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Preface

This Reprint focuses on ecological assessment tools and cognitive analysis in children and

adolescents with neurodevelopmental disabilities, emphasizing functional cognition and real-life

performance. It presents performance-based, context-sensitive approaches that move beyond

traditional decontextualized cognitive testing.

This Reprint is intended for researchers, clinicians, educators, and developers interested in

ecologically valid assessment frameworks that capture authentic everyday functioning.

Yael Fogel and Naomi Josman

Guest Editors
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Editorial

Children and Adolescents with Neurodevelopmental
Disabilities: Ecological Assessment Tools and Cognitive
Analysis

Yael Fogel 1,* and Naomi Josman 2

1 Department of Occupational Therapy, Ariel University, Ariel 4070000, Israel
2 Department of Occupational Therapy, Faculty of Social Welfare and Health Sciences, University of Haifa,

Haifa 3498838, Israel; njosman@univ.haifa.ac.il
* Correspondence: yaelfo@ariel.ac.il; Tel.: +972-52-616-2455

The Special Issue, “Children and Adolescents with Neurodevelopmental Disabilities:
Ecological Assessment Tools and Cognitive Analysis,” brings together a diverse collec-
tion of articles that highlight the rapidly evolving landscape of assessment, participation,
and cognitive analysis in children and adolescents with neurodevelopmental disabilities
(NDDs). As guest editors, we are grateful to the authors, the reviewers, and the Children
journal for contributing to the success of this Special Issue, which now includes a rich set
of 11 high-quality papers.

Functional cognition has emerged as one of the most critical domains in understanding
children’s and adolescents’ participation in meaningful daily activities [1]. Functional cogni-
tion reflects the dynamic interplay of cognitive abilities, performance skills, environmental
demands, and task requirements—elements that traditional, decontextualized cognitive
tests cannot fully capture [2,3]. Over the past decade, the field has seen a conceptual shift:
from focusing primarily on isolated cognitive components (bottom-up) toward empha-
sizing real-world functional performance (top-down) [4]. This shift aligns with broader
occupational therapy and neuropsychological frameworks that emphasize ecological valid-
ity, contextual performance, and strategy use as essential indicators of meaningful cognitive
functioning [5].

In our conceptual review on digitizing functional cognitive assessments, we found that
although technology offers major opportunities, such as precise measurement, accessibility,
and scalability, most performance-based assessment tools with the strongest ecological
validity remain unavailable in digital formats.

The review demonstrates a persistent gap: Tools that best capture real-life functioning
(e.g., complex cooking tasks, calendar planning, and naturalistic assessments) are precisely
those most challenging to translate into digital platforms without compromising the rich-
ness of observation or strategy identification. At the same time, emerging technologies,
such as virtual reality (VR), mobile platforms, and algorithm-driven adaptive assessments,
show promise in bridging this gap by offering controlled yet naturalistic environments
that can simulate real-life complexity. This technological evolution underscores the need
for advanced digital tools that maintain representativeness, contextual fidelity, and the
ability to capture strategy use—all hallmarks of ecologically valid functional cognitive
assessment [6].

Collectively, the contributions to this Special Issue highlight a movement toward inte-
grated assessment approaches that view cognitive abilities not as isolated mechanisms but
as embedded within daily participation, emotional regulation, social interaction, and task
demands. The articles span a wide range of populations (attention-deficit/hyperactivity

Children 2026, 13, 73 https://doi.org/10.3390/children13010073
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disorder [ADHD], autism spectrum disorder, traumatic brain injury, genetic syndromes,
learning disabilities, and typically developing youth). They present tools that assess execu-
tive functions, memory, attention, problem-solving, and self-regulation using real-world or
simulated tasks. Many contributions also integrate intervention perspectives, reflecting the
growing understanding that assessment and treatment are interdependent—particularly
within dynamic, context-sensitive frameworks.

A clear conceptual thread emerges across the Special Issue: the transition from bottom-
up assessments, which assess cognitive components in isolation, toward top-down models,
which evaluate performance within meaningful occupations. This transition is evident in
the tools that examine participation, naturalistic behavior, everyday task complexity, and
functional problem-solving. The studies collectively emphasize that understanding per-
formance in real contexts is indispensable for accurately identifying strengths, challenges,
learning potential, and intervention needs among children and adolescents with NDDs [7].

1. Future-Oriented Research Directions Across the Contributions

The collective body of work in this Special Issue highlights important opportunities
for advancing the field of functional cognition. First, there is a clear need to continue devel-
oping ecologically valid digital assessment tools that preserve the richness of real-world
observation while leveraging technological precision and scalability. Future studies should
explore hybrid models that integrate naturalistic tasks with digital data capture, including
VR-based simulations, sensor-supported monitoring, and adaptive mobile assessments. Sec-
ond, there is a growing call for longitudinal research examining how functional cognition
evolves across developmental stages and contexts, particularly in relation to participation,
autonomy, and learning potential. Third, the contributions underscore the importance of
cross-cultural validation and normative data for performance-based assessments, ensuring
that assessment tools are sensitive to diverse environments and populations. Finally, future
research should deepen the connection between assessment and treatment by investigating
how performance-based measures can directly inform individualized strategy training,
classroom accommodations, and family-centered support. Together, these directions point
toward a dynamic, interdisciplinary future that seamlessly integrates ecological assessment,
technological innovation, and participation-focused intervention.

2. An Overview of the Published Articles

2.1. Diagnosis Identity Perception in Adolescents with ADHD and Its Relationship to Executive
Functions, Self-Management, and Quality of Life (C1)

This article explores how adolescents perceive their ADHD diagnosis and how this
identity relates to executive functioning, self-management, and quality of life. The findings
reveal that negative diagnosis identity predicts poorer executive function performance and
reduced participation, highlighting the interplay between emotional experience, metacog-
nition, and real-life functioning. This study contributes a unique psychosocial dimension
to functional cognition, showing that identity and daily participation are intertwined. The
study bridges assessment and intervention by pointing to the need for holistic, context-
sensitive support.

2.2. Occupation-Based Tele-Intervention for Children with Neurodevelopmental Disorders: A Pilot
Study (C2)

This pilot study adapts the cognitive orientation to daily occupational performance
model for telehealth delivery, demonstrating meaningful functional gains in daily oc-
cupations. By focusing on self-selected goals and metacognitive strategies, the inter-
vention aligns with top-down, participation-based assessment and treatment. Parents
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and therapists reported that working in the child’s natural home environment enhanced
generalization—emphasizing the ecological strengths of tele-intervention. The study il-
lustrates how assessment and intervention are interdependent processes shaped by real-
life contexts.

2.3. Assessment of Fine Motor Abilities Among Children with Spinal Conditions (C3)

The authors evaluate fine-motor performance in children with spinal disorders using
functional, activity-focused tools that capture real-life task execution (e.g., handling objects,
manipulating materials). The results highlight significant gaps between impairment-level
findings and actual performance in daily occupations, demonstrating the limits of bottom-
up motor assessments. This article reinforces the need for ecologically valid, occupation-
centered tools to understand how motor deficits influence participation and independence.
Its focus on naturalistic performance connects directly to the Special Issue’s emphasis on
functional cognition.

2.4. Effects of Medical Cannabis Treatment for Autistic Children on Family Accommodation: An
Open-Label Mixed-Methods Study (C4)

This mixed-methods study shows that cannabidiol-rich cannabis treatment reduced
family accommodation behaviors and parental distress while improving family routines
and participation. Although medical treatment is not a cognitive intervention per se,
the findings demonstrate how reductions in behavioral rigidity can enhance functional
participation within daily occupations. The study emphasizes the family context as a
critical ecological layer influencing a child’s functional cognition. It reinforces the relevance
of participation-based outcomes as essential indicators of meaningful change.

2.5. Independence in Activities of Daily Living Among Autistic Toddlers: A Pilot Study Using
Ecological Momentary Assessment (C5)

Using ecological momentary assessment, this study captures toddlers’ daily living
skills across real-time contexts. Results show that autistic toddlers demonstrate greater
independence at home than indicated by one-time clinic assessments, highlighting the limi-
tations of decontextualized evaluations. Ecological momentary assessment provides a rich,
ecologically grounded picture of functional cognition, capturing variability, environment–
task interactions, and natural performance. This article strongly supports the Special Issue’s
emphasis on real-world assessment and the top-down perspective.

2.6. ADHD Reporting in Developmental Age: The Role of the Informants (C6)

This article examines patterns of ADHD-symptom reporting across developmental
stages using multi-informant perspectives. The study highlights the importance of con-
textualized behavioral observations, showing discrepancies among teachers, parents, and
clinicians that reflect setting-dependent executive function performance. The findings
align with functional cognition principles, illustrating that ADHD-related behaviors cannot
be fully understood through isolated, component-based assessments. The paper under-
scores the need for ecologically grounded evaluations that consider context, participation
demands, and daily routines.

2.7. Developmental Patterns in Autism and Other Neurodevelopmental Disorders in Preschool
Children (C7)

This study analyzes developmental and adaptive profiles across autism spectrum dis-
order, language disorder, and mixed developmental disorder using multiple standardized
tools and caregiver reports. Results confirm highly heterogeneous trajectories, demon-
strating that diagnostic labels poorly generalize to functional performance in daily life.
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The authors show that caregiver-based ecological assessments add essential insight be-
yond clinic-based testing—especially regarding communication, motor skills, and adaptive
functioning. This aligns strongly with the Special Issue’s goal of understanding cognition
within natural environments and across diverse NDD populations.

2.8. A Virtual Reality Platform for Evaluating Deficits in Executive Functions in Deaf and Hard of
Hearing Children: Relation to Daily Function and to Quality of Life (C8)

This study introduces a VR-based assessment (supermarket) designed to simulate
everyday executive-function challenges in a controlled yet ecologically valid environment.
Findings show that VR tasks successfully capture real-world behaviors, such as planning,
flexibility, and inhibition, beyond what traditional paper-and-pencil tests can measure.
The virtual supermarket reflects the field’s movement toward digital, performance-based
assessments that preserve contextual demands. By replicating complex tasks in a safe
virtual environment, the study demonstrates how technology can bridge the gap between
top-down functional evaluation and quantifiable cognitive metrics.

2.9. Can Functional Cognitive Assessments for Children/Adolescents Be Transformed into Digital
Platforms? A Conceptual Review (C9)

This conceptual review examines the feasibility and implications of digitizing
performance-based functional cognitive assessments for children and adolescents. Review-
ing 13 assessment tools, the authors show that most high-ecologically valid assessments
remain nondigital, whereas existing digital tools often sacrifice contextual realism. The
article highlights a major gap between clinical need and technological development and
emphasizes that digital platforms must preserve real-world context, strategy observation,
and process-oriented evaluation. It proposes a guiding conceptual framework to support
future development of ecologically valid digital assessments. The review concludes with
recommendations for leveraging VR, mobile devices, and advanced analytics to enhance
the precision, accessibility, and scalability of functional cognitive evaluation.

2.10. Sleep Disorders in Children with Rett Syndrome (C10)

This review synthesizes evidence on sleep disturbances among children with Rett
syndrome, a population in which approximately 80% experience significant sleep difficul-
ties. The article details common issues, such as insomnia, abnormal nocturnal breathing,
parasomnias, bruxism, and seizures, and examines genotype–phenotype associations. Ob-
jective findings from polysomnography reveal reduced sleep efficiency, elevated arousals,
disrupted REM/NREM patterns, and both central and obstructive sleep apnea. Recommen-
dations for management emphasize behavioral sleep interventions, careful pharmacological
consideration due to autonomic and cardiac vulnerabilities, and the importance of individ-
ualized multimodal care. The authors call for more rigorous research and registry-based
studies to advance evidence-based treatment strategies.

2.11. XR Technologies in Inclusive Education for Neurodivergent Children: A Systematic Review
2020–2024 (C11)

This systematic review synthesizes evidence on extended reality tools used to support
neurodivergent students in inclusive education. The findings emphasize improvements in
engagement, social communication, and cognitive participation within simulated learning
environments. Extended reality emerges as a promising pathway for creating controlled yet
realistic contexts that mirror daily classroom demands. The review highlights the potential
of extended reality to bridge digital assessment with real-world participation, supporting
the Special Issue’s theme of emerging technologies in functional cognition.

https://doi.org/10.3390/children130100734
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3. Authentic, Integrated, and Person-Centered Approaches

Collectively, the articles in this Special Issue advance the field toward more authentic,
integrated, and person-centered approaches. They reinforce the importance of aligning
assessments with real-world contexts and of acknowledging the rich diversity of children’s
experiences, abilities, and environments. It is our hope that this Special Issue will in-
spire continued innovation and collaboration across clinical, educational, community, and
research settings.

We extend our sincere appreciation to all authors whose work contributed to this
Special Issue and to the Children editorial team for their support and professionalism.
We look forward to seeing how the ideas presented here will influence future research,
shape practice, and expand our collective understanding of children and adolescents with
neurodevelopmental disabilities.

Conflicts of Interest: The authors declare no conflicts of interest.
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Diagnosis Identity Perception in Adolescents with ADHD and
Its Relationship to Executive Functions, Self-Management,
and Quality of Life
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Highlights:

What are the main findings?

• Adolescents with ADHD reported significantly higher identity Acceptance scores
compared to Rejection, Engulfment, and Enrichment, F (2.38, 149.89) = 32.41, p < 0.001.

• The total diagnosis identity score was strongly associated with self-management
(r = 0.61, p < 0.001).

• The Engulfment dimension showed strong and consistent associations with both
executive dysfunction and lower quality of life, despite the absence of correlations at
the total score level.

• Regression analyses indicated that self-monitoring, social QoL, and self-evaluation
together explained 45% of the variance in ADHD diagnosis identity. The Engulfment
dimension of identity was a significant negative predictor of executive functioning
(R2 = 0.15), self-management (R2 = 0.35), and QoL (R2 = 0.17).

What are the implications of the main findings?

• The findings underscore the complex relationship between diagnosis identity and
emotional as well as functional outcomes in adolescents with ADHD.

• Negative perceptions of one’s diagnosis identity predict poorer executive functioning,
self-management, and QoL, while core aspects of self-management and social well-
being also significantly shape how adolescents with ADHD perceive their diagnosis.

• The results highlight the need for holistic, individualized interventions that address
both the development of positive diagnosis identity and the strengthening of executive
and self-management skills of adolescents with ADHD.

• Promoting a positive diagnosis identity may improve functional and emotional out-
comes, which in turn may reinforce a more adaptive and accepting view of the
diagnosis itself.

Abstract: Background/Objectives: This study aimed to describe how adolescents with
attention-deficit/hyperactivity disorder (ADHD) perceive their diagnosis identity and
examine its correlation with executive functions (EFs), self-management abilities, and
quality of life (QoL). Methods: A total of 66 adolescents with ADHD, aged 12 to 18 years
(M = 15.21, SD = 1.84), completed self-report questionnaires, including the Illness Iden-
tity Questionnaire, Behavior Rating Inventory of Executive Function, Self-Control and
Self-Management Scale, and Pediatric QoL Inventory. We used ANOVA with Bonferroni
post hoc tests to assess differences in diagnosis identity domains and Pearson correlations

Children 2025, 12, 1532 https://doi.org/10.3390/children12111532
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to examine correlations between diagnosis identity, EFs, self-management, and QoL. Re-

sults: Adolescents reported significantly higher ADHD Acceptance feelings compared to
Rejection, Engulfment, and Enrichment, F (2.38, 149.89) = 32.41, p < 0.001. Total diagnosis
identity score was strongly associated with self-management (r = 0.61, p < 0.001). While
no significant correlations were found with overall EF or QoL, significant associations did
emerge with their sub-scores. Regression analyses indicated that self-monitoring, social
QoL, and self-evaluation together explained 45% of the variance in diagnosis identity.
The Engulfment dimension of identity was a significant negative predictor of executive
functioning (R2 = 0.15), self-management (R2 = 0.35), and QoL (R2 = 0.17). Conclusions:
Promoting a positive diagnosis identity may improve functional and emotional outcomes
in adolescents with ADHD. In turn, better functional and emotional outcomes may help
them embrace a diagnosis identity that is more positive.

Keywords: diagnosis identity; attention-deficit/hyperactivity disorder; adolescence;
executive function; self-management; quality of life

1. Introduction

The neurodevelopmental condition, attention-deficit/hyperactivity disorder (ADHD),
is characterized by difficulties with sustaining attention and/or hyperactivity-impulsivity
that interfere with functioning and development [1]. As one of the most common neu-
rodevelopmental disorders, the prevalence of ADHD among children and adolescents is
estimated to be around 8% globally [2]. Although ADHD was traditionally considered a
childhood disorder, it is currently recognized as a lifelong condition [3,4].

The World Health Organization [5] defines adolescence as the transitional stage be-
tween childhood and adulthood, occurring between the ages of 10 and 19. This period
is marked by significant growth and development across all areas of life. In addition
to physical changes, adolescents undergo substantial cognitive, emotional, and social
transformations. Additionally, it is a time characterized by identity formation, develop-
ment of social roles and interactions, self-exploration, and cultivation of autonomy and
self-reliance [6].

For adolescents with ADHD, this stage can present particularly profound challenges.
Increased academic and social demands make this period especially vulnerable because
adolescents with ADHD often face higher rates of social rejection, isolation, and educational
difficulties [7,8]. These challenges are compounded by low self-esteem, reduced motivation
to achieve, social-skills deficits, and social withdrawal [9]. Studies also indicate that these
deficits in social, physical, and emotional domains negatively affect quality of life (QoL),
particularly during adolescence. Adolescents with ADHD often have a significantly lower
QoL compared to their peers without an ADHD diagnosis [6,10].

One central deficit commonly associated with ADHD is impairments in executive
functions (EFs) [11,12]. Approximately 67% of adolescents with ADHD exhibit clini-
cally significant EF deficits, particularly in planning, organization, and working memory
domains [13]. EFs are high-level cognitive processes involving complex, goal-directed
behaviors such as planning, control, problem-solving, working memory, and inhibition
which are necessary to perform tasks in diverse situations and environments [14]. They
enable individuals to make informed decisions and use strategies to enhance performance,
learning, and daily functioning [14]. Thus, EF deficits can have long-term implications
for daily life and significantly affect planning, organization, decision-making, academic
achievement, and social skills, potentially leading to maladaptive behaviors [15,16].
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Adolescence is a period of significant EFs development [17]. Adolescents with
ADHD often exhibit more deficits in tasks requiring EFs than their typically developing
peers [18–20]. They frequently struggle with maintaining attention, inhibiting responses,
and sustaining perseverance [11,18–20]. These difficulties may hinder them in developing
various aspects of self-perception and identity, which are critical developmental tasks
during this stage of life. Additionally, the challenges associated with EF deficits may impair
daily functioning, academic performance, self-regulation, and self-management [16].

Self-management is a lifelong task that requires EFs, such as problem-solving and
decision-making [21,22]. It involves managing time and adapting as circumstances change,
with an acute awareness of experiences and their impact on one’s physical and men-
tal state [23]. These skills are designed to improve EFs, reduce core symptoms, and
enhance QoL and self-identity perception. For youth with chronic health conditions, self-
management skill development is a long, complex process shaped by psychological factors,
social networks, and health system involvement [24–28]. Ultimately, this development can
lead to positive changes in health and social outcomes [19].

