested postures. The assessment revealed a
significant correlation between both involuntary reactions and the postural reaction. In
females, the grasp reflex was significantly correlated with an atypical pull-to-sit reflex and
an atypical Landau reaction. Prolonged retention of the grasp reflex is typically related to
unusually high muscle tone in the upper limbs, which may explain the postural reactions
observed in the study. In male infants, the Moro reflex was correlated with the Vojta reaction
and the Collis vertical suspension response. In addition, females and males diagnosed with
postural asymmetry were also characterized by higher CCD scores. The above suggests
that postural asymmetry is significantly correlated with CCD and could be a predictor of
atypical psychomotor development in later life.

Surowinska et al. [38] examined 107 newborns at 3 months of age, with follow-up
checks at 9 and 16 months, and they found that qualitative assessments were better pre-
dictors of developmental milestones than any of the reflexes, excluding walking, which
is strongly predicted by the Babkin reflex. Chinello et al. [39] observed that the persis-
tence of primitive reflexes, including the sucking reflex and palmar and plantar grasp
reflexes, can be promising early indicators of autism spectrum disorders in children. The
clinical significance of palmar and plantar grasp reflexes was also demonstrated by Futagi
et al. [40]. The cited researchers concluded that these reflexes are sensitive and clinically
significant predictors of atypical neural development, particularly in children with spastic
cerebral palsy.

Neurodevelopmental assessments of neonates should be conducted as early as pos-
sible, especially in children at risk of developmental anomalies. The risk factors that
predispose infants to neurodevelopmental disorders include obstructed labor, maternal
hygiene and lifestyle, maternal medical history, and maternal physical activity [41,42],
which were not considered in the current study. These assessments can be conducted using
numerous diagnostic tools that were discussed in the study. These tools should be carefully
selected based on the examiner’s skills and experience, as well as the child’s age, to ensure
that neonates” psychomotor development is evaluated objectively and that the results of
the assessment can be reliably used to choose the optimal treatment.

The clinical observations and scientific analyses presented in this publication clearly
indicate that the persistence of infantile reflexes may serve as a predictive factor for atypical
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motor development. Confirmation of this diagnosis can be supported by assessment using
the Vojta method, which is an effective tool for diagnosing and treating infants; however, its
effectiveness depends on the timing of the intervention and the specificity of the underlying
problems. In pediatric practice, it has been consistently observed that early identification
and therapy with the Vojta method provide measurable developmental and psychosocial
benefits with a long-term impact.

5. Strengths and Limitations

The strength of this study lies in the comprehensive analysis of the correlations be-
tween numerous variables, including separate assessments of perinatal factors in each
gender. The principal limitation, however, is that the study population was not stratified
into age subgroups defined by specific risk factors, such as preterm birth, low birth weight,
or low Apgar scores. Additional age-based stratification would have substantially broad-
ened the scope of the analysis, thus increasing the length of the manuscript. Furthermore,
age-based stratification could lead to insufficient numbers of subjects within certain age cat-
egories, potentially necessitating the exclusion of newborns from specific groups, thereby
reducing the overall sample size.

6. Conclusions

Vital signs at birth, including birth weight, Apgar score, and type of delivery, can be
useful predictors of motor development disorders but do not clearly discriminate infants
who require neurodevelopmental therapy. The grasp reflex, the Moro reflex, and postural
asymmetry are significantly correlated with CCDs and could be indicative of potential
irregularities in the psychomotor development of infants. Special attention should be
paid to the prolonged retention of motor reflexes to diagnose neonates at risk of atypical
psychomotor development and to initiate appropriate treatment as early as possible.
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Abbreviations

The following abbreviations are used in this manuscript:

SMA  spontaneous motor activity
IMPs  ideal movement patterns
CCDs central coordination disorders
MRI magnetic resonance imaging
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