Identity refers to internal self-awareness, encompassing an individual’s direction in
life and future goals [29]. Self-identity is a composite of skills, knowledge, and beliefs
shaped by personal traits, characteristics, life roles, physical appearance, values, goals, past
experiences, and ongoing interactions with significant others [29,30]. It enables individuals
to work toward achieving their goals while recognizing their strengths and limitations and
fosters a sense of capability and efficacy. This recognition is essential for self-definition
and functioning as a successful societal adult. Adolescents with chronic illnesses tend to
integrate their diagnosis into their identity [31], which may include their knowledge and
goals related to their condition, guiding their actions, values, and behaviors in various
situations [30]. Forming a well-integrated and consolidated identity by, for example,
committing to plans and actively participating in life decisions can protect young people
living with chronic illnesses against distress and depressive symptoms [32].

The term illness identity has recently been used to describe how a person integrates a
chronic illness into their identity [33]. It refers to the attitudes and roles a person develops
about their self, their health condition, and their integration of the condition into their
daily life [34,35]. Using this concept, Oris et al. [34] described the degree to which a person
integrates their chronic illness with their sense of self. They described four dimensions of
illness identity: (a) Acceptance, how much a person accepts their illness and its challenges
as part of their identity without being overwhelmed by it; (b) Enrichment, how much the
person feels the illness allowed them to develop and discern advantages for their identity
in it; (c) Rejection, how much the person rejects the illness and does not perceive it as part of
their identity; and (d) Engulfment, how much the person’s illness engulfs their identity and
permeates all areas of their life. Whereas Acceptance and Enrichment are considered positive
dimensions of identity perception, Rejection and Engulfment are considered negative [36].

Several studies have examined illness identity perception among adolescents and
adults with chronic health conditions, such as type 1 diabetes, epilepsy, and celiac dis-
ease, and how these illnesses integrate into their sense of self [34,36–38]. These studies
demonstrated that illness identity plays a central role in adapting to chronic illnesses.
Adolescents who felt Engulfment were more likely to experience symptoms of depression
and anxiety. On the other hand, Acceptance of the diagnosis was linked to better social
abilities, improved coping skills, and increased social participation. Other studies have
explored illness identity (herein renamed diagnosis identity) within neurodevelopmental
conditions such as autism spectrum disorder and ADHD. A positive diagnosis identity
in autistic individuals was associated with greater psychological well-being, higher QoL,
and broader social participation [39–41]. Similarly, recent studies have examined diagnosis
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identity and its psychosocial implications among adolescents with ADHD, emphasizing
how the interpretation of one’s diagnosis shapes self-concept, social relationships, and
adjustment [42–44]. These findings indicate that illness identity is not limited to the ex-
perience of chronic health conditions but reflects broader identity processes common to
neurodevelopmental conditions.

In sum, adolescence is a critical period for development, which may be more complex
for individuals with ADHD. Adolescents with ADHD often face various emotional and
functional impairments, which further contribute to low self-esteem and QoL. Hence,
developing a positive self-image, self-esteem, and identity perception can be particularly
challenging for them [45]. The self-identity of adolescents with ADHD often incorporates
aspects related to their diagnosis, challenges, and goals, influencing their behavior in
various contexts. The absence of a stable identity may lead to difficulties in EFs, impair
self-management abilities, and negatively impact QoL. These emotional and functional
deficits may, in turn, further hinder identity formation. Despite the importance of this issue,
it has yet to be thoroughly explored. Therefore, the aims of this study were to examine how
adolescents with ADHD perceive their diagnosis identity and how it relates to their EFs,
self-management abilities, and QoL.

2. Materials and Methods

2.1. Study Design

This was a cross-sectional study using an anonymous online survey. The sample
was recruited using convenience sampling, and eligibility was confirmed through a brief
parental screening process before data collection.

2.2. Participants

A sample size of approximately 70 participants was determined using the G-Power test
based on a one-tailed correlation with an effect size of 0.03, alpha level of 0.05, and power
of 80%. The final sample included 66 adolescents aged 12 to 18 years (M = 15.21 years,
SD = 1.84) with a formal diagnosis of ADHD. Of these, 50 (75.8%) participants were
male, 15 (22.7%) were female, and one (1.5%) did not want to specify gender. Other
comorbid neurodevelopmental or chronic health conditions (e.g., autism spectrum disorder,
intellectual disability, or chronic medical illnesses) served as exclusion criteria to minimize
the influence of additional conditions on the experience related to having ADHD. Due to
the anonymous nature of the online survey, verification of ADHD diagnosis provided by
a qualified authority, and the absence of comorbidities, were confirmed at the parental
screening stage. Table 1 presents additional participant demographic characteristics.

Table 1. Participants’ demographic characteristics.

Characteristic Range M (SD)

Age of diagnosis (years) 4–17 10.11 (3.27)
Age of exposure to diagnosis (years) 3–17 10.20 (3.06)

n (%)

Educational setting
Public school 62 (93.9)

Anthroposophical/democratic 3 (4.5)
External school/home school 1 (1.5)

Class type
Mainstream class/full matriculation 58 (87.9)

Special education 3 (4.5)
Gifted/sport 5 (7.6)

Stimulant medication
Yes 24 (36.4)
No 42 (63.6)
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2.3. Measures
2.3.1. Demographic Questionnaire

Items in the demographic questionnaire developed for this study included parental
confirmation of the child’s ADHD and additional chronic or neurodevelopmental diag-
noses. Other items collected general sociodemographic data, such as gender, age, and
education settings.

2.3.2. Illness Identity Questionnaire

The Illness Identity Questionnaire (IIQ) [34] is a self-report questionnaire designed to
measure the extent to which a chronic health or developmental condition integrates into the
respondent’s daily life and identity. For this study, the IIQ was explicitly adapted for ADHD
following the authors’ guidelines and with their permission. The questionnaire consists
of 25 statements rated on a 5-point Likert scale from 1 (strongly disagree) to 5 (strongly
agree). The IIQ assesses four dimensions of diagnosis identity: (a) Rejection, including
five items; (b) Engulfment, including eight items; (c) Acceptance, including five items; and
(d) Enrichment, including seven items. Each dimension’s score is calculated as the average
of its related items; a higher score indicates a greater expression of that dimension. Items
from the negative dimensions (Rejection and Engulfment) are reverse-scored; mean scores
are calculated across all items to achieve an overall score; higher overall scores reflect more
positive identity perception. The IIQ has demonstrated high discriminant validity and
internal consistency; reliability coefficients ranged from 0.75 to 0.95 among adolescents
with chronic conditions [34,46]. In the current study, internal reliability was good for all
IIQ items (α = 0.81) and adequate for each component (α = 0.71 − 0.84).

2.3.3. Behavior Rating Inventory of Executive Function-Self-Report

The Behavior Rating Inventory of Executive Function (BRIEF-SR) [47] is a self-report
questionnaire designed to assess EFs in adolescents aged 11 to 18 years. The questionnaire
comprises 80 statements in which participants are asked to rate the frequency of specific
behaviors on a 3-point scale: 1 (never), 2 (sometimes), and 3 (often or always). The items are
divided into eight categories that assess different aspects of executive functioning. Three
categories, inhibition, shifting, and emotional regulation, form the behavioral regulation
index (BRI); five categories, initiation, working memory, planning/organization, environ-
mental organization, and monitoring, form the metacognition index (MI). Raw scores are
computed for each category by summing the item ratings. Additionally, composite scores
are calculated for the BRI, MI, and the global executive composite (GEC), which reflects
overall executive functioning. Using gender- and age-specific norms to convert these raw
scores provides a standardized score for executive functioning; a lower score reflects better
executive functioning. Scores below 60 represent normal functioning, scores from 60 to
65 indicate at-risk functioning, and scores greater than 65 signify impaired functioning. The
BRIEF-SR has demonstrated strong content validity, construct validity, and high internal
reliability across its scales, with reported reliabilities of Cronbach’s alphas of 0.93 (BRI),
0.94 (MI), and 0.96 (GEC) [47]. In the current study, internal reliability was similarly high,
with α = 0.96 for all items and α = 0.95 to 0.96 across the categories.

2.3.4. Self-Control and Self-Management Scale

The Self-Control and Self-Management Scale (SCMS) [48] is a self-report questionnaire
to assess self-management abilities in daily life. The questionnaire consists of 16 statements
rated on a scale from 0 (does not describe me at all) to 5 (describes me very well). These
items are divided into three subscales: self-monitoring (six statements), self-evaluating
(five statements), and self-reinforcing (five statements) scales. Together, they produce an
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overall score reflecting self-management skills. Scores are calculated by summing the
ratings of all relevant items; higher scores indicate better self-management abilities [49].
The SCMS has demonstrated construct and discriminant validity, along with high inter-
nal reliability for all items (α = 0.85) and adequate to good reliability for the subscales
(α = 0.72 − 0.80). The current study found reliability acceptable, with a Cronbach’s alpha
of 0.75 for all items and subscale reliability ranging from 0.59 to 0.87.

2.3.5. Pediatric Quality of Life Inventory

The self-reported Pediatric Quality of Life Inventory (PedsQL), designed for adoles-
cents aged 13 to 18 years [50], assesses health-related QoL. It applies to healthy adolescents
and those with chronic health conditions. The questionnaire includes 23 items that evaluate
four dimensions of QoL: eight physical-functioning items, five emotional-functioning items,
five social-functioning items, and five school-functioning items. Adolescents are asked to
indicate the extent to which each statement represents a difficulty or problem on a scale
from 0 (never a problem) to 4 (almost always a problem). These ratings are converted to a
linear score ranging from 0 to 100 (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0), with higher scores in-
dicating better QoL. In addition to an overall score, mean scores for the four dimensions are
calculated. The PedsQL has demonstrated high internal reliability for self-reports (α = 0.88)
and possesses strong construct and discriminant validity between groups with varying
morbidity levels [50]. In the current study, the PedsQL demonstrated acceptable internal
reliability for all items (α = 0.72) and good reliability across the categories (α = 0.79 − 0.84).

2.4. Procedure

The University of Haifa Institutional Ethics Committee approved this study (No.
274/19-1). We recruited participants by directing advertisements to parents of adolescents
with ADHD via relevant interest groups, forums, and social media. The advertisements
included a link to an explanatory letter about the study and several screening questions
designed to confirm eligibility. Parents who expressed interest in their child’s participation
were asked to complete an informed consent form. Subsequently, they forwarded the survey
link to their adolescents, who independently completed the questionnaire on Google Forms.
Because the online form required a response for every item, no forms were submitted with
missing data. Completion time was approximately 25 min. Responses were transmitted
automatically and anonymously to a secure database only the research team could access.
Data collection took place between February and April 2024.

2.5. Data Analyses

We analyzed the data using IBM SPSS (Version 27). Descriptive statistics summarized
the sample characteristics, including the variables’ ranges, means, and standard deviations.
An analysis of variance with Bonferroni post hoc analysis for repeated measures was
performed to assess differences in diagnosis identity perception measures. Additionally,
we conducted Pearson correlation analyses to explore the correlation between dimensions
of diagnosis identity perception (IIQ) and EFs (BRIEF-SR), self-management (SCMS), and
QoL (PedsQL).

3. Results

3.1. Diagnosis Identity Perception of Adolescents with ADHD

A repeated measures ANOVA was conducted to examine differences between the
four dimensions of diagnosis identity (Rejection, Acceptance, Engulfment, and Enrichment),
as measured by the IIQ. Mauchly’s test indicated a violation of the sphericity assumption,
χ2(5) = 22.67, p < 0.001; therefore, we applied the Greenhouse–Geisser correction (ε = 0.795).
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The results showed a statistically significant effect of identity dimension on IIQ scores,
F (2.38, 149.89) = 32.41, p < 0.001, partial η2 = 0.607, indicating a large effect size. Multivariate
tests (Wilks’ Lambda = 0.393, p < 0.001) also confirmed a significant overall difference
across the four dimensions. Post hoc comparisons using Bonferroni-adjusted pairwise tests
showed that Acceptance scores (M = 3.74, SD = 0.88) were significantly higher than Rejection
(M = 2.54, SD = 0.91), Engulfment (M = 2.38, SD = 0.81), and Enrichment (M = 2.75, SD = 0.93)
scores (p < 0.001 for all comparisons). Engulfment scores were significantly lower than all
other dimensions (p < 0.001), while Enrichment did not significantly differ from Rejection
(p > 0.05). No significant gender differences were observed in IIQ scores, nor were there
significant differences between adolescents who reported taking ADHD medication and
those who did not.

3.1.1. Relationship Between Diagnosis Identity Perception and EFs, Self-Management,
and QoL

We conducted correlational analyses to explore the relationships among adolescents’
diagnosis identity perceptions (as measured by the IIQ) and their reported EFs, self-
management, and QoL.

3.1.2. Relationship Between Diagnosis Identity and EFs

No significant correlations were found between the IIQ total score and the BRIEF-SR
total (GEC), behavioral regulation (BRI), or metacognitive abilities (MI) scores. Further
analysis explored the correlation between the IIQ dimensions and the specific BRIEF-SR
scales. Most of the significant correlations were associated with the Engulfment dimension,
suggesting that the participants who felt their ADHD diagnosis was more central or
overwhelming tend to experience greater executive dysfunctions, and conversely, greater
difficulties in executive functioning may reinforce a more engulfed or consuming sense of
diagnosis identity. Table 2 presents these results, including detailed correlations between
the IIQ dimensions and the BRIEF-SR scales.

Table 2. Correlations between the IIQ and the BRIEF-SR, SCMS, and PedsQL.

IIQ

Rejection Acceptance Engulfment Enrichment Total IIQ

BRIEF-SR
Inhibition −0.25 * 0.20 0.38 ** 0.26 * 0.11

Shift −0.15 0.10 0.42 ** 0.20 0.00
Emotional control −0.16 0.13 0.32 ** 0.26 * 0.08

BRI Score −0.21 0.21 0.42 *** 0.24 0.05
Organization of material −0.10 0.07 0.27 * 0.03 −0.04

Task completion 0.05 −0.05 0.37 ** −0.03 −0.19
Working memory −0.12 0.13 0.40 *** 0.16 0.00

Plan/organize −0.01 0.00 0.38 ** 0.04 −0.18
Monitor −0.14 −0.03 0.26 * −0.03 −0.10
MI Score 0.05 0.13 0.43 *** 0.09 −0.12

GEC Score −0.13 0.11 0.46 *** 0.17 −0.04
SCMS

Self-monitoring −0.30 * 0.47 *** −0.29 * 0.46 ** 0.58 **
Self-evaluation −0.17 0.14 −0.02 0.23 0.20
Self-reinforcing −0.22 0.28 * −0.11 0.31 ** 0.36 **

SCMS Total −0.37 ** 0.45 *** −0.35 ** 0.39 *** 0.61 ***
PedsQL
Physical −0.02 0.20 −0.42 ** 0.03 0.30 *

Emotional 0.03 −0.15 −0.31 * −0.14 0.05
Social −0.27 * −0.09 −0.28 * −0.08 0.19
School 0.25 * −0.13 −0.24 −0.11 −0.05

PedsQL Total 0.00 0.00 −0.41 *** −0.07 0.17

Note. IIQ = Illness Identity Questionnaire; BRIEF-SR = Behavior Rating Inventory of Executive Function–Self-
Report; SCMS = Self-Control and Self-Management; PedsQL = Pediatric Quality of Life Inventory; * p < 0.05,
** p < 0.01, *** p < 0.001.
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3.1.3. Relationship Between Diagnosis Identity and Self-Management

A strong positive correlation was found between the IIQ total score and the SCMS
total score (r = 0.61, p < 0.001), suggesting that adolescents with a more integrated diag-
nosis identity tend to report better self-regulation. Likewise, adolescents with stronger
self-regulation tend to perceive their diagnosis identity more positively. Among the IIQ
dimensions, Acceptance and Enrichment were most positively associated with SCMS sub-
scales, while Rejection and Engulfment showed negative correlations. Detailed correlations
between IIQ dimensions and SCMS subscales are presented in Table 2.

3.1.4. Relationship Between Diagnosis Identity and QoL

No significant correlation was found between the IIQ total score and overall PedsQL
scores, suggesting that general diagnosis identity integration is not directly linked to
perceived QoL. However, we observed significant negative correlations for the Engulfment
dimension with the physical (r = −0.42, p < 0.01), emotional (r = −0.31, p < 0.05), and social
(r = −0.28, p = 0.05) domains of QoL. These findings suggest that adolescents who feel more
engulfed by their ADHD diagnosis tend to report lower well-being, and those experiencing
reduced QoL may be more likely to perceive their diagnosis as overwhelming. Table 2
presents the full correlation results.

3.2. Diagnosis Identity Perception: Bidirectional Prediction
3.2.1. Predicting Diagnosis Identity by EFs, Self-Management, and QoL

A stepwise multiple regression analysis was conducted to examine predictors of di-
agnosis identity perception (IIQ total score). Three variables were entered sequentially as
significant predictors: self-monitoring (SCMS), social QoL (PedsQL), and self-evaluation
(SCMS). The final model accounted for 45.3% of the variance in diagnosis identity per-
ception. No evidence of multicollinearity was observed, as all VIF values were close to 1.
Table 3 presents a summary of the regression models.

Table 3. Summary of the model: predictors of diagnosis identity perception in stepwise multiple
regressions.

Model Predictor B SE B β t p

1 Self-Monitoring (SCMS) 0.049 0.008 0.592 5.88 <0.001
F (1,64) = 34.57, p < 0.001

R = 0.592, R2 = 0.351, Adj. R2 = 0.341
2 Self-Monitoring (SCMS) 0.048 0.008 0.582 5.98 <0.001

Social QoL (PedsQL) 0.007 0.003 0.231 2.37 0.021
F (2,63) = 21.35, p < 0.001

R = 0.636, R2 = 0.404, Adj. R2 = 0.385
3 Self-Monitoring (SCMS) 0.049 0.008 0.595 6.32 <0.001

Social QoL (PedsQL) 0.007 0.003 0.226 2.40 0.019
Self-Evaluation (SCMS) 0.029 0.012 0.221 2.35 0.022

F (3,62) = 17.09, p < 0.001
R = 0.673, R2 = 0.453, Adj. R2 = 0.426

3.2.2. Predicting EFs, Self-Management, and QoL by Diagnosis Identity Dimensions

A series of stepwise multiple regression analyses was conducted to examine the pre-
dictive value of diagnosis identity perception dimensions (IIQ) for executive functioning,
self-monitoring, and QoL. Engulfment emerged as a significant negative predictor of both
executive functioning and QoL; specifically, adolescents who reported greater identification
with their diagnosis showed poorer cognitive and well-being outcomes. In contrast, Enrich-
ment was a positive predictor of self-management skills, reflecting that perceiving one’s
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diagnosis as meaningful and growth-promoting was associated with better self-regulatory
abilities. Together, these models explained approximately 15% to 35% of the variance across
the outcome measures. No evidence of multicollinearity was observed in any model (all
VIFs < 1.05). The results are summarized in Table 4.

Table 4. Summary of the model: Predicting EF, self-management, and QoL by IIQ dimensions in
stepwise multiple regressions.

Outcome Variable Predicator (IIQ Dimension) B SE B β t p

Executive functions (BRIEF-SR GEC) Engulfment
6.50 1.94 0.386 3.35 0.001

F (1,64) = 11.20, p = 0.001
R = 0.386, R2 = 0.149, Adj. R2 = 0.136

Self-management-Step 1 Enrichment
6.24 1.30 0.514 4.80 <0.001

F (2,63) = 23.01, p < 0.001
R = 0.514, R2 = 0.264, Adj. R2 = 0.253

Self-Management-Step 2

Enrichment 6.75 1.25 0.557 5.42 <0.001
Engulfment −4.05 1.43 −0.292 −2.84 0.006

F (2,63) = 16.80, p < 0.001
R = 0.590, R2 = 0.348, Adj. R2 = 0.327

Quality of life (PedsQL)
Engulfment −6.52 1.83 −0.407 −3.56 0.001

F (3,62) = 12.69, p < 0.001
R = 0.407, R2 = 0.165, Adj. R2 = 0.152

4. Discussion

The present study reveals that adolescents with ADHD are more likely to perceive
their diagnosis identity in positive terms, with Acceptance emerging as the most prominent
dimension compared to Rejection and Engulfment. This tendency aligns with prior research
on other neurodevelopmental and chronic conditions, such as celiac disease [38] and
autism [51], where a positive component of diagnosis identity has also been observed.
Moreover, our results complement prior work with adolescents with ADHD, who often
characterize their experience in terms of openness, honesty, empathy, high energy and
motivation, creativity, agreeableness, hyperfocus, and strong willingness to help others [52].
Recognizing and validating these strengths can foster greater acceptance, more adaptive
coping strategies, and, in some cases, even a sense of pride in one’s diagnosis [53]. The
positive aspects of ADHD have also been emphasized in the growing influence of the
Neurodiversity Movement [54], which highlights individuals’ strengths, talents, and unique
contributions and views neurological differences as natural and valuable expressions of
human variation [55].

However, our findings also reveal that the diagnosis identity perceptions of adoles-
cents with ADHD are not exclusively positive or negative. Instead, most participants
demonstrated a nuanced and multidimensional profile, experiencing both Acceptance and
Enrichment alongside feelings of Rejection and Engulfment. This internal complexity echoes
recent qualitative research showing that adolescents with ADHD often navigate a dynamic
mix of pride, self-acceptance, and meaning, while simultaneously contending with stigma,
self-doubt, or a sense of difference [44,56,57]. Such findings highlight that diagnosis iden-
tity in ADHD is shaped by ongoing negotiation between positive self-concepts and the
psychological or social challenges associated with the diagnosis.

The present study found that feelings of Engulfment, meaning the sense that ADHD
becomes central and overwhelming to one’s identity, were significantly associated with
EF deficits among adolescents. This finding supports the conceptualization of ADHD
diagnosis identity as closely intertwined with self-regulation processes. Qualitative and
quantitative research has suggested that when adolescents experience their diagnosis as
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engulfing, they may also struggle more with inhibitory control and emotional regulation,
core components of EF [13,56,58]. Our results further indicate that better inhibition and
emotional regulation are linked to more positive perceptions of the ADHD diagnosis, echo-
ing previous studies emphasizing the centrality of these EFs for developing a coherent and
adaptive self-concept [58–60]. Together, these findings highlight the value of considering
both the cognitive and diagnosis identity dimensions of ADHD in intervention planning.
Specifically, addressing feelings of Engulfment and fostering executive functioning skills,
particularly inhibition and emotional regulation, may help adolescents with ADHD develop
a more positive and balanced identity.

Our study demonstrates that adolescents with ADHD who report higher levels of
Acceptance and Enrichment also tend to exhibit better self-management abilities, particularly
in self-monitoring and self-reinforcement. Conversely, greater feelings of Rejection and
Engulfment are linked to poorer self-management. These findings align with previous
research in other chronic conditions, where a positive illness or diagnosis identity has
been associated with improved self-management and a more adaptive self-concept [61–63].
Self-monitoring, a key aspect highlighted in the current study, is crucial to behavior change
and self-regulation among youth with ADHD [64,65]. Recent qualitative research further
supports that when adolescents constructively internalize their diagnosis, they develop
a stronger sense of agency and are better able to adopt effective coping strategies [44].
Additionally, the positive association between diagnosis identity and self-reinforcement
underscores the importance of fostering not only knowledge and skills but also a healthy,
empowered self-perception as part of interventions for adolescents with ADHD. Given
the limited research on self-reinforcement in neurodevelopmental populations, future
studies should investigate how enhancing positive diagnosis identity can strengthen core
self-management processes and contribute to better outcomes for this group.

A growing body of research on chronic and neurodevelopmental conditions demon-
strates that negative diagnosis identity, particularly the sense of Engulfment, can have
substantial adverse effects on QoL, including greater psychosocial distress and lower func-
tioning in physical, social, and emotional domains [34,37,66]. The current study extends
these findings to adolescents with ADHD, revealing that negative dimensions of diagnosis
identity are strongly linked to reduced physical, social, and emotional QoL. Importantly,
these associations emerged even though positive perceptions were more prevalent overall
among participants. Similarly to reports in other conditions (e.g., [67]), adolescents with
ADHD who exhibit higher acceptance of their diagnosis tend to report better QoL. Con-
versely, those experiencing greater Engulfment and Rejection face a heightened risk for poor
psychosocial outcomes. These results highlight the importance of developing targeted
interventions that not only cultivate strengths and talents but also address and reduce
negative diagnosis identity, as these negative emotions are closely related to adolescents’
daily functioning and well-being [34,37,51].

The decision to also examine bidirectional predictive associations between ADHD
diagnosis identity and functional outcomes reflects the view that these domains influence
one another dynamically. A coherent and positively integrated sense of diagnosis identity
can enhance self-awareness, motivation, and coping, contributing to improved executive
functioning and overall well-being (e.g., [44]). At the same time, well-developed executive
abilities and psychosocial adjustment provide the cognitive and emotional resources neces-
sary to reflect on one’s diagnosis and develop a stable, adaptive identity (e.g., [68]). The
results of the regression analyses highlight this bidirectional relationship between diagnosis
identity perception and functional and emotional outcomes in adolescents with ADHD. On
one hand, dimensions of diagnosis identity, particularly Engulfment and Enrichment, were
significant predictors of executive functioning, self-management, and QoL. A more positive
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diagnosis identity predicted better daily functioning, while a negative diagnosis identity
predicted greater impairment. On the other hand, self-monitoring and self-evaluation, as
well as social QoL, predicted overall diagnosis identity perception, jointly accounting for
nearly half the variance. These findings indicate that adolescents’ day-to-day skills and
well-being not only reflect their sense of diagnosis identity but also actively shape it. This
relationship aligns with recent theoretical frameworks suggesting that identity develop-
ment in chronic and neurodevelopmental conditions is a dynamic process, continually
influenced by both internal capacities and external experiences [34,37,44].

Practically, these findings highlight the importance of holistic and differentiated
interventions across clinical, educational, and family contexts. For clinicians and educators,
the results emphasize the need to assess adolescents with ADHD in terms of not only
their clinical symptoms and functional abilities but also their diagnosis identity—how
they perceive and internalize their diagnosis. Therefore, interventions should aim to
reduce negative meanings associated with ADHD, foster interpretations that are more
positive and empowering, and strengthen self-efficacy. Such approaches can enhance
daily functioning, social experiences, and overall QoL. Promoting executive and self-
management skills may further support adaptive development of diagnosis identity. For
families, addressing adolescents’ diagnosis identities can guide parents and caregivers in
providing emotional and practical support that reinforces self-regulation, confidence, and
inclusion. Collaboration among teachers, counselors, and family members around this
shared understanding may foster a more adaptive and positive identity formation process,
ultimately improving the well-being and daily functioning of adolescents with ADHD. It
is important for future research to explore the mechanisms underlying these correlations,
including the role of environmental factors (e.g., family support, school climate) and
the potential for targeted interventions to disrupt maladaptive feedback loops between
diagnosis identity perception and daily functioning.

This study’s limitations should be acknowledged. The ADHD diagnoses were based
solely on parental confirmation of a formal clinical diagnosis, without independent verifica-
tion. The relatively small sample size (N = 66) and use of convenience sampling may have
reduced the statistical power to detect subtle effects and limited the generalizability of the
findings to the broader population of adolescents with ADHD. Participants with parent-
reported neurodevelopmental or chronic comorbidities were excluded to focus specifically
on illness identity related to ADHD. This deliberate decision enhanced conceptual clarity
but limited the generalizability of the findings to adolescents with ADHD who present
additional conditions. Moreover, participants who voluntarily chose to participate might
differ in motivation, awareness, or coping strategies from those who did not, potentially
introducing selection bias. The requirement for adolescents to independently complete a
relatively long online questionnaire (approximately 25 min) may have further excluded
those with more severe attentional or behavioral difficulties. Although symptom severity
was assessed, it was not significantly related to diagnosis identity or outcome measures.
Therefore, we did not include it in the main analyses. Additionally, the study did not
distinguish between ADHD subtypes (inattentive, hyperactive-impulsive, or combined).
These subtypes may differ in behavioral and emotional characteristics and could potentially
mediate or moderate the relationships observed in this study.

The gender distribution (76% male) is higher than typically reported in epidemio-
logical studies (e.g., [69]) but consistent with clinical samples where boys are typically
overrepresented; this may limit generalizability, particularly to girls with ADHD who are
often underdiagnosed [70]. While no gender differences were observed in diagnosis identity
(IIQ), some independent variables (e.g., self-regulation, executive functioning) did show
differences, suggesting gender may act as a confounding or moderating factor. Similarly,
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although stimulant medication use was not associated with any of the study variables, the
modest sample size limited examination of dosage or duration effects, and thus, medication
influences cannot be entirely ruled out. Additional limitations include the study’s use of
self-report measures, which could introduce response bias, and its cross-sectional design,
which precludes causal inference regarding the directionality of relationships.

Future studies should recruit larger and more diverse samples through randomized
or stratified procedures across multiple settings to enhance external validity and enable
subgroup analyses (e.g., gender or medication status). They should also consider ADHD
subtype distinctions to better understand their possible influence on the study variables.
Incorporating longitudinal or experimental designs and developing parallel tools for other
diagnosis groups to enable cross-condition comparisons. Finally, qualitative approaches
could further enrich understanding of how adolescents with ADHD experience and inte-
grate their diagnoses into daily life.

5. Conclusions

This study’s findings underscore the complex relationship between diagnosis identity
and emotional and functional outcomes in adolescents with ADHD. Not only do negative
perceptions of diagnosis identity, such as Engulfment and Rejection, predict poorer executive
functioning, self-management, and QoL, but core aspects of self-management and social
well-being also significantly shape how adolescents perceive their diagnosis. These results
spotlight the importance of and need for holistic, individualized interventions that address
both the development of positive diagnosis identity and the strengthening of executive and
self-management skills. Clinicians, educators, and families should be aware of the ongoing
interplay between diagnosis identity and daily functioning, supporting adolescents in
embracing their diagnosis and building practical coping strategies to improve QoL.

Author Contributions: Conceptualization, Y.Z.-C., A.S. and L.L.; methodology, Y.Z.-C., A.S. and L.L.;
formal analysis, Y.Z.-C., A.S. and L.L.; investigation, Y.Z.-C., A.S. and L.L.; data curation, Y.Z.-C.;
writing—original draft preparation, Y.Z.-C.; writing—review and editing, A.S. and L.L.; supervision,
A.S. and L.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the Institutional Review Board
of the University of Haifa (approval number 274/19-1, 20 January 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request. Due to ethical considerations and the involvement of
minors, the data are not publicly available to protect participant confidentiality.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

ADHD Attention-deficit/hyperactivity disorder
BRI Behavioral regulation index (BRIEF)
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Highlights:

What are the main findings?

• Tele-CO-OP enables meaningful functional gains in children with NDDs through telehealth.

What are the implications of the main findings?

• Home-based delivery enhances the generalization of treatment to the child’s natural
environment.

• Key facilitators and barriers identified can inform sustainable teleintervention.

Abstract: Background: There is a growing gap between the increasing prevalence of
children with neurodevelopmental disorders (NDDs) and the limited availability of de-
velopmental services. This raises an urgent need for effective and accessible intervention
models. Hybrid intervention offers an innovative and practical solution, yet evidence
regarding its feasibility and efficacy for children remains limited. This study aimed to
adapt an evidence-based occupational therapy (OT) intervention model for remote deliv-
ery and to examine its feasibility and preliminary efficacy among children with NDDs.
Methods: Using a quasi-experimental pre–post, mixed-methods design, children aged 5–8
years with NDDs were recruited from child development units in southern Israel. The
intervention comprised 12–15 weekly video-conference sessions utilizing the Cognitive
Orientation to (daily) Occupational Performance (CO-OP) approach. Standardized out-
come measures assessed feasibility and preliminary efficacy. Focus groups with parents
and therapists explored facilitators and barriers to implementation. Results: Of the 26
participants enrolled, 14 children (71% boys) completed the intervention and reported
high satisfaction. Clinically significant improvements were observed in personal goal
training, reported by both children (80%) and parents (73.68%). Content analysis identified
three key themes: parents’ engagement, ecological intervention, and technological literacy.
Conclusions: Tele-CO-OP intervention was found to be feasible for children with NDDs
and showed potential to improve occupational performance in personal goals. Findings
provide a practical foundation for developing hybrid OT services as a valuable complement
to in-person care for this growing population.

Keywords: child development; occupational therapy; cognitive orientation to (daily) occu-
pational performance (CO-OP); Tele-CO-OP; tele-intervention
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1. Introduction

Neurodevelopmental disorders (NDDs) are a group of developmental conditions,
including attention deficit hyperactivity disorder (ADHD), autistic spectrum disorders
(ASD), and developmental coordination disorder (DCD), characterized by developmental
deficits that can be detected during early childhood [1]. They affect 5–20% of the gen-
eral population and are more frequent in males than females [1]. NDDs are among the
most prevalent conditions associated with disability and participation restrictions dur-
ing childhood. NDDs are also associated with disrupted brain development that affects
different aspects of daily life functions [2]. Recent evidence demonstrates, for example,
altered resting-state functional connectivity in children with ADHD, reflecting atypical
brain network organization [3].

Children with NDDs face significant delays in at least one developmental skill, such
as motor, language, behavioral, social, and cognitive development [4]. They also struggle
in performing activities, including self-care tasks (e.g., dressing, feeding, and toileting),
academic and pre-academic activities (e.g., handwriting, reading, and following classroom
routines), and play and leisure activities that require social interaction, motor coordination,
or sustained attention [5]. These difficulties lead to functional limitations in daily participa-
tion, raising the need for appropriate support and developmental services, sometimes even
before the child enters school [6].

NDDs usually continue into adolescence and adulthood, characterized by problems in
many areas of function (e.g., work and education), increasing the risks of unemployment,
social isolation, injuries, gambling addictions, and delinquency [7]. Lack of early and
appropriate intervention can lead to deterioration in overall health and functioning, as well
as increase the risk for the emergence of comorbid mental health disorders. Therefore, early
intervention among children with NDDs is essential for their long-term health [8].

An intervention approach with strong evidence for improving functioning in children
with NDDs is the task-oriented approach [9]. This intervention focuses on a client’s personal
goals, empowering them to acquire functional skills and increase participation in their
natural environments [10,11]. One example of task-oriented intervention is The Cognitive
Orientation to (daily) Occupational Performance [CO-OP; [12]].

The CO-OP approach is a performance-based use of metacognitive strategies and
problem-solving principles to improve daily functions [12]. Its aims are to accomplish
the following: (a) meet the client’s functional goals through task acquisition; (b) facilitate
self-generated cognitive strategy acquisition; and (c) promote generalization and transfer
to other occupations and contexts [13]. The key elements of this approach include setting
personal functional goals according to the child’s preference; dynamic performance analysis
(DPA), using global and specific strategies; and a guided discovery process with enabling
principles. The process known as “Goal-Plan-Do-Check” is a global problem-solving
strategy that outlines four steps toward achieving goals: setting a functional goal, designing
a plan to achieve it, implementing the plan, and checking that it was implemented and
that it succeeded. If the plan does not succeed, new plans are generated, and the cycle is
repeated [14].

The CO-OP was originally developed to improve functioning and participation in daily
activities for children with DCD [13]. Recent evidence has demonstrated the successful ap-
plication of this approach among children with additional NDDs such as learning disability
[LD], ASD, and ADHD [15]. Improvements in goal attainment, activity performance, and
transfer to untrained tasks were reported in studies involving children following acquired
brain injury (ABI), and in a systematic review of CO-OP interventions with children aged
0–18 years diagnosed with conditions such as DCD and ADHD, it showed evidence for the
intervention’s effectiveness [15,16]. Furthermore, evidence from a recent systematic review
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reinforces the added value of the CO-OP approach compared to other interventions. The
review emphasized that the transfer of learned skills is a realistic and attainable outcome
across different ages and populations following CO-OP training, with consistently higher
levels of transfer observed relative to control interventions. This focus on metacognitive
learning, client-driven goal setting, and generalization represents CO-OP’s added value in
comparison with traditional top-down or bottom-up interventions, making it particularly
relevant for pediatric populations with neurodevelopmental challenges [17,18].

The CO-OP approach is widely used in an in-person format in clinics with children
with NDDs [15]. However, access to in-person interventions is often limited due to barriers
such as geographical distance, shortage of trained professionals, and long waiting lists,
making it difficult for many families to receive timely services using this approach [19].
A possible solution is to provide service through telemedicine platforms to address these
issues [20].

Telemedicine is defined as accessibility to health services and clinical information
through the use of a variety of technologies [21]. Occupational therapy (OT) tele-
intervention is one of the services included in the American Telemedicine Association
[ATA] definition [22]. The use of telemedicine services is rapidly increasing in developed
countries because it appears to be cost-effective compared to traditional treatment methods,
and it offers additional benefits for patients, caregivers, and organizations [23,24]. Key bene-
fits for patients include improved access to services, especially for those living in peripheral
areas; the ability to perform intervention in a patient’s natural environment; increased
client service availability; and interaction between patients’ home-based caregivers [25,26].
In addition, tele-intervention may improve the caregiver’s sense of confidence and facilitate
the application of the clinician’s primary therapy goals [27].

Previous studies have indicated the utility of tele-intervention among children with
NDDs, as well as the responsiveness and satisfaction of their families [28], alongside its
complexity and barriers [29]. In addition, a few preliminary studies support the effective-
ness of tele-interventions for child development, but the evidence is insufficient due to the
small sample sizes, very short interventions, and low sensitivity of outcome measures [30].
Furthermore, the value of remote health services for child development has not been
sufficiently assimilated among the health professions, including OT [31,32].

Previous researchers have demonstrated the feasibility and effectiveness of the re-
mote CO-OP approach (tele-CO-OP) among diverse populations with chronic health con-
ditions and functional impairments, such as adolescents with spina bifida [33], cancer
survivors [34], and adults with acquired brain injuries [35]. However, to the best of our
knowledge, the feasibility and efficacy of tele-CO-OP for children with NDDs have not yet
been tested.

The rise in pediatric tele-intervention has created new opportunities to deliver
occupation-based interventions in children’s natural environments, increasing access and
enabling parent-mediated practice [25,36]. Despite growing evidence for tele-intervention
feasibility, there remains limited rigorous data on how cognitive-strategy-based approaches,
such as CO-OP, function when delivered remotely, and on the roles of family engagement
and digital literacy as mediators of outcome [16,37] The tele-CO-OP model adapts CO-OP
principles for remote delivery by incorporating simplified, developmentally appropriate
mnemonic supports, visual aids, and explicit parent scaffolding to enhance comprehension
and strategy application.

Therefore, the goal of this study was to investigate the feasibility, acceptability, and
preliminary efficacy of the tele-CO-OP approach among children aged 5–8 years with
NDDs. The specific research hypotheses were as follows:
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(1) Feasibility: The tele-CO-OP will be found to be applicable in terms of adherence
(the number of participants who complete the intervention program, and the number of
sessions completed).

(2) Acceptability: The tele-CO-OP will be found to be acceptable to the patients and
therapists, as indicated by questionnaires and insights from focus groups.

(3) Preliminary Efficacy: The tele-CO-OP will be found to be measurably effective in
improving the function and participation of children with NDDs.

2. Materials and Methods

2.1. Design

This pilot study employed a mixed-methods, quasi-experimental pre–post design
that integrated quantitative and qualitative approaches. The intervention phase served as
a preliminary step in preparation for a full-scale study and was complemented by post-
intervention focus groups. Mixed-methods designs are commonly used in pilot research to
inform the development of larger and more complex studies [38].

2.2. Participants

Using a convenience sampling, 26 children and their parents underwent baseline
assessments; out of this group, 14 children (71% boys) aged 5–8 (M = 6 years, 5 months,
SD = 1.1) and their parents completed the entire intervention. The recruitment was con-
ducted across child development centers in the southern region of Israel. The participants
were children who either had a confirmed diagnosis of NDD or were suspected to have an
NDD based on professional recommendation. The latter group included children referred
by parents or educational staff who had received a developmental evaluation by an occu-
pational therapist, indicating the need for further intervention. Inclusion criteria were as
follows: (a) Hebrew at a mother-tongue level; (b) child’s ability to identify at least three
functional difficulties, in order to set personal goals; and (c) availability of a computer/iPad
with a web camera and wireless connectivity in the child’s home. Exclusion criteria were as
follows: (a) children diagnosed with autistic spectrum disorder (ASD) or brain injury; and
(b) children with a primary diagnosis of a mental health disorder. These exclusion criteria
were defined due to the heterogeneity of functional profiles in these populations and the
cognitive–linguistic abilities required for meaningful participation in the CO-OP approach.

Following the pilot study, all the parents and OTs who took part in the study were
invited to participate in separate focus groups. Eventually, two focus groups of mothers
were conducted (n = 7) and a third focus group that included OTs (n = 5). The OTs were
all females, aged between 28 and 50 years, with professional experience ranging from 2 to
24 years.

2.3. Measures
2.3.1. Socio-Demographic Questionnaire and Clinical Data

Parents completed a brief sociodemographic questionnaire, providing information
about their child’s age, gender, family composition, and educational setting.

2.3.2. Therapist Feasibility Log

The OTs who conducted the intervention documented field notes following each
session, regarding the number and duration of the meetings performed. They also reported
the use of the key elements in the CO-OP approach to ensure the implementation of its
critical components as described in fidelity checklists [39].
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2.3.3. Parents as Partners in Intervention—Satisfaction Questionnaire [PAPI-Q; [40]]

This structured questionnaire, developed originally in Hebrew, was designed to assess
parental involvement with OT service, such as therapy procedures, session attendance,
and general parental satisfaction. In the current study, the parents as well as the OTs were
asked to fill out the questionnaire following the intervention to assess the acceptability of
the tele-CO-OP. The questionnaire includes 17 items ranked on a 1–5 Likert scale, with a
higher score indicating a higher level of satisfaction.

Cronbach’s alpha was good (α = 0.80), suggesting high internal reliability. Content
validity was established by a group of 12 OTs. Moreover, the PAPI-Q and the Canadian
Occupational Performance Measure (COPM) have been found to have a strong relationship,
with a significant positive correlation between parent satisfaction scores, which suggests
that both tools are measuring related aspects of the intervention experience [41,42].

2.3.4. Canadian Occupational Performance Measure (COPM), 5th Edition [41]

The COPM is a widely used, valid outcome measure in OT and specifically in de-
velopmental services, designed to measure the clients’ self-perceptions of their activity
performance, satisfaction with their performance, and changes over time. Participants,
in collaboration with their parents, were asked to identify personal and functional goals.
Thereafter, they were asked to rate their performance and their satisfaction on a scale of
1 to 10, where 10 indicates optimal performance and/or satisfaction. A clinically significant
difference is a minimum of a 2-point change in the COPM performance ratings [41]. Each
child completed the COPM performance and satisfaction ratings on an individual form
while their parent was present in the same room. The therapist facilitated the process to
ensure that children understood the questions and responded independently. Parents com-
pleted a separate COPM form reflecting their own perceptions of their child’s performance
and satisfaction. Psychometric properties include good predictive validity, which improves
therapists’ understanding of clients’ goals and enhances predictive outcome accuracy [43].
Furthermore, it demonstrates good test–retest reliability (0.80 on the performance scale for
1–2 weeks), sensitivity to change in many studies, and usefulness as an outcome measure
among various populations, including children [44].

2.3.5. Performance Quality Rating Scale [PQRS; [45]]

The PQRS is an observational measure of performance quality in client-selected,
personally meaningful activities that complements the COPM by assessing actual, rather
than perceived, performance of the identified goals. The PQRS was originally developed
for children with NDDs. The therapist scores each activity pre- and post-intervention, using
a 10-point performance rating scale between 1 (“unable to perform”) and 10 (“performs
well”). The instrument is commonly used in studies involving intervention according to
the CO-OP approach [11]. It has good inter-rater reliability (0.71–0.77) and good test–retest
reliability (>0.80). However, convergent validity with the COPM is inconsistent, and further
validation is required [46].

2.4. Focus Groups

Focus groups were conducted post-intervention to gather in-depth feedback on the
tele-CO-OP intervention. Two researchers with experience in facilitating focus groups and
qualitative data collection conducted the group sessions. Both were independent of the
intervention process to ensure objectivity. Using structured, open-ended questions, parents
and therapists were invited to reflect on their overall experience, including factors that
facilitated or hindered the process. This approach aimed to evaluate the acceptability of the
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intervention while also capturing participants’ perspectives to inform future refinement
and implementation of the tele-CO-OP model.

Example questions included the following: “Which component of the intervention
was most helpful in supporting the process?” (therapists’ focus group protocol) and “If
you were aware that two service delivery modes had equal effectiveness, which would you
prefer and why?” (parents’ focus group protocol).

2.5. Procedure

The research was conducted at the child development centers of Israel’s “Meuhedet”
HMO. Ethical authorization was obtained from the Israeli HMO—Meuhedet Health Ser-
vices (Israel) in 2017 (Ethical code: HMO #05-02-09-20).

Children who applied for OT service were screened for eligibility. Parents provided
written informed consent for their child’s participation, and children gave verbal assent in
accordance with ethical procedures. Baseline and post-intervention assessment sessions
(around 1 h each) were conducted in-person in the clinics by the same OT who provided the
intervention. In addition, focus groups were conducted post-intervention with parents and
therapists to obtain feedback regarding the tele-CO-OP intervention. They were facilitated
by researchers who did not conduct the intervention themselves and were conducted via
videoconferencing, recorded, and transcribed.

At the baseline assessment, each participant (with the parent) identified three to five
functional goals and rated the importance of each goal using the COPM. Three out of these
goals were practiced directly during the intervention (trained goals), while the two remain-
ing goals were untrained in order to allow an examination of the generalization transfer of
the strategies learned during the intervention to the other stated goals (untrained goals).

2.6. Intervention

The intervention protocol (Appendix A) was based on an adapted remote version
of the CO-OP approach [33,35], along with findings from a survey among OTs regard-
ing occupation-based tele-intervention [47]. The protocol included 12–15 weekly video-
conference sessions and was based on the CO-OP principles, without any changes in
the key elements of the approach [12]. The adjustments mainly involved the ther-
apy setting and environment organization (e.g., choosing the room, gathering required
tools, and reducing external stimuli). In addition, electronic tools (such as white-
boards and computerized games) were made available using the Poppins platform
(https://femi.com/technology/poppins-3/, accessed on 8 November 2025.), a secure
software licensed for use in Meuhedet HMO child development clinics.

The intervention was carried out by eight OTs who were trained by two senior occu-
pational therapists certified by the International Cognitive Approaches Network (ICAN)
and who served as study supervisors.

All OTs worked in child development clinics in Israel’s southern district and had
at least two years of experience. The OTs were further trained in the use of the research
instruments, as well as in the delivery of the treatment protocol. In addition to experience
in using the CO-OP approach, OTs underwent additional training that taught them the
adjustments needed for remote access.

As part of the first intervention session, the OT and participant reviewed the goals
and discussed them; then, the global problem-solving strategy (Goal-Plan-Do-Check) was
taught. In subsequent sessions, the OTs guided the participants in using this strategy to
discover their performance problems and develop specific strategies in order to improve
their performance and accomplish their goals. Examples of domain-specific strategies used
during the adapted version of the tele-CO-OP intervention are summarized in Table 1.
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Rather than providing solutions, the OTs facilitated this process by asking questions and
providing feedback.

Table 1. Domain-specific strategies (DSS) used to promote goal achievement.

Goal CO-OP Strategy Use Example

Organizing the required
equipment for school according

to the class schedule

Attention to doing
Therapist: How will you remember the required equipment
for each day?
Client: I will write the schedule on my board inside my room.

Task specification\modification Therapist: Where should you place your books?
Client: I can reach the lower shelf above the desk by myself.

Verbal-motor mnemonic
Therapist: How can we call the required stages of
this activity?
Client: Take out, choose, put in and checking.

Complete writing
assignment independently

Body position

Therapist: (demonstrate sitting bent over and away from the
table) What do you think about my sitting posture?
Client: Your back will hurt.
Therapist: What should I do?
Client: Approach the table and straighten your back.

Task specification\modification

Therapist: Which place will allow you enough space to study
with no other distractions?
Client: My brother and my room, near the desk with my
study equipment, while my brother is in the playroom.

Verbal-motor mnemonic

Therapist: (displays a group of letters) What do all these
letters have in common?
Client: They are all written in the same direction. A balanced
line from above and going straight down.
Therapist: Great. What do you think will be a proper name
for this group?
Client: The ceiling and the wall.

Eating a meal independently
using a spoon without dropping

the food

Attention to doing

Therapist: Demonstrate eating while standing and watching
television.
Client: You are spilling the food everywhere
Therapist: I didn’t notice, what should I do differently?
Client: Your mouth is very far from the plate. Maybe you
should sit down and watch the food instead the TV.

Task specification\modification

An observation on mealtime was performed and
recommendations were given by the occupational therapist,
such as the following: replace the chair (higher one), and use
a shorter spoon and a bowl instead of a flat plate.

Verbal–rote script
Therapist: How can we remember the sequence of all the
steps we need to do?
Client: Sit, closer, pick a little, and directly into the mouth.

At the beginning of the intervention, the therapist emphasized the crucial nature of
the caregiver’s involvement during the process: according to the CO-OP principles [14],
their role is to facilitate the execution of plans and generalizing strategies and skills in
daily routines. The parents’ expected involvement was further explained in two categories.
First was their role as an agent of change, to encourage their child to acquire problem-
solving abilities in various functions and relationships. Second was parental presence
during the technical aspects of the treatment, which included assisting with accessibility
as needed. Examples included helping the child use technological devices, changing
the camera angle when needed, making and sending videos, and organizing the home
environment. Occasionally, their supervision was necessary for safety reasons (e.g., cutting
food in the kitchen).

Since the CO-OP is a performance-based approach, some of the activities were per-
formed by the participants during the sessions. Whenever possible, the therapist observed
those activities performed in the participant’s natural environment via video conferencing.
Certain activities could not be performed online, because they required either another set-
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ting (e.g., a playground) or privacy (e.g., dressing themselves); the performance strategies
and plans for these activities were discussed during online sessions.

In addition, participants received a folder with pictorial aids for use in the sessions.
The visual symbols represented the “Goal-Plan-Do-Check” process, in order to make the
global strategy more accessible and easier to practice. The visual aids were divided into
boys’ and girls’ versions. In some cases, changes were made in the visual aids for cultural
adaptation, such as adhering to religious dress codes.

2.7. Data Analysis

The data analysis was performed using the SPSS software (Version 25; IBM Corp,
Armonk, NY, USA). Descriptions of sample characteristics were analyzed using descriptive
statistics. A nonparametric statistical (Wilcoxon) analysis for paired samples was used to
assess differences pre- and post-intervention (goals accomplished and changes in quality
of activity performance). The significance level for confirming the research hypothesis was
p < 0.05. Qualitative data were analyzed using a conventional content analysis method [48].
Researchers conducted a reflective process throughout the entire analysis regarding their
ideas, perspectives, and thoughts to ensure trustworthy findings. The process included
three researchers, all of whom had expertise in child development and remote intervention,
and two of them had prior experience in qualitative research, to strengthen the reliability
of the findings. One researcher performed the initial open coding of the focus-group
transcripts, after which two additional researchers independently reviewed and commented
on the emerging codes. The three researchers then met to discuss the coding, refine the
categories, and reach full agreement on the final themes.

3. Results

Of the 26 children who initially enrolled in the study, 14 completed the full tele-CO-OP
intervention (retention rate = 54%), aged 5–8 years (M = 6 years, 5 months; SD = 1.1); the
male–female ratio was 10:4. All fourteen children were born in Israel, and their family size
ranged from two to eight children (M = 3.86, SD = 1.91). All 14 children studied at regular
education programs, and half of them (n = 7) had participated in OT sessions before the
current study. The socio-demographic and clinical characteristics of the participants are
presented in Table 2.

Table 2. Socio-demographic and clinical characteristics of the participants (N = 14).

Characteristics N (%) Median (IQR)

Age 6.66 (6.04–7.81)
Gender

Girls 10 (71.43)
Boys 4 (28.57)

Fathers
Age (years:months) 38:6 (32–42)
Education (years) 15 (12–16)

Mothers (years)
Age (years:months) 39:6 (35–45)
Education (years) 16 (15–16)
Number of children in the family 3 (2.75–5.25)
Native language

Hebrew 10 (71.43)
Bilingual 4 (28.57)

3.1. Feasibility

A flow diagram provides details regarding the process of recruitment and intervention
(see Figure 1). All the children had been referred to one of three child development centers;
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they were screened for eligibility during a recruitment period of six months. A total of
62 children and their families were found to be suitable and were invited to participate in
the study. Of these, 42% (26/62) agreed to participate and started the procedure. Fourteen
of the 26 participants completed the 3-month tele-CO-OP program (A retention rate of
54%). Dropouts occurred after 1–6 sessions. The main reasons for discontinuing were as
follows: (a) child’s lack of motivation to participate in the intervention (e.g., preference
for playing with other toys in the room, limited interest in the treatment activities or
conversations, or preference for in-person sessions among children with previous face-to-
face therapy experience); (b) parent’s lack of involvement during sessions and training
(e.g., being occupied with household tasks or other siblings, or having difficulty practicing
and integrating the strategies at home between sessions); and (c) technological issues (e.g.,
difficulties logging into the platform, unstable internet connection, or poor audio quality).

Figure 1. Flow diagram of the study enrollment, evaluation, intervention, and analysis.

Participants altogether defined, using the COPM, 64 basic activities from which were
derived participation goals (trained and untrained). They covered three main life domains:
(a) self-care (n = 16; 25%), for example: eating a meal independently, using a spoon without
dropping the food, or getting dressed independently in the morning; (b) productivity in
education (n = 40; 62.5%), for example, organizing the required equipment for school,
according to the class schedule; and (c) leisure (n = 8; 12.5%), for example, playing chess
with a brother, or riding a bicycle independently at the playground. It should be noted that
all participants chose at least one education productivity goal.

3.2. Acceptability

Acceptability of the intervention was based on a post-intervention satisfaction ques-
tionnaire (PAPI-Q). Overall, both parents and OTs expressed high satisfaction with tele-
intervention, although the parents reported higher satisfaction. On a scale of 1–5, the
average PAPI-Q score was 4.34 ± 0.47 for parents and 4.17 ± 0.53 for occupational thera-
pists (Table 3). Eleven parents (84.6%) and seven therapists (50%) expressed high to very
high satisfaction (4–5) with the intervention in general (item 17).

Beyond quantitative satisfaction ratings, a qualitative content analysis was performed
to reflect the perspectives of both parents and therapists and to gain insight into their
subjective experiences with the intervention process. Three primary themes emerged
from the combined analysis of all focus groups. The first theme was Parents’ engagement.
Participants in all groups indicated that the presence and active participation of parents
were necessary conditions for the intervention to succeed. Several parents reported that
they learned about their child’s needs this way and felt obligated to remain involved during
and between meetings. For example: “Parental involvement was crucial. They need to
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be involved in every aspect of the session, including documenting, photographing, and
listening to what the therapist says.” (Parent 2). A similar perspective was echoed by the
occupational therapists in their focus groups, who emphasized that parental presence and
trust were essential for both the therapeutic process and its continuation at home. As OT 3
noted, “Relationship with parents was highly meaningful because, without their presence,
therapy would not have been possible. In my opinion, the trust of the parent in us, in the
therapeutic process, and in its significance in the room to conduct the session and continue
the practice at home was fundamental.”

Table 3. Descriptive statistics of parents’ and therapists’ satisfaction with the tele-CO-OP.

PAPI-Q Statements
Parents
M (SD)

Occupational Therapists
M (SD)

Did the number of sessions match the child’s needs? 4.38 (0.65) 4.43 (0.51)
Did you feel like a partner in the process? 4.54 (0.66) 4.82 (0.40)

Did the child participate in most of the sessions? 4.77 (0.60) 4.64 (0.74)
Did you/the child and his parent practice at home

according to the guidance? 4 (0.58) 3.69 (1.18)

In your opinion, did you/the parent acquire tools to
implement with other difficulties? 4 (1.00) 3.89 (0.60)

General satisfaction with the therapeutic process. 4.38 (0.77) 3.71 (0.99)
Satisfaction with the topics the therapy dealt with. 4.36 (0.46) 4.08 (0.76)

Total 4.34 (0.47) 4.17 (0.53)

The second theme was ecological intervention. Developmental treatments are often
performed in clinics, which simulate “laboratory conditions”. Thus, remote treatment in
the participants’ homes provided a new therapeutic environment. It was noted positively
by many therapists that the tele-intervention enables working on goals that are relevant
to daily activities using tools and methods the child is familiar with. As OT 2 described,
“I strongly believe in it (therapy in the natural environment) because, in the clinic, there
are controlled conditions. However, being in their home, it allowed us to see the family
in their own space. We could understand their living conditions, explain and adapt the
environment based on their changing needs.” At the same time, therapists described
difficulties in delivering the intervention in the home environment, such as coping with
distractions and having no control over the treatment conditions. OT 3 explained that,
“for some, distractions occur, such as siblings entering and leaving the room, wanting to
show things, or being in different parts of the house. Thus, therapy becomes dynamic and
unpredictable. As a therapist, you become limited beyond the screen, posing a significant
challenge.” Parents, however, also described the home environment as an opportunity
for meaningful preparation and adaptation. For instance, Parent 2 noted that “As part of
our preparation, we organized our environment. Our therapist asked us to see our home
first, explaining how adjustments could be made. She helped us understand how to create
the optimal environment for our child. Additionally, we were asked to prepare specific
materials before each session. It wasn’t complicated, and we came prepared.”

The third theme was technological literacy. Infrastructure and technological platforms
were mentioned by participants with differing opinions. Some reported that the platform
served the therapist and the patient’s needs. Parent 4 noted that, “It (the software) was very
user-friendly, and we did not encounter many issues. There were games and interesting
tools included in the software that my child eagerly looked forward to”. While others
found it difficult to learn, use, and operate the technology. Apart from platform type, many
OTs mentioned the need to gain more in-depth knowledge, understanding, and proficiency
with technological tools. For example, one person said that, “It was challenging to conduct
the session many times because the technology didn’t work as it should. Even a slight
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interruption in the internet made it challenging. I found it to be extremely challenging.”
(OT 4).

3.3. Preliminary Efficacy

Changes before and after the intervention were measured by the COPM and were
analyzed using the Wilcoxon signed-rank test, including effect sizes. The results are shown
in Table 4. Significant improvement was found in performance and satisfaction ratings
reported by the child and the parent, for both trained and untrained goals. Further analysis
of the results demonstrated a clinically significant improvement (≥2 points) in the COPM
performance scale relating to 80% and 73.68% of the individual goals practiced during
treatment, as reported by children and parents, respectively.

Table 4. Changes over time from baseline to post-intervention in the COPM and PQRS.

Measures
Pre

Median (IQR)
Post

Median (IQR)
Z P r (ES)

COPM—performance

Child (trained goals) 5 (3.29–6.08) 9 (8.1–9.75) −3.279 0.001 −0.881
Child (untrained goals) a 5 (4–6) 8.5 (7.5–10) −2.937 0.003 −0.885
Parent (trained goals) 4.83 (3.83–5.67) (7.17–8.69) −3.062 0.002 −0.818
Parent (untrained goals) a 6.5 (5.5–7) 8.5 (6.5–9) −2.392 0.017 −0.721

COPM—satisfaction

Parent (trained goals) 5 (3.08–5.81) 9.17 (8.1–10) −3.185 0.001 −0.851
Parent (untrained goals) a 6.5 (4.5–6.5) 9 (8–10) −2.606 0.009 −0.786
PQRS (trained goals) 4.58 (3.25–5.5) 8 (7.67–8.54) −3.298 0.001 0.881

Notes. An effect size (r) was calculated from the z value of the Wilcoxon signed-rank test (r = z/
√

n) and can be
interpreted as a small (r ≤ 0.10), medium (r = 0.30), or large (r ≥ 0.50) effect size. a n = 11.

Similar results were also found on the COPM satisfaction scale, which showed clin-
ically significant improvement in 85% of the goals practiced, according to the parents’
reports. Children’s responses on the satisfaction scale were not analyzed due to their
consistent difficulty in distinguishing between the scales of the COPM. In addition, another
clinically significant improvement (≥2 points) was found on the PQRS scale between pre-
and post-intervention, with large effect sizes (see Table 4).

The sample size required for a future study was calculated based on the results of the
current (pilot) study we recently conducted. In order to estimate sample size, we relied on
the largest conservative effect size found in our primary outcome results (COPM; ES = 0.88)
with a two-sided significance level of 0.05 and power of 80% with equal allocation to two
arms. According to this calculation, a minimum sample size of 22 participants in each
group is required. Following the results of the pilot study, we expect a dropout rate of
about 20%; therefore, we decided to recruit 27 participants for each study group.

4. Discussion

The current study assessed the feasibility, acceptability, preliminary efficacy, and
implementation barriers and facilitators of the CO-OP approach in a tele-intervention
format for children with NDDs. Our findings indicated that tele-CO-OP was feasible and
acceptable among parents and OTs. In addition, the study provided preliminary evidence
for the intervention’s efficacy, as demonstrated by significant clinical improvements in
both trained and untrained functional goals. Furthermore, the qualitative analyses of the
focus groups revealed three overarching themes that informed meaningful refinements
and adaptations to the intervention.
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4.1. Feasibility

In terms of adherence, 54% of the participants completed all sessions of the tele-CO-OP
as required by the research protocol. The retention rate in the current study compares
favorably to those reported in a systematic review of 23 tele-intervention studies conducted
by healthcare providers among children with disabilities, where the highest reported
retention rate was 40% [49]. Despite being consistent with previous reports, these findings
highlight the ongoing need for future research to better understand and improve adherence
in pediatric tele-interventions.

4.2. Acceptability

High levels of satisfaction were reported by the parents, demonstrating the accept-
ability of the protocol. These findings are consistent with previous studies. For example, a
survey found that the majority (80.5%) of parents or caregivers of children with NDDs were
satisfied with tele-interventions conducted by health professionals during the COVID-19
pandemic [50]. Even though therapists were generally satisfied with tele-interventions,
their satisfaction levels were slightly lower than those of parents. Previous studies have
found that the major factor affecting therapists’ satisfaction and confidence with remote
services is their previous experience [51,52]. Therefore, the small gap in our study can be
explained by the fact that they were first-time users of a tele-intervention [53]. In addition,
the lack of a therapist’s previous experience with tele-interventions in the present study
might also influence the dropout rate. These findings highlight the need for future research
to further explore the relationship between therapists’ prior experience, confidence, and en-
gagement in tele-intervention, as well as the types of support or training that may enhance
their satisfaction and sustain participation over time.

The implementation of the tele-CO-OP protocol revealed several key facilitators and
barriers that emerged from the focus groups, many of which align with findings from
the recent literature [12,29,54,55]. One notable facilitator was active parental engagement,
which was identified in our focus groups as a critical component for successful intervention.
As mentioned in other studies, pediatric tele-interventions are most effective when clients
and their primary caregivers (usually parents) are empowered and guided remotely by
OTs [54]. Implementing tele-intervention, as was performed in this study, includes parental
and child involvement (a key recommendation in the CO-OP approach) [12]. Similar
findings were reported by Steinberg et al. [29], who found that parents who embraced a
more central role in remote sessions contributed significantly to reconstructing therapeutic
conditions at home. Furthermore, low parental involvement emerged as a barrier, which
is consistent with a systematic review by Jimenez-Arberas et al. [55], who found that
reduced caregiver availability was associated with lower fidelity and completion rates in
tele-intervention.

Another strong facilitator identified in our study was the ecological validity of con-
ducting therapy in the child’s natural environment. Therapists emphasized that delivering
sessions at home enabled them to address authentic, everyday challenges using familiar
materials and routines. This finding is consistent with Steinberg et al. [29], who, in their
qualitative study of telehealth in pediatric rehabilitation, described “home as a new thera-
peutic opportunity,” highlighting how the home environment can expand the relevance
and meaningfulness of intervention. At the same time, therapists in our study also noted
practical challenges, including limited physical space, background noise, and competing
household stimuli, all of which disrupted the traditional structure of therapy and occa-
sionally hindered session flow. Similar limitations were reported by Buitrago et al. [56],
who found that household distractions and privacy concerns require careful planning and
adaptation in order to optimize remote intervention.
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A third influential factor was technological literacy. While some participants adapted
easily to digital platforms, others, especially therapists new to tele-intervention, expressed
discomfort or a lack of confidence. Similar concerns were widely reported in the literature,
with therapists frequently describing technology-related stress as limiting their ability to
focus on therapeutic content [29]. These insights support calls for formal training and
digital competence development as a prerequisite for effective implementation.

Taken together, these findings underscore the importance of thorough pre-intervention
preparation. This includes providing parents or primary caregivers with an initial orienta-
tion, clear guidance, and setting their expectations regarding their role during and between
sessions. In addition, technical training on the tele-intervention platform should be offered
to both parents and therapists, accompanied by ongoing technical support throughout the
intervention process. Regarding the home environment, preparatory steps should focus
on organizing the physical space, anticipating and managing potential distractions, and
ensuring the availability of appropriate equipment and environmental adaptations.

Integrating these elements may enhance a future implementation’s fidelity and sus-
tainability of tele-intervention services in pediatric rehabilitation.

4.3. Preliminary Efficacy

Improving daily activity performance and participation is a highly desired outcome
in pediatric OT intervention [57]. Accordingly, the primary outcome in our study was
perceived performance change and satisfaction relating to participant-chosen functional
goals. Despite the small sample, significant statistical and clinical improvements were
found in individual functional goals post-intervention. These results are in line with
previous systematic reviews and studies that evaluated the efficacy of tele-interventions
among children with a variety of disabilities [32,37,58–60]. Our results are also in line with
previous studies that evaluated the efficacy of the traditional in-person CO-OP approach
among children with NDDs, as well as the use of tele-CO-OP among other populations [34,35].
Capistran and Martini’s study [61], for instance, found similar percentages of goals in
which children reported a significant improvement according to the COPM.

In the current study, gains were found in untrained goals, as reported by both parents
and children. Our results were similar to those in previous CO-OP studies among children,
showing significant improvements not only in trained goals but also suggesting transfer
to untrained activities and everyday contexts [62,63]. This confirms that the principles
of the CO-OP were designed to allow generalization of the results and transfer to other
performance challenges, specifically the metacognitive nature of the approach and the
emphasis on generalization and transfer to the child’s natural environment during the ses-
sions. Consequently, participants will be able to use global and domain-specific strategies
on their own in a broad range of situations [64].

4.4. Limitations and Future Study

Study limitations should be taken into account when interpreting the results. First,
these analyses were exploratory, and the sample size was small and relatively homogeneous,
as participants were recruited from a specific region in the country. Furthermore, this was
a pilot study without a control group, so we cannot necessarily attribute the improvements
exclusively to the intervention. Nonetheless, since no other OT service was provided during
the intervention period, we can assume that the improvement in activity performance was
caused at least in part by the intervention being evaluated. In future studies, we recommend
including a larger and more diverse sample, as well as a control group, to strengthen the
validity of the findings and confirm this assumption.
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Additionally, we included a heterogeneous group of participants with NDDs who had
different functional difficulties, while excluding children with ASD, brain injury, and a
primary diagnosis of mental health disorders. However, we recommend that future studies
change the inclusion criteria to be based on functional profile rather than on etiology.

A further limitation of this study relates to the research measures employed. All
outcome measures were subjective in nature, relying on the perspectives and self-reports
of the children and their parents. Moreover, these evaluations were administered by the
same therapists who delivered the intervention, which may have introduced potential
bias. To address these limitations, future studies should incorporate objective assessment
tools capable of capturing specific changes in body functions (e.g., executive functions)
as a result of the intervention. In addition, outcome evaluations should be conducted by
independent therapists, separate from those delivering the intervention, to minimize the
risk of bias and strengthen the validity of the findings.

5. Conclusions

Based on the findings gleaned from the pilot study, tele-CO-OP for children with NDDs
appears to be feasible and has potential efficacy in improving occupational performance to
attain participants’ functional goals. Our study contributes to the growing body of evidence
supporting the use of tele-intervention as a valuable supplement to in-person interventions,
overcoming accessibility barriers and the limited availability of services in remote areas.
However, issues have arisen during the focus groups that require attention and adjustment
for applicability and scalability. Consequently, a specialized panel was convened for expert
discourse, leading to modifications to the protocol, such as the following: (1) The necessity
for promoting parental involvement in the therapeutic process; (2) the incorporation of
occupational performance coaching [OPC; [65]] as the foundation of the intervention; and
(3) adding the parenting sense of competence [PSOC; [66]] as an outcome measure.

In the long run, it can be assumed that integration of accessible and effective services
in child development centers will help reduce the burden on families and promote their
functioning. Building on these findings, future research can now be conducted through
randomized controlled trials with adequately powered sample sizes to rigorously establish
the effectiveness of the tele-CO-OP approach.
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Abstract: Background/Objectives: Spinal Muscular Atrophy (SMA) is a genetic neurode-
generative disease characterized by severe muscle weakness and atrophy. Advances in
disease-modifying therapies have dramatically changed the natural history of SMA and
the outcome measures that are used to assess the clinical response to therapy. Standard
assessment methods for SMA are limited in their ability to detect minor changes in fine
motor abilities and in patients’ daily functions. The aim of this pilot study was to eval-
uate the feasibility and preliminary use of the Touchscreen-Assessment Tool (TATOO)
alongside standardized tools to detect changes in upper extremity motor function among
individuals with SMA receiving nusinersen therapy. Methods: Thirteen individuals with
genetically-confirmed SMA, aged 6–23 years, eight with SMA type 2, and five with SMA
type 3, participated. The patients continued the maintenance dosing of nusinersen during
the study period. They were evaluated at the onset of the study, then twice more at intervals
at least six months apart. Upper extremity functional assessments were performed via the
TATOO and standardized tools: the Hand Grip Dynamometer (HGD), Pinch Dynamometer
(PD), Revised Upper Limb Module (RULM), and Nine-Hole Peg Test (NHPT). Results:

Significant changes in fine motor function were detected using the TATOO together with
other standardized tools. Participants demonstrated notable improvements in hand grip
strength and fine motor performance, as measured by the NHPT. The RULM results were
not statistically significant for the total study group, particularly in ambulatory patients
with SMA type 3. TATOO provided detailed metrics, and revealed enhancements in accu-
racy and speed across various tasks. However, given the small sample size, the lack of a
control group, and the lack of baseline assessment before receiving therapy, these findings
should be considered preliminary and exploratory. Conclusions: The findings suggest that
the TATOO, alongside traditional assessment tools, offers a sensitive measure of fine motor
function changes in patients with SMA. This study highlights the potential of touchscreen-
based assessments to address gaps in current outcome measures and emphasizes the need
for larger, multicenter studies that will include pre-treatment, baseline, and control data.

Keywords: spinal muscular atrophy; hand function; upper extremity motor function;
Touchscreen Assessment Tool
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1. Introduction

Spinal muscular atrophy (SMA) is a rare autosomal recessive neuromuscular disease
characterized by the progressive loss of motor neurons, and the subsequent atrophy of
skeletal muscles and muscle weakness. The phenotypic spectrum is classically categorized
into four subtypes according to the age of onset and the maximum motor milestone
achieved. However, the classification has evolved to focus on milestone achievements
(non-sitters, sitters, walkers) to better tailor interventions [1,2].

Prior to the development of gene- and RNA-based therapies, treatment for SMA largely
consisted of supportive therapies including non-invasive ventilation and enteral feeding
when the disease progressed. In recent years, disease-modifying therapies, including
nusinersen, risdiplam, and onasemogene abeparvovec, have dramatically altered the
course and outcomes of the disease. These advances have created a growing need for
outcome measures that are sensitive to subtle motor changes and applicable across the
SMA spectrum, in both adolescents and adults.

Clinical tools used to evaluate shifts in motor function in individuals with SMA focus
on the physical examination of the range of motion of the musculoskeletal system and on
related functional impairments. In addition, strength and timed tests are used to monitor
aspects of function that reflect activities of daily living [1]. Assessment tools, such as
the Revised Upper Limb Module (RULM) and Hand Grip Dynamometer (HGD) that
were standardized before the emergence of current therapies, are still in use despite their
limitations [3–9]. For example, the RULM is limited by a ceiling effect—meaning that, in
patients with relatively preserved upper limb function, such as many with SMA type 3,
changes in fine motor skills cannot be reliably detected [9,10]. Hand-held dynamometers
provide quantitative measures of strength but do not reflect the complexity of fine motor
skills [11]. The Nine-Hole Peg Test (NHPT) has been widely used as a standard tool for hand
function assessment, including for various muscular atrophy conditions, whilst its revised
version has been found to be more sensitive to upper extremity (UE) fatigue. Thus, it
achieves better validation for assessing changes in dexterity in the SMA population [12,13].
Through the course of SMA treatment, individuals may undergo apparently minor changes
in UE fine motor skills, which are undetected by traditional assessment methods, but may
significantly impact daily functioning [10,14,15].

To address the gap in the functional assessment of fine motor skills for patients
with neuromuscular disorders, a member of our team (A.D.S.) developed a Touchscreen
Assessment Tool (TATOO) [16–18]. TATOO comprises multiple tasks, each designed to
provide objective data on the performance of distinct functional components and motor
skills necessary for touchscreen interaction [17]. Subsequent research has demonstrated the
effectiveness of TATOO as an assessment tool for fine motor skills in diverse populations,
including elderly individuals and children. Its applicability to individuals with type
2 diabetes mellitus is currently being investigated [15,18]. However, the tool has not
been systematically studied among individuals with neuromuscular diseases like the
SMA population.

The aim of this study was to evaluate the feasibility and preliminary use of TATOO
alongside standard functional assessment tools to detect even subtle changes in UE motor
function among individuals with SMA undergoing nusinersen therapy. We aimed to
test three hypotheses. First, we hypothesized that the UE functional assessment via the
TATOO application, along with standard assessment tools, including the HGD, the Pinch
Dynamometer (PD), and the NHPT, would detect changes in functional motor skills.
Second, we hypothesized that the RULM would not detect significant UE functional
changes over the study period. Third, we hypothesized that correlations would be apparent
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between the standardized fine motor assessment tools (HGD, PD, and NHPT) and the
TATOO assessment.

2. Methods

2.1. Study Design and Participants

This was a prospective pilot study conducted during the period 2020–2022 at the
multidisciplinary neuromuscular clinic of Schneider Children’s Medical Center of Israel.
As an exploratory study, no formal power calculation was performed. We aimed to assess
the feasibility and to generate preliminary data for larger studies. The inclusion criteria
were (1) genetically confirmed 5q SMA; (2) SMA type 2 or 3; (3) age ≥ 3 years; and (4) the
ability to participate in standardized assessments. All participants received nusinersen
therapy prior to study initiation and continued maintenance dosing every four months
during the study period as part of standard care in our clinic. The patients were both
ambulatory and non-ambulatory. The study population reflected the demographics of
our clinical population, including individuals speaking Hebrew, Arabic, and Russian as
their native tongues. Patients with comorbidities that could influence motor, sensory, and
cognitive functions were excluded.

Written informed consent was obtained from all participants. The study was approved
by the hospital review board (RMC-0031-20). All patients were evaluated during regularly
scheduled clinic visits. Demographic and clinical data recorded at every visit included age,
gender, SMA type, functional level, and dominant hand. Hand dominance was determined
by asking participants about their preferred hand for daily tasks such as eating and writing,
rather than by performing a standardized assessment. Each participant completed the
standard assessments of UE gross and fine motor functions and the TATOO assessments
of UE fine motor function, as detailed below. The participants underwent a total of three
evaluation sessions: at the initiation of the study, at eight months (±2 months), and at
17 months (±5 months).

2.2. Assessment Tools
2.2.1. Standard Assessment Tools for UE Function

The standard assessment tools included the HGD, PD, NHPT, and the RULM.
Two types of hand grip were assessed. Hand Grip Dynamometer (HGD) was assessed

to measure hammer grip and lateral pinch strength using a calibrated JAMAR device,
following the American Society of Hand Therapists protocol. These tasks were selected as
they are reliable indicators of overall hand strength, and are feasible in individuals with
SMA and variable abilities. Pinch Dynamometer (PD) was assessed to quantify precision
pinch strength [3–5]. The NHPT was used to assess manual dexterity, defined as the ability
to manipulate small objects via finger coordination in a timely manner. The test is scored
by the number of seconds required to place nine pegs in a pegboard and then to remove
them from the pegboard, first using the dominant then the non-dominant hand [6,7].

The RULM includes 19 items that correlate various proximal and distal UE functions.
Each item is scored as 0 (unable), 1 (able, with modification), or 2 (able, no difficulty) [9,19].
All the assessments were conducted by an experienced occupational therapist and physi-
cal therapist.

2.2.2. The Touchscreen Assessment Tool

TATOO provides an objective measure of the abilities required to use a touchscreen
tool [16,17].

In the current study, the participants performed each of the seven following tasks:
(1) touch and tap the entire screen area; (2) touch and tap all the corners; (3) double tapping;

42



Children 2025, 12, 1378

(4) tap on static and moving objects accurately; (5) drag objects in all directions; (6) drag
objects along straight horizontal paths; and (7) pinching (Figure 1).

Figure 1. TATOO tasks. (A) touch and tap all corners; (B) double tapping; (C) tap on static and
moving objects accurately; (D) drag objects in all directions; (E) drag objects along straight horizontal
paths; and (F) pinching.

Performance on each task is summarized by numerical and graphical reports of the
temporal metrics and accuracy metrics. The temporal metrics (in seconds) include reaction
time, task duration, touch time (the total time in seconds during which the finger touches
the screen surface), and flight time (the time in seconds during which the finger does not
touch the screen surface). The accuracy metrics include the number of taps, drag attempts,
drag completed successfully, and touch outside (the number of errors) [18]. As TATOO is a
novel tool in SMA, this study focused on feasibility and sensitivity, and not on reliability
and construct validity, which should be investigated in future studies.

2.3. Statistical Analysis

The data were analyzed using SPSS® version 27. Descriptive statistics were used to
summarize demographic and clinical data. The normality of data distribution was assessed
using the Shapiro–Wilk test. As most variables did not meet the assumption of normality,
and due to the small sample size (n = 13), we employed non-parametric tests throughout
the analysis.

First, we evaluated the differences in the performance of the participants’ right and
left hands during the first assessment to scrutinize whether hand dominance influences per-
formance. Second, we assessed the changes between the first and last assessments for each
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outcome measure. Due to the exploratory nature of this pilot study, multiple comparisons
were not corrected. Instead, emphasis was placed on the effect size, which was calculated
as r = Z/

√
N to quantify the magnitude of observed changes. Interpretations were based

on Cohen’s criteria (small: r = 0.1–0.3, moderate: r = 0.3–0.5, large: r > 0.5). We report both
statistically significant findings (p ≤ 0.05) and statistical trends (0.05 < p < 0.10). These are
accompanied by moderate-to-large effect sizes, which may indicate clinically meaningful
changes warranting investigation in further studies. Spearman’s rank correlation coefficient
test was used to examine the correlation between the parameters of standardized fine motor
tools (HGD, PD, NHPT), assessed separately for each hand.

3. Results

A total of 16 individuals with SMA were recruited. After excluding three individuals
due to missed evaluations, the participants included 13 individuals aged 6–23 years. Eight
were diagnosed with SMA type 2 and five were diagnosed with SMA type 3. Their clinical
and demographic characteristics are shown in Table 1.

Table 1. Clinical and demographic characteristics of the patients, n = 13.

Variable Total Patients

Age, years
Mean (SD) 14.1 (±5.81)

Median (p25–p75) 15 (7.9–19.15)
Gender, n (%)

Male 6 (46.2)
Female 7 (53.8)

SMA type, n (%)
Type 2 8 (61.5)
Type 3 5 (38.5)

SMN2 copy number, n
3 10
4 3

Dominant hand, n (%)
Right 11 (84.6)
Left 2 (15.4)

Ambulatory, n (%)
No 8 (61.5)
Yes 5 (38.5)

SMA: spinal muscular atrophy.

3.1. Comparison of Right- and Left-Hand Performance

At the first assessment, no significant differences were found between right- and
left-hand performance across all the standard assessment tools. Based on this finding,
subsequent statistical analyses were conducted without stratification by hand dominance
but only for right–left performance disparities.

3.2. Comparison Between First and Last Assessments—Standard Tools

Longitudinal analysis revealed significant improvements in several standardized
measures of upper limb function. HGD increased significantly in both hands (z = −2.76,
p < 0.01).

Manual dexterity, as measured by the NHPT, showed asymmetric improvement
patterns. The left hand demonstrated statistically significant improvement with a reduced
task completion time (median change from 28.35 to 23.03 s; Z = −2.22, p = 0.026, r = 0.67).
The right hand paradoxically showed a slight increase in completion time, though this
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change was not statistically significant (Z = −1.69, p = 0.09, r = 0.51). Despite the lack of
statistical significance, the large effect size suggests potential clinical relevance requiring
further investigation.

Pinch strength measurements assessed by PD revealed minimal changes, with only
the right hand showing a trend toward improvement (Z = −1.34, p = 0.18, r = 0.37). This
represents a moderate effect size without reaching statistical significance (See Table 2).

Table 2. Comparison between participants’ first and last assessments using standard tools.

Variable Hand
First As-
sessment

Last As-
sessment

Z
Effect
Size

Relative
Size

Mdn. Mdn.

HGD (kg) R 4.65 6.05 −2.76 ** 0.80
L 4.50 5.75 −2.76 ** 0.80

PD (kg) R 1.7 1.9 −1.34 + 0.37 Moderate

L 1.6 1.1 −0.42 0.12

NHPT
(sec.) R 22.90 23.32 −1.69 + −0.51 Large

L 28.35 23.03 −2.22 * 0.67
* p < 0.05, ** p < 0.01, + Clinical change without statistical significance. The relative effect size was added: small
(r = 0.1–0.3), moderate (r = 0.3–0.5), large (r > 0.5). Mdn. = median score. HGD = Hand grip Dynamometer,
PD = Pinch Dynamometer, NHPT = Nine-Hole Peg Test, R = Right Hand, L = Left Hand. Kg = kilograms,
sec. = seconds.

3.3. Comparison Between First and Last Assessments Using TATOO

Using the TATOO application, significant improvements were observed primarily in
right-hand performance for both temporal metrics and accuracy metrics across the various
tasks. The temporal metrics improved markedly. The median reaction time decreased by
19% (from 3.14 to 2.54 s, z = −2.97, p < 0.01). The median flight time decreased by 18% (from
9.49 to 7.79 s, z = −3.11, p < 0.01). The median test duration decreased by 20% (from 14.24
to 11.44 s, z = −2.04, p < 0.01). The accuracy metrics also improved. The median number
of errors of touch outside the desired area decreased by 78% (from 1.29 to 0.29, z = −1.43,
p < 0.05). The total drag attempts decreased from 10 to 9 (z = −2.02, p < 0.05). Metrics
such as touch time, the number of taps, and the number of drags completed successfully
demonstrated moderate effect sizes despite not reaching statistical significance (Table 3).
This suggests potential clinical relevance in a larger sample.

In contrast to the above, fewer significant improvements were observed with left hand
performance. A significant reduction by 10% was observed only in reaction time, from 2.77
to 2.47 s (z = −2.27, p < 0.05). This asymmetric pattern may reflect differential use in daily
activities or in hand-specific therapeutic responses. Other left-hand metrics—including
flight time, task duration, and accuracy-related variables, demonstrated small to moderate
effect sizes without statistical significance. This highlights consistent trends but requires
confirmation in future studies (see Supplemental Table S1).
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Table 3. Comparison between participants’ first and last assessments using the TATOO application.

Variable Hand
First

Assessment
Last

Assessment
Z Effect Size Relative Size

Mdn (IQR) Mdn (IQR)

Reaction time (sec.) R 3.14 (1.14) 2.54 (0.73) −2.97 ** 0.82
Flight time (sec.) R 9.49 (2.01) 7.79 (2.18) −3.11 ** 0.86
Touch time (sec.) R 4.14 (1.68) 4.00 (1.23) −1.22 + 0.33 Moderate

Test duration (sec.) R 14.24 (4.23) 11.44 (3.32) −2.04 ** 0.84
Number taps (n) R 138 (63.50) 132 (63.50) −1.26 + 0.35 Moderate
Touch outside (n) R 1.29 (2.36) 0.29 (0.64) −1.43 * 0.67
Drag completed
successfully (n) # R 8 (0) 8 (0) −1.41 + 0.39 Moderate

Total drag attempts (n) R 10 (2.50) 9 (0.50) −2.02 * 0.56
* p < 0.05, ** p < 0.01, + Clinical change without statistical significance. Relative effect size was added.
Mdn = median score, IQR = interquartile range. R = right, L = left, sec. = seconds, n = number. # The me-
dian score range in the first assessment was 1 (7–8), and in the last assessment was 0 (8–8).

3.4. Comparison Between First and Last Assessments—RULM

The first and last RULM assessments showed contrasting patterns between the SMA
total group and the SMA subtypes. Considering all the participants analyzed, the RULM
results revealed no statistically significant differences (z = −1.44, p = 0.15) although a
moderate effect size (r = 0.4) showed a trend of change. The first median score was 26
(interquartile range [IQR]: 13.5–36.5) compared with 24 (IQR: 14–37) at the last assess-
ment. Subgroup analysis revealed important distinctions. Participants with SMA Type 2
demonstrated a statistically significant improvement, with median scores increasing from
16 to 18 points (Z = −2.39, p = 0.02), representing an 11% gain in upper limb function.
This improvement is clinically meaningful in this population in which first-time function
is limited.

In contrast, participants with SMA Type 3 showed no measurable change (first time
median 36.5/37, final 37/37; Z = −1.07, p = 0.29).

These findings underscore the RULM’s variable utility, namely its appropriateness for
monitoring Type 2 patients with moderate impairment, and inadequacy for Type 3 patients
who approached maximum scores.

3.5. Correlations Between Standardized Tools and TATOO

Finally, we examined the correlations between measurements of standardized fine
motor tools and TATOO for both hands. In the right hand, the parameter “number of
taps” of the first task (“Touch all screen areas”) correlated significantly with HGD (r = 0.81,
p = 0.01) and PD (r = 0.74, p = 0.02). This suggests that tap frequency reflects the underlying
force generation capacity. As expected, tap frequency correlated negatively with NHPT
(r = −0.63, p = 0.03), indicating that faster tapping corresponds to better manual dexterity.

For both hands, the “pinch ability” task duration showed strong correlations with
NHPT performance. For the right hand, rs = 0.67, p = 0.02. For the left hand, rs = 0.90,
p < 0.001. This particularly strong left-hand correlation suggests that TATOO’s pinch task
captures similar fine motor control demands as traditional pegboard tasks.

Taken together, these findings provide the preliminary evidence of convergent validity
for TATOO, as the temporal and accuracy-based measures demonstrate consistent associa-
tions with the established fine motor performance tools. A comprehensive overview of all
correlation analyses is provided in Supplemental Table S1.
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4. Discussion

To date, only a few studies have evaluated innovative tools to assess fine motor skills
or dexterity in the SMA population, particularly in individuals undergoing treatment [14].
This raises the need to establish standardized fine motor assessment tools that are sensitive
to subtle changes in function, accessible to all individuals with SMA regardless of functional
status or SMA type, and efficient and easy to administer. Our study demonstrated that
TATOO, alongside standardized fine and gross motor assessment tools, was able to detect
significant changes in motor function among individuals with SMA types 2 and 3 receiving
nusinersen over a 12–18-month period.

Importantly, TATOO provided detailed temporal and accuracy-based metrics, includ-
ing reaction time, task duration, and the accuracy of finger movements. These parameters
are directly relevant to daily activities that rely on touchscreen technology, underscoring
the ecological validity of this tool [16–18]. Taken together, our preliminary findings suggest
that TATOO may serve as a complementary, sensitive assessment method for monitoring
functional changes in the SMA population.

In contrast to the above, the RULM alone was insufficient to capture significant
changes at the group level, which was consistent with prior studies [20,21]. Literature
reviews and meta-analyses in recent years have indicated that the RULM is hampered by a
ceiling effect. Accordingly, the assessment is more effective for detecting motor changes
among SMA Type 2 and non-ambulatory Individuals; and less for individuals with SMA
Type 3, ambulatory, and with higher baseline functional abilities [22–25]. The median score
of our participants with SMA type 3 was 36.5/37 at the first test, which may explain the
lack of significant findings. Compared to our other findings, our study suggests that the
ceiling effect may be mitigated by a combination of assessments with TATOO, HGD and
PD, and the NHPT.

We report significant improvements over time in the hand grip strength of both hands,
as measured by the HGD. This is consistent with studies that found statistically significant
improvements in hand grip strength among young and adult participants with SMA types
2, 3, and 4, compared to assessments before receiving therapy [10,20,21,26]. However, in
our study, the participants had already initiated nusinersen therapy at the time of the first
assessment, which may partly explain the differences with prior studies.

Regarding fine motor skills and dexterity, the results revealed significant improve-
ments in performance time for the left hand, and a trend towards improvement for the right
hand using the NHPT. These findings align with the study by Gu, Minsu, and Hyun-Ho
Kong, published in 2021 [27]. They also reported significant improvements in dexterity for
both hands among five participants with SMA type 2, following 18 months of novel therapy
using a similar standard dexterity test, the PERDEU Pegboard. This improvement may be
attributed to the practice learning effect, which leads to relatively permanent changes in
the capability for skilled performance, and which is considered the most crucial factor for
improvement in performing motor skills [28].

Finally, our study revealed a strong significant correlation between one of our parame-
ters (“number of taps”) in TATOO and all the standardized motor assessment tools. This
provides evidence of convergent validity, indicating that TATOO captures dimensions of
motor function comparable to established measures of speed, accuracy, stability, strength,
precision, durability, and range of motion. In addition, the tool’s other metrics offer further
functional and pragmatic assessments. We also found a significant correlation between the
NHPT (measured by performance time) and the test duration parameter of the Pinch Ability
task in TATOO. In both tests, the participants are required to “pinch objects” as fast as they
can in all areas of the screen or peg board. Therefore, the resemblance between these tasks
likely explains the positive correlation. Other TATOO metrics inconsistently correlated
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with standardized tools, highlighting that the application may assess both overlapping
and unique facets of fine motor performance. Gabyzon, M. et al. [15] examined correla-
tions of TATOO with tests of hand strength and manual dexterity among independent
community-living older individuals. They reported no significant correlations between
most of the TATOO-measured parameters and the parameters of those assessment tools.
However, they did note a moderately positive trend between the number of double taps
and manual dexterity (r = 0.32, p = 0.07). Taken together, these diverse findings underscore
the complexity of fine motor skill assessment and highlight the potential of TATOO to
provide nuanced insights across various populations and conditions.

In the future, measurement tools like TATOO may prove to be a welcome alternative
to standardized assessment tools. This is due both to their accurate and precise measuring
of functional fine motor ability, and their distinct advantages over prior tools. Indeed, our
study has revealed many potential advantages of this tool. A crucial advantage of TATOO
is its ability to measure functional changes in individuals with SMA, regardless of age and
functional limitations, including those limited by contractures, thus effectively eliminating
both floor and ceiling effects. Furthermore, TATOO does not need to be modified or
adapted according to functional ability, making the application a more accessible and
standardized tool than the NHPT or HGD. Moreover, TATOO does not require the use of
specialized equipment. Indeed, the test administrator only needs an electronic tablet with
the application downloaded.

Finally, the now nearly universal use of touchscreen tools to perform daily tasks of
living, including academic pursuits, social engagement and communication, and purchase
of food and other essentials provides a clear opportunity for an innovative approach to
ecological clinical assessments. During the present period, the primary advantage of
TATOO is its ability to simulate nearly universal tasks of daily living, thereby providing
meaningful and pragmatic functional evaluations.

The study had several limitations, which limit the real-world usability of TATOO as a
stand-alone tool, yet provide opportunities for further investigation. Firstly, we were unable
to test TATOO with a demographically similar control population. Though validation is
in process, we do not currently have the norms for a healthy population nor the norms
for individuals with SMA along various functional stratifications. This has limited our
ability to provide standardized “scores” to summarize an individual’s fine motor abilities.
Rather, we measured motor abilities across an abundance of parameters. As our current
quantification technique may well prove burdensome to providers in the future, it is critical
to devise a simple scoring metric based on standardized measurements. Secondly, we
recruited participants when they were already receiving nusinersen therapy. Therefore, we
did not attain a pre-treatment assessment, and the treatment course itself varied among
participants. Nevertheless, we did demonstrate the usability of the tool in conjunction
with other tools to measure changes during treatment. Furthermore, given timeframe
discrepancies between assessments, we were unable to compare baseline standardized
assessments to the TATOO assessment. In addition, the time interval between assessments
was not consistent among all participants due to scheduling disruptions related to the
COVID pandemic at the time. This mostly impacted the timing of the second visit. Indeed,
we also found that the time interval between first and second assessments was too short
for our findings to be significant for most patients. For these two reasons, we used only
the first and last assessments in the final analysis. Finally, our small sample size limited
our statistical analysis, and we cannot exclude a potential learning effect with repeated
exposure to TATOO tasks. No formal learning-effect analysis was conducted. Further
studies may opt to split groups according to SMA type or functional status.
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5. Conclusions

The results of this pilot study suggest that the skills necessary for the operation of
touchscreen devices entail specific capabilities that are generally not captured by traditional
assessment tools. The clinical implication is that the hand function assessment toolbox
should be expanded. Tools such as TATOO can be used to capture the skills required
for touchscreen manipulation in the context of the modern digital milieu. We hope that
this pilot study may influence the development of new tools aimed to better detect subtle
functional changes in individuals with SMA, particularly those receiving novel therapies.
This may pave the way to tailor therapies and even contribute to the development of
personalized functional technologies using similar touchscreen tools. Finally, the use
of such tools may contribute to the developing knowledge about the influence of these
gene- and RNA-based therapies on the motor functions of the upper extremity in the
SMA population.
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Highlights:

What are the main findings?

• CBD-rich cannabis treatment over 6 months was associated with reduced family
accommodation (FA) and parental distress in families of autistic children.

• Qualitative findings showed improved family routines, parental well-being, and
greater engagement in meaningful activities and social interactions.

Implications

• CBD-rich cannabis treatment may reduce FA and parental distress, while improving
family routines and well-being.

• These results provide preliminary support for CBD-rich cannabis treatment in autistic
children, though further controlled studies are needed.

Abstract: Background/Objectives: Parents of autistic children often face behavioral and
participation challenges of their children, leading them to make accommodations to main-
tain a stable daily family routine. These family accommodations (FA) involve adapting
family routines, actively engaging with the child’s support needs and symptoms, and
avoiding specific situations. Methods: This open-label, mixed-methods study investigated
the impact of CBD-rich cannabis treatment on FA. In the quantitative phase, analyses in-
cluded 44 parents (from 87 initially recruited) who had complete FAS-RRB data at baseline,
3 months, and 6 months. In the following qualitative phase, 15 parents from the full sample
participated in semi-structured interviews. Results: Quantitative results showed reductions
in FA frequency and parental distress at 3 and 6 months. Qualitative findings revealed
positive changes in family routines, enhanced well-being, and improved parental engage-
ment in meaningful activities and social interactions. Conclusions: This study provides
preliminary evidence that CBD-rich cannabis treatment may reduce family accommodation
(FA) and parental distress, while improving family routines and well-being. However,
given the open-label design and observed adverse events and withdrawals, the findings
should be interpreted with caution.

Keywords: autism; family accommodation; parental well-being; CBD-rich cannabis

1. Introduction

Autism spectrum disorder (ASD) is a pervasive clinically and etiologically heteroge-
neous neurodevelopmental condition. Its diagnostic criteria in the Diagnostic and Statistical

Children 2025, 12, 1373 https://doi.org/10.3390/children12101373
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Manual of Mental Disorders (5th ed.; DSM-5) include differences in social communication
and restricted and repetitive behaviors (RRBI) [1]. Many autistic children have co-occurring
maladaptive behaviors like aggression, tantrums, impulsiveness, sleep problems, and
mealtime challenges [2] and diagnoses such as attention-deficit/hyperactivity disorder and
anxiety [3].

These common behaviors and diagnoses have been associated with decreased daily
functioning and participation of children with autism [4–6]. Consequently, they increase
parental stress and adversely affect family participation and quality of life [7]. Despite
various available interventions for autistic children, parents report that their children
continue to experience serious challenges that influence the child and the entire family unit.
Presentations vary widely across individuals and are influenced by context factors such as
sleep, sensory environment, and daily routines.

Although the cannabis plant has been used medicinally since ancient times, only in
the past decade has a more comprehensive understanding of its structure enabled extensive
research into its potential health benefits [8]. Previous research distinguished two main phy-
tocannabinoids: cannabidiol (CBD) and tetrahydrocannabinol (THC) [9,10]. The primary
psychoactive substance in the plant, THC, is responsible for the “high” sensation, whereas
CBD is an antioxidant, anti-inflammatory substance with antipsychotic and anti-anxiety
properties [11,12]. By isolating these cannabinoids, medical cannabis can be tailored to treat
specific medical needs. In the past decade, the FDA approved using CBD-rich cannabis
to treat children with specific types of refractory epilepsy [13]. Interestingly, parents of
autistic children treated for epilepsy with CBD-rich cannabis noticed improved ASD symp-
toms [14]. Recent studies showed the effectiveness of CBD-rich cannabis treatment for
many conditions and symptoms common in ASD [15]. Nevertheless, previous studies also
reported side effects and treatment withdrawals; these issues are discussed below.

These findings led to more research that found CBD-rich cannabis treatment effective
and safe for autistic children [16–19]. Specifically, studies reported improved communi-
cation and socialization skills [16,18–20] and participation in daily activities like sleep-
ing [18,21] and eating [22]. Furthermore, studies reported that cannabis consumption
reduced co-occurring symptoms, including self-injury, tantrums, restlessness, and anxi-
ety [16–18,20]. In our recently published study [23], we observed significant reductions in
RRBI, particularly in compulsive, ritualistic, and sameness behaviors, alongside notable
improvements in overall anxiety and specific subtypes, such as general, social, panic, and
separation anxieties, following 6 months of CBD-rich cannabis treatment in autistic children.
Our findings suggest that reductions in anxiety, especially in panic- and separation-related
subtypes, predicted subsequent decreases in RRBI, specifically in sameness behaviors.

However, studies have also highlighted that CBD-rich cannabis treatment is not with-
out limitations, including common side effects. These adverse effects include changes in
appetite, gastrointestinal symptoms, irritability, somnolence, psychoactive effects, and sleep
disturbances [16–19,21,23,24]. A recent study found that while 75% of parents reported only
mild side effects and were able to adhere to the treatment, 9% of participants experienced
severe side effects leading to treatment withdrawal. Additional reasons for withdrawal
included challenges with the treatment regimen and, in some cases, unrealistic parental
expectations, which complicated adherence for certain families [25].

These findings emphasize the need for professional guidance to help parents of autistic
children understand both the benefits and potential challenges of CBD-rich cannabis
treatment for their children and themselves. A recent study by Mazza et al. [26] further
suggests that the benefits of CBD treatment extend beyond clinical and medical outcomes,
positively impacting not only the child’s quality of life but also that of their families.
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Family accommodation (FA) is a collection of the family’s responses or adjustments
to the daily life demands of a child with a disability, intended to minimize the stress
associated with the disorder and sustain the family’s daily routine [27,28]. These responses
may include modifying family routines, actively participating in the disorder symptoms,
or avoiding situations that might trigger symptoms associated with the syndrome [28].

Studies indicated that FA is prevalent among families of children with obsessive-
compulsive disorder (OCD) [29,30], anxiety [31,32], sensory modulation disorders [33–35],
and ASD [27,36–38]. They also associated FA with adverse clinical presentations, including
more severe symptoms, poorer treatment outcomes, increased parental burden, and more
disrupted family functioning [28].

Increased interest motivated the development of several scales to measure FA asso-
ciated with anxiety, OCD [39], and sensory over-responsivity [33]. Feldman et al. [27]
adapted the Family Accommodation Scale to measure RRBI accommodation for the ASD
population. They found that 80% of parents of autistic children engage in FA at least
monthly, and 55% engage daily. Studies linked higher FA frequency in ASD to higher RRBI
appearance [27,38], more disruptive behaviors [40], poorer communication and daily living
skills [27], increased difficulty tolerating uncertainty [36], and increased child anxiety [31].

Although these studies emphasized how the high FA prevalence interferes with child
presentation, they inevitably referred to the parents’ role within this process. Beyond the
child’s behaviors, studies correlating FA with parenting stress [40] recently demonstrated
that both the child’s and the parents’ anxiety contribute to increased FA [36].

While parents perform FA to relieve stress, most parents report feeling distress due
to the necessary accommodation—and sometimes link this distress with their children’s
aggression when not accommodated [27]. Although these accommodations may contribute
to the family members’ well-being and daily functioning—and indeed help in the short
term—they can become maladaptive over time, disrupting the children’s participation in
their environments and even causing more severe symptoms [28,32].

Given the association of FA with a broad array of child and family challenges attributed
to ASD, it is a crucial target outcome for intervention. Intervention research examining FA
outcomes with autistic children has been scarce. The related literature includes studies of
autism and co-occurring anxiety disorders [31,41] and of autistic adolescents and adults
and co-occurring OCD [42,43]. These studies associated FA with treatment outcomes:
Russell et al. [42] found that higher FA levels predicted poorer treatment outcomes, and
Storch et al. [31] found significantly reduced FA with the child’s reduced anxiety. A more
recent study found that parent-led cognitive behavioral therapy supported the parents’
ability to manage their child’s anxiety without accommodating it [44].

The literature supports the positive effects of medical cannabis treatment for autistic
children. However, no research has yet examined its impact on FA. Hence, the main goals of
this mixed-methods study were to (1) examine the impact of medical cannabis treatment on
parent-reported FA and (2) deepen the understanding of parents’ perspectives on changes
in FA following cannabis treatment.

Although prior psychosocial interventions have reported changes in FA, no cannabis
studies to date have included FA as an outcome. This study directly addresses that gap.

2. Materials and Methods

Primary and secondary outcomes: The pre-specified primary outcome was the fre-
quency of family accommodation (FAS-RRB items 1–7 total score). Secondary outcomes
were the child’s short-term response when no accommodation was provided (FAS-RRB
items 9–11) and parental distress related to accommodation (FAS-RRB item 8). Participant
flow. In total, 87 families were recruited; 65 children completed the 6-month CBD-rich
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protocol; of these, 44 parents provided complete FAS-RRB data at baseline, 3 months, and
6 months and were included in the primary analyses.

2.1. Procedure and Participants

We used an explanatory, sequential mixed-methods design [45,46] in which the quan-
titative trends explicitly informed the qualitative interview guide; integration was planned
a priori via connecting (building the interview topics on quantitative patterns) and weav-
ing the two strands to produce meta-inferences. The quantitative study related to the
impact on FA of medical cannabis treatment for autistic children. The follow-up qualita-
tive phenomenological study included in-depth interviews to deepen understanding and
contextualize the phenomena [47], as shown in Figure 1.

 

 

 

TIME 1: Preintervention
TIME 2: Mid-
intervention 

(after 3 months)

TIME 3: End of 
intervention 

(after 6 months)

TIME 4: After 
completing 

intervention

Phase 1: Quantitative  

Phase 2: Qualitative 

Figure 1. Sequential Mixed-Methods Research Design.

2.2. Phase 1: Quantitative Study

We conducted the quantitative research as part of an open-label study at Shamir
Medical Center in Israel, recruiting participants through social media platforms and in
collaboration with the Israeli Society for Autistic Children. Inclusion criteria were children
aged 5 to 12 years with a medical diagnosis of ASD (based on DSM-5 criteria) accepted
by the Ministry of Health. We confirmed the ASD diagnosis using the Autism Diagnostic
Observation Schedule™ [48]. Furthermore, parental reports of their children’s disruptive
behavioral problems (e.g., violence, restlessness, and sleep problems) during the last
6 months were an inclusion criterion. Exclusion criteria were children with known genetic
syndromes causing autism symptoms or diagnosed metabolic diseases and parents with
mental health problems (e.g., psychosis or drug addiction). No IQ prerequisites were set
for Phase 1.

A pediatric neurologist specializing in ASD interviewed the participants’ parents, and
concomitant medication regimens that were in place before enrollment were expected to
remain stable throughout the study. The cannabis treatment protocol was individualized
for each patient using a personalized medicine approach. Participants received medical
cannabis extract infused in medium chain triglyceride oil with a 20:1 CBD:THC ratio (Nitzan
Spectrum®, Seach Medical Group, Jerusalem, Israel) for 6 months. This ratio was chosen
based on open-label studies that found it safe and effective for autistic children [14,17,24].
Titration followed a pragmatic schedule starting at one drop/day (5.7 mg CBD, 0.3 mg
THC per drop) and increased gradually as clinically indicated based on parents’ reports
of tolerability and target behaviors; the final dose did not exceed 10 mg/kg/day CBD
(maximum 400 mg/day) and 0.5 mg/kg/day THC (maximum 20 mg/day). Dose timing
was individualized according to parental feedback (e.g., higher doses at night to support
sleep). Across participants, total daily doses averaged 2.87 mg/kg CBD (SD ≈ 1.22);
observed ranges were 0.42–6.67 mg/kg CBD and 0.02–0.35 mg/kg THC.

Biweekly follow-up interviews conducted by study staff recorded comorbid symp-
toms, safety, and adherence; clinic visits occurred at baseline (T1), 3 months (T2), and
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6 months (T3). Parent-reported adverse events were categorized (e.g., appetite change, gas-
trointestinal symptoms, somnolence, irritability, psychoactive effects, sleep disturbances).
Parents completed the Family Accommodation Scale for Restricted and Repetitive Behav-
iors (FAS-RRB) [27] three times: before the medical cannabis treatment (Time 1), after
3 months of treatment (Time 2), and after 6 months of treatment (Time 3). They also
completed the demographic data questionnaire at Time 1.

A total of 87 parents of autistic children (ages 5–12 years; M = 7.39, SD = 2.02; 71 boys
[81.6%], 16 girls [18.4%]) were initially enrolled. Of these, 65 (74.7%) children completed the
6-month CBD-rich cannabis treatment. Twenty-two (25.3%) dropped out before completion,
for reasons including adverse effects such as worsened functioning (n = 2), violence (n = 3),
abdominal pain (n = 1), weight gain (n = 1), and sleep problems (n = 1); parental perception
that the treatment was ineffective (n = 9); and intake difficulties or parent–child cooperation
issues (n = 5) [23]. Among the completers, 44 provided complete FAS-RRB data at all three
time points, forming the analytic sample. Participant flow is summarized in Figure 2.

Enrolled: 87 families 

 

Completed 6-month protocol: 65 

 Dropouts: 22 

- Adverse effects 

- Lack of benefit 

- Intake/parent–child cooperation issues 

 

Analyzed: 44 with complete FAS-

RRB data 

Figure 2. Participant flow.

2.3. Phase 2: Qualitative, Time 4

Over the 3 months following the medical cannabis treatment, an occupational therapist
conducted semi-structured interviews with 15 parents selected through purposeful sam-
pling from the full sample of the quantitative study. Inclusion criteria were (a) participation
in the former study, (b) completion of the 6 months of CBD-rich cannabis treatment, and
(c) language fluency. We further recommended that the parent who was most involved in
the child’s eating and sleeping times participate in the interview. As a result, only mothers
were interviewed. We acknowledge that interviewing mothers only limits representative-
ness of broader family perspectives.

Parents who consented to participate in the qualitative stage were interviewed on-
line and audio-recorded using secure university Zoom software (premium version). The
interviews lasted approximately 45 min each and were transcribed after deleting all identi-
fying details. Internal consistency for the FAS-RRB has been reported as high in autistic
samples; to our knowledge, minimal important change/responsiveness have not yet been
established, so we report effect sizes and exact p-values to aid interpretation.

2.4. Measures
2.4.1. Medical Demographic Questionnaire

This questionnaire included medical and demographic questions regarding variables
such as gender, age, co-occurring diagnoses, and medications.
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2.4.2. Family Accommodation Scale for Restricted and Repetitive Behaviors

The FAS-RRB [27] is an adapted version of a scale used in FA studies on OCD and
anxiety disorders [30]. It assesses the frequency of accommodating behaviors that families
of autistic children experience due to RRBI (e.g., “Have you changed your work habits
because of your child’s repetitive behaviors?”). The scale includes 11 items rated on a
5-point Likert scale from 0 (never) to 4 (daily). The first seven items relate to the frequency
of accommodating behaviors and are summed to a general score from 0 to 28; higher scores
indicate that more FA is needed. The eighth item addresses parental distress caused by
accommodating behaviors (e.g., “Did the assistance you gave the child in these forms cause
you distress?”). The last three items relate to the child’s short-term response if no parental
accommodation is made (e.g., “Did the child respond aggressively when you did not help
him?”). Internal consistency was high for the seven FAS-RRB items (α = 0.93) and the entire
11-item scale (α = 0.85).

2.5. Interviews

Parents were asked open-ended questions within a semi-structured interview guide.
Topics included (a) their overall experience with the treatment for themselves and their
family, (b) the changes they perceived following the medical cannabis treatment, and
(c) the implications for their personal and family lives and routines. They were encouraged
to discuss both benefits and challenges, while the interviewer explored these issues in
depth, seeking specific examples, emotions, and dilemmas the parents faced during the
intervention process.

2.6. Data Analysis

The study population’s demographic characteristics were described using descriptive
statistics. We conducted a repeated measures analysis of variance (ANOVA) followed by a
post hoc Bonferroni test to determine which periods differed significantly. The aim was to
examine the cannabis treatment effects on the frequency of accommodating behaviors and
the children’s short-term responses. Due to the abnormal distribution of the sample, we
used Friedman tests to examine the treatment’s effects on parental distress and Wilcoxon
signed rank tests to determine whether the differences between time-period frequencies
were significant.

Three experienced occupational therapists analyzed the transcribed interviews in
a three-stage systematic phenomenological approach [49]: (1) Identify meaningful text
units into thematic codes, (2) group and map the codes into six categories that demonstrate
commonalities and differences, and (3) merge the categories into three conceptualized major
themes [50]. Each author independently coded the first three interviews into preliminary
categories to map the remaining interviews and stopped interviewing upon reaching data
saturation after the 15th participant [51].

Data trustworthiness was achieved by presenting rich citations from the original
text (with encrypted locations), documenting detailed descriptions of the process, and
journaling thoughts and feelings reflected during the interviews to identify potential
bias [50]. Alongside a peer review of the data, the authors—supported by their familiarity
with the phenomena and existing literature—conducted open conceptual discussions until
they reached agreement.
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3. Results

3.1. Quantitative
3.1.1. Descriptive Statistics

Forty-four parents of the autistic children who completed the 6-month cannabis
treatment (34 boys and 10 girls; 5–12 years, M = 7.39 years, SD = 2.14) completed the FAS-
RRB at all three time points. Of those parents, 40 (91%) were married and living together,
and 14 (31.8%) reported that their child used prescribed medications: sleep remedies (71%),
stimulants (21%), and antipsychotics (14%).

3.1.2. Family Accommodation Frequencies

We applied the repeated measures ANOVA followed by Bonferroni adjustments to
avoid the possibility of alpha-error inflation. Wilk’s lambda (Λ = 0.649), F(4, 170) = 10.25,
p < 0.001, and ηp2 = 0.194 indicated a difference in the FAS-RRB scores following treatment.
The following univariate test demonstrated differences in accommodating behavior fre-
quency and the children’s short-term responses. Table 1 lists the outcome measures’ means,
standard deviations, p values, and effect sizes (ηp2) from the RM univariate test.

Table 1. Means and Standard Deviations of Outcome Measures and p Values and Effect Sizes (η2)
of RM-Univariate Test Showing Differences in Accommodating Behavior Frequency and Child’s
Short-Term Response and Means and Standard Deviations of Friedman Test of Outcome Measures
Showing Differences in Parental Distress.

Outcome

M (SD)

F(df = 2.86) p ηp2Time 1
n = 44

Time 2
n = 44

Time 3
n = 44

Accommodating behavior
frequency 16.45 (7.79) 12.34 (7.57) 12.22 (7.71) 13.58 <0.001 0.24

Child’s short-term response 7.95 (3.30) 5.22 (3.70) 5.29 (3.81) 19.13 <0.001 0.31

Parental distress 2.04 (1.72)
Mdn = 2

1.20 (1.40)
Mdn = 1

1.613 (1.46)
Mdn = 1 χ2(2) = 7.56 0.023 r = 0.45

Note. FAS-RRB scoring: FA frequency (items 1–7) summed 0–28, higher = more accommodation; child short-term
response (items 9–11) summed 0–12, higher = more negative response when no accommodation is provided;
parental distress (item 8) scored 0–4, higher = greater distress. Effect sizes are partial η2 (~0.01 small, ~0.06 medium,
≥0.14 large). Pairwise post hoc tests used Bonferroni adjustment.

The post hoc Bonferroni test results revealed that the mean scores for accommodating-
behavior frequency and the child’s short-term response subscales were significantly higher
at Time 1 (pretreatment) than at Times 2 and 3 (posttreatment). That is, FA and the children’s
maladaptive behavior decreased if their parents made no accommodations following the
cannabis treatment. This decrease stabilized as the intervention continued: We found no
significant differences between the Times 2 and 3 mean scores in either subscale.

The Friedman test indicated a significant difference between the three times in the
parental distress subscale (n = 44, χ2(2) = 7.56, p = 0.023, Λ = 0.085). Specifically, the
Wilcoxon signed rank tests showed a significant difference based on positive ranks between
Time 1 (Mdn = 2) and Time 2 (Mdn = 1), Z = −3.003, p = 0.003, r = 0.452. Parental distress
decreased following the cannabis treatment when no parental accommodation was made.
However, we found no significant difference between the mean scores at Times 2 and 3.
Thus, the apparent rebound at 6 months relative to 3 months was not statistically significant
and is unlikely to be clinically meaningful as the median remained 1 at both time points.
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3.2. Qualitative (Themes)

The qualitative analysis highlighted the parents’ feelings of relief due to their children’s
behavioral improvements and reduced need for FA, as well as the subsequent effects on the
parents’ daily lives. The phenomenological analysis of the in-depth interviews revealed
three key themes (summarized in Table 2): changes in the parents’ sense of well-being,
parents’ ability to find and maintain meaningful employment or leisure activities, and the
overall family environment.

Table 2. Summary of Manual Coding Categories.

Theme Coding Category

1. Parental sense of well-being
“You can be more relaxed. You can enjoy your food.”

• Reduced parental stress and decreased need for
constant alertness due to fewer maladaptive behaviors
of the child

• Consistent maintenance of daily routines, such as
sleeping and eating; increased availability for other
family members, including the spouse and siblings

2. Parents’ ability to find and maintain meaningful
occupations/jobs

“I couldn’t wake up for work; I was just tired. . . Today, I work
in the mornings, and, in the evening, I actually go to events.”

• Ability to plan the day in advance
• Confidence that the child will be fine without the

mother’s presence

3. Parent and family environment
“[Preintervention,] we could not go to other family members
that he didn’t want to visit. Cannabis gave him more support;
he felt more confident.”

• Child’s improved ability to participate in
social settings

• Increased ability to leave the safe home and engage in
out-of-home family activities

3.2.1. Parental Sense of Well-Being

Most (12/15) of the mothers consistently described a substantial change in the family’s
sense of well-being. Specifically, they described decreases in their autistic children’s
maladaptive behaviors, which they associated with the children’s ability to be “more
attentive,” “calmer,” and “more present” following the cannabis treatment. They described
these changes as reducing the need for FA. Nevertheless, a minority (3/15) described
limited or inconsistent benefits; see Theme 3 for details.

Y (mother of a 9-year-old) shared the positive change in her overall sense of well-being
due to her 9-year-old son’s ability to reduce his need for her constant touch to calm down.
His changed needs reduced the FA, which manifested in symptom-related actions:

He really needed my touch. To relax, he needed my hug all the time. He used to say, “I
need to calm down. Hug me now. I need to breathe, give me a hand.” . . . In the last year
[posttreatment], I could go rest, and he would not bother me.

N (mother of an 11-year-old) elaborated on her changed stress level and reduced need
for alertness due to changes in her son’s ability to participate in daily routine and family
activities, such as praying with his father. She reported a reduced need for her FA, like
avoiding activities that could trigger her son’s stress: “You can be more relaxed. You can
enjoy your food. . . Once these behaviors have decreased, it allows me as a human being to
enjoy the situation a little bit more and not be so alert.” N emphasized that the changes in
her son’s maladaptive behavior were significant but not a cure:

In the course of the intervention, I felt [the maladaptive behavior] had diminished—not
perfectly at all, but in a significant way . . . Something about him was positively affected.
If he feels well, then we are all well.

The interviews revealed that most of the family’s day before the cannabis treatment
revolved around the autistic child’s needs and the required accommodations. Parents
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described their daily lives as unpredictable, with great difficulty maintaining routines for
themselves or for their family. They mentioned frequent FA to maintain daily routines
primarily for sleeping, eating, and transitioning between contexts and activities.

S (mother of an 11-year-old) elaborated on the extreme symptom-related accommo-
dation her family used during mealtime to address her 11-year-old autistic son’s needs
and demands:

He’s sitting down to eat in the living room [or] kitchen. We [the family] had to shut
ourselves in a different room. Everyone needed to prepare the food and leave “his” area
. . . Cannabis decreased the anxieties, so [now] he can eat next to us, which is a huge
improvement for us. We don’t have to run away from home anymore.

Through her words, S demonstrated positive changes in the family’s routine and sense
of well-being following her child’s decreased anxiety during the cannabis treatment.

Most (9/15) mothers mentioned the positive effects of this treatment on the child’s
ability to fall and stay asleep. The most commonly mentioned pretreatment FA was
sitting with the child for long hours at night, which was incompatible with the child’s age.
According to the mothers, these symptom-related FAs disturbed their quality of life. L
(mother of a 7-year-old) explained, “You don’t sleep at night for 3 months, and you have
to be constantly awake and be with him. . . And then we started cannabis, and, really, it
was a huge improvement.” D added that the cannabis contributed to her marriage due to
her son’s earlier bedtime: “The fact that he sleeps early [following the cannabis] is a lot, a
lot. It gives me and my husband some time together.” The child’s improved ability to fall
asleep and maintain sleep during the cannabis treatment positively affected the parents’
well-being.

The mothers also described their FA as avoiding, delaying, or performing actions
to maintain a daily routine, sometimes at the expense of the other family members. All
noted that much of their pretreatment days had been occupied with their autistic child’s
needs; the other family members were expected to understand and support the mother. D,
a mother of five, described becoming more available for her autistic son’s four younger
siblings due to his changed ability to understand situations and be more independent after
cannabis treatment:

The little siblings said, “Mom, why are you always just with K? Only K! He’s bigger
and can do it alone. We’re small, and we need your help.” And today [after the cannabis],
it’s less, like there’s a change. Today, he understands. He can play by himself; he can be
alone. And then I can also spend time with my little kids and help them.

3.2.2. Parents’ Ability to Find and Maintain Meaningful Occupations/Jobs

A third (5/15) of the mothers shared how their child’s decreased maladaptive be-
haviors and improved daily participation reduced their need for FA and enhanced their
ability to engage in meaningful preferred activities, such as an occupation/job—besides
merely addressing their children’s needs. N elaborated on her son’s improved emotional
regulation, which allowed her to plan her day. She explained how her son’s mood used to
determine her day—whether she could go to work—and the stress around that uncertainty:

One day, he wakes up OK, and one day, he doesn’t. I could go to sleep and think,
“Tomorrow, I need to do X, Y, Z,” but I could not know how the morning would look . . . I
don’t have this problem anymore; I don’t feel this stress.

L shared the FA her family used to do to support her son’s sleep difficulties. It did
not allow her to wake up in the mornings or focus on other activities because she was
too exhausted: “Before [cannabis], I could plan with you and after not sleeping at night, I
didn’t show up. I couldn’t. I could not come. I was too tired.”
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Both N and L reported relief that they could engage in meaningful occupations/jobs
following the intervention. L added that she could even attend business meetings in the
evenings—she knew the evening routine would be fine without her presence: “Today,
I’m more relaxed, first of all, to bring someone to look after the kids, and I know it’s
going to be OK. I now work in the mornings, and in the evenings, I actually go to events!”
Employment and activity changes were self-reported by mothers; no external verification
(e.g., employment records) was collected.

These examples demonstrate how the mothers were less preoccupied with the autistic
child’s needs posttreatment. Some even asked for outsourcing support. The families’
routines improved as their stress and alertness for unexpected events decreased.

3.2.3. Parent and Family Environment

Throughout the interviews, most (10/15) participants discussed their difficulty leaving
the safe home and engaging in out-of-home activities. The mothers shared with pain the
family’s price tag for avoiding overwhelming stimulation and crowded places for the
child’s sake. They especially mentioned refraining from family activities such as going
on vacations or to restaurants, hosting family and friends, and being hosted by others.
Following the intervention, most (12/15) mothers indicated positive changes in their
children’s ability to self-regulate and participate in social settings. These positive changes
in the child’s presentation decreased the need to avoid family outings. D described:
Reports distinguished between tolerance of crowded public places (e.g., restaurants) and
participation in structured family outings (e.g., visiting relatives), with improvements
noted in both.

Before [cannabis], he wouldn’t stay where there were too many people. He would refuse
to sit down. He would always inspect whether it suited him . . . where to sit, where not
to sit . . . Today, there’s no problem. Today, you go out, sit, it doesn’t matter where. It
doesn’t matter if there’s a lot of people. No additional follow-up beyond the 6-month
treatment period was conducted; therefore, persistence of these changes beyond
this window was not assessed.

Consistent with the quantitative variability, one fifth (3/15) of the mothers reported
that the cannabis had no beneficial effect on the need for FA. R, the mother of a 5-year-old
autistic child, described the treatment’s inconsistent effects on her child: “If I focus on the
effect of the cannabis oil, the change was on and off. That is what was so hard. One day,
you could be calm; one day, it feels like I haven’t given anything.” Indeed, an inconsistent
response from the child was described as not only affecting the FA consistency but also
affecting the mothers’ general sense of well-being. Mothers who reported inconsistent
effects did not identify specific patterns (e.g., time-of-day or dose-related triggers).

4. Discussion

As medical cannabis is increasingly used to treat autistic children, recent studies have
primarily focused on examining its effects on child outcomes [13,23,52]. However, studies
examining the effects of this treatment on the families of autistic children remain scarce.

The current mixed-methods study examined the effects of a 6-month medical cannabis
treatment for autistic children on FA and parental well-being. Its results support the
potential effectiveness of this treatment in reducing FA frequency and parental distress.
Furthermore, the findings highlight mostly positive changes in the family’s overall well-
being, as well as the parents’ ability to find and maintain meaningful occupations and
engage in social interactions following the child’s treatment. Given the open-label design
of this study, the findings should be viewed as associations rather than causal effects,
reflecting parent-reported perceptions.
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These findings align with a recent study [26], which found that the benefits of cannabis
treatment for autistic children extended beyond the clinical and medical scope, leading to
an overall improvement in both the patient’s and the family’s quality of life.

Specifically, our results indicate a significant decrease in FA at 3 months (Time 2) and
6 months (Time 3) of treatment. However, the decrease between Time 2 and Time 3 was not
significant. Our in-depth interviews further supported this decrease in FA posttreatment
and shed light on its positive effects. The mothers appreciated being able to spend quality
time with their other children and spouses. They emphasized their renewed ability to have
family meals, go on family outings, and enjoy simple daily activities as a family. They also
highlighted the positive impact of their enhanced ability to engage in meaningful social
and professional activities.

Earlier studies demonstrated reductions in FA following other interventions for chil-
dren and youth with autism. For example, Storch et al.’s [31] and Frank et al.’s [41]
intervention studies with children and youth with ASD and anxiety showed that following
cognitive behavioral therapy, FA decreased significantly from pre- to postintervention.
These studies align with our findings, supporting the notion that interventions targeting
the child’s symptoms also positively affect parental factors like FA.

Of substantial importance in addition to decreased FA, our quantitative results suggest
decreased parental distress after 3 months of cannabis treatment. The parents related this
reduction to their children’s lessened maladaptive behaviors, in turn decreasing the parents’
need to accommodate constantly.

Unexpectedly, the decreased parental distress observed after 3 months of treatment
(Time 2) was not sustained after 3 more months (Time 3). The opposite was true: Parental
distress reemerged, although not to levels as high as at Time 1. These results may allude to a
ceiling in the child’s behavioral improvements following cannabis treatment, a habituation
effect in the parents’ response, or a placebo/expectation effect—reflected in parents’ hope
and excitement for a promising treatment with few or no side effects compared with
previous medicines. In an open-label study, statistical regression toward the mean is also
plausible and could contribute to the observed pattern.

In our study, 25.3% of participants discontinued treatment, and among those who
completed the 6-month protocol, some parents reported no meaningful change in FA, as
reflected in the quantitative results. Our recently published study [25] similarly found that
unrealistic parental expectations and hopes pose significant adherence challenges. That
work emphasized that CBD-rich cannabis treatment is not without barriers, underscoring
the need for professional guidance and education for parents of autistic children regarding
its potential impact. Further longitudinal research is warranted to examine whether the
observed changes in child behaviors and parental accommodations can be sustained over
the long term (i.e., years of treatment) and whether they persist once treatment ends.

Our findings further highlight the bidirectional effects that FA has on parents. On
the one hand, the mothers elaborated on the intense necessity to satisfy their children’s
needs and support their participation in even basic daily activities. On the other hand, they
mentioned the intense energy required to provide these accommodations. They described
the hardship of the accommodating effort and the stressful effects of such accommodations
on their relationships with their other children, spouses, work, leisure, and emotional
well-being. These hardships suggest the crucial importance of reducing FA, as mentioned
in other studies [38,40].

Previous studies have addressed this bidirectional effect and suggest that, although
necessary, FA may create a vicious cycle by worsening the child’s symptoms over time:
The children increasingly rely on these accommodations, and their maladaptive behaviors
may escalate when the FA are not provided [28,32]. Our study’s quantitative results also
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show a significant decrease in the children’s negative short-term response after 3 months
of cannabis treatment when parents do not provide FA. These results might indicate the
treatment’s indirect role in breaking that vicious behavioral cycle by reducing the need for
FA. To clarify mechanisms, future work should prospectively assess potential mediators
(e.g., anxiety or sleep) that may link treatment-related reductions in FA with the child’s
reduced short-term negative response.

Recent research has associated higher FA levels at the beginning of intervention with
poorer intervention outcomes for youth with autism and anxiety [41,53]. Based on the
results of the current and previous studies, we suggest that identifying elevated FA levels
at the intervention’s assessment stage may be of enhanced importance and that reduced FA
could be an outcome for interventions with autistic children. Including FA when evaluating
intervention outcomes would provide a more comprehensive and integrated approach to
assessing the interventions’ impacts on children and parents/families.

4.1. Limitations

This study has several limitations that warrant consideration. First, owing to the
open-label design, neither participants nor outcome assessors were blinded, and outcomes
relied primarily on parent-reported measures; together these factors could inflate perceived
benefits via expectancy or placebo effects. Accordingly, randomized, double-blind, placebo-
controlled trials are needed to more rigorously establish efficacy.

Second, individualized dose titration and concomitant medications complicate attri-
bution of change and obscure potential dose–response relationships.

Third, the qualitative sample comprised only mothers and was conducted within a
specific cultural and health-system context, which may limit generalizability.

Fourth, COVID-19 restrictions resulted in missing follow-up questionnaires for some
parents. Although 65 participants completed the treatment protocol, only 44 had complete
FAS-RRB assessments at all three time points. Analyzing only complete-case data (n = 44)
may introduce bias; future studies should consider multiple imputation and prespecified
sensitivity analyses to address missingness.

4.2. Implications

The results of this study indicate positive—yet preliminary—implications for medical
cannabis on child behavior and extend understanding of its potential effects on fam-
ily/parental factors among families of autistic children. The findings also support routinely
tracking family accommodation (FA) as a clinically meaningful outcome alongside parental
distress and the child’s short-term response when FA is withheld. Given variability across
families and co-treatments, these implications should be applied cautiously and with
sensitivity to context.
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FA family accommodations
FAS-RRB Family Accommodation Scale for Restricted and Repetitive Behaviors
OCD Obsessive–compulsive disorder
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Highlights:

What are the main findings?

• XR technologies have been used in inclusive education primarily to support cognitive,
social, and behavioral skills in neurodivergent children.

• Existing studies report improvements in engagement and task performance, although
sample sizes and study designs are heterogeneous.

What are the implications of the main findings?

• XR applications may represent a valuable complement to traditional inclusive educa-
tion practices.

• Further research with standardized assessment methods is necessary to validate their
effectiveness and inform implementation strategies.

Abstract: Background/Objectives: Extended reality (XR) technologies have been increas-
ingly applied in inclusive education settings to assist neurodivergent children. However,
the existing evidence remains fragmented across diverse contexts and disciplines. This
systematic review synthesizes current research to identify the educational purposes, imple-
mentation characteristics, and reported outcomes associated with the use of XR in inclusive
educational environments. Methods: A comprehensive literature search was conducted in
major academic databases using predefined keyword combinations related to XR, inclusive
education, and neurodivergence. Peer-reviewed articles that applied XR tools in educa-
tional settings for neurodivergent children were screened against predefined inclusion and
exclusion criteria. Data were extracted regarding study design, participant characteristics,
XR modality, educational objectives, and outcome indicators. Results: The reviewed stud-
ies report heterogeneous applications of XR technologies, including virtual and augmented
reality, to support cognitive, social, and behavioral skill development in neurodivergent
learners. Most studies employed small sample sizes and quasi-experimental or exploratory
designs. Although several studies reported improvements in engagement, communication
skills, and task performance, outcome measures varied substantially and methodological
rigor was limited in many cases. Conclusions: Current evidence suggests that XR tech-
nologies hold potential as complementary tools in inclusive education for neurodivergent
children. Nonetheless, the heterogeneity of study designs and the lack of standardized
assessment metrics limit the generalizability of the results. More robust empirical investi-
gations are required to establish evidence-based guidelines for the implementation of XR
in inclusive educational contexts.

Children 2025, 12, 1474 https://doi.org/10.3390/children12111474
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1. Introduction

The integration of emerging technologies in educational environments has garnered
increasing attention as a means to reduce learning barriers for neurodivergent students,
particularly those diagnosed with autism spectrum disorder (ASD) [1]. Neurodivergent
learners often face significant challenges in traditional educational settings, including
difficulties with social communication, sensory processing, executive function, and motor
coordination, which can impede their academic progress and social integration [2].

Extended Reality (XR), an umbrella term encompassing virtual reality (VR), aug-
mented reality (AR), and mixed reality (MR), has emerged as a promising educational
intervention with the potential to create immersive, controlled, and adaptable learning en-
vironments [3,4]. These technologies offer unique advantages for neurodivergent learners
by providing predictable, customizable environments that can be tailored to individual
sensory preferences and learning needs, while allowing for systematic skill development
and minimizing overwhelming sensory stimuli present in traditional classroom settings [2].

The concept of inclusive education, rooted in the principles of universal design for
learning (UDL) and the United Nations Convention on the Rights of Persons with Disabili-
ties, emphasizes the importance of creating educational environments that accommodate
diverse learning needs [1]. However, implementing truly inclusive practices remains chal-
lenging, particularly given the heterogeneous nature of neurodivergent presentations and
the limited resources available in many educational settings [4].

Extended Reality (XR) technologies offer unique advantages for neurodivergent learn-
ers by providing controlled, customizable, and predictable learning environments that can
be systematically adjusted to match individual sensory preferences, cognitive capabilities,
and motor development needs [5,6]. From a motor development perspective, XR technolo-
gies can provide safe, controlled environments for practicing complex motor skills without
the physical risks associated with real-world activities [7].

The theoretical foundation for XR-based interventions in neurodivergent education
draws from multiple developmental and learning theories. The motor learning theory
emphasizes the importance of repetitive practice and feedback in skill acquisition, particu-
larly relevant for children with motor coordination difficulties common in neurodivergent
populations [8]. XR technologies can provide safe spaces for neurodivergent children to
observe and practice motor skills and social interactions without the anxiety and unpre-
dictability associated with real-world encounters [2].

Recent advances in XR technology have led to the development of increasingly so-
phisticated and accessible platforms specifically designed for neurodivergent populations,
incorporating motor development principles and evidence-based assessment tools [9].
These include adaptive interfaces, real-time feedback systems, customizable sensory en-
vironments, and motor assessment protocols that can be adjusted to meet individual
developmental needs [2].

Despite the growing interest and investment in XR technologies for neurodivergent
education, the research literature remains fragmented and methodologically inconsistent.
Previous reviews have identified several critical gaps, including limited longitudinal evalu-
ation, insufficient diversity in participant samples, lack of standardized outcome measures
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for motor development assessment, and inadequate consideration of implementation
factors in real-world educational settings [1,4].

Furthermore, ethical considerations specific to the use of immersive technologies with
vulnerable pediatric populations require careful attention, particularly regarding motor
safety and developmental appropriateness. The involvement of children, families, educa-
tors, and motor development specialists in the design and evaluation of these technologies
is essential to ensure their appropriateness, acceptability, and effectiveness.

This systematic review aims to address these knowledge gaps by providing a com-
prehensive analysis of current research on XR technologies in neurodivergent education,
with particular attention to motor development outcomes. The primary objectives are to
(1) systematically identify and analyze studies investigating XR interventions for neuro-
divergent children in educational contexts; (2) evaluate the effectiveness of different XR
modalities (VR, AR, MR) across various skill domains, with emphasis on motor devel-
opment outcomes; (3) assess methodological quality and identify limitations in current
research; (4) examine implementation factors including technology requirements, training
needs, and motor assessment protocols; and (5) provide evidence-based recommendations
for future research and practice.

2. Materials and Methods

2.1. Study Design and Registration

This systematic review was conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement [10]. The review
protocol was developed a priori and included specific inclusion and exclusion criteria,
search strategies, and data extraction procedures to ensure transparency and reproducibility.
A completed PRISMA 2020 checklist is provided as Supplementary Materials.

2.2. Research Questions

The primary research question guiding this systematic review was as follows: how
do Extended Reality (XR) technologies contribute to improving educational processes
and outcomes for neurodivergent children in educational settings? Secondary questions
included the following: (1) What types of XR technologies are most commonly used in
neurodivergent education? (2) Which skill domains, particularly motor development, show
the greatest improvement with XR interventions? (3) What are the main methodological
limitations in current research? (4) What implementation factors facilitate or hinder the use
of XR in educational settings?

2.3. Search Strategy

A comprehensive search strategy was developed and implemented across five major
electronic databases: Scopus (Elsevier, Amsterdam, The Netherlands), IEEE Xplore (Insti-
tute of Electrical and Electronics Engineers, New York, NY, USA), PubMed/MEDLINE
(National Library of Medicine, Bethesda, MD, USA), ERIC—Education Resources Informa-
tion Center (National Center for Education Statistics, Washington, DC, USA), and PsycINFO
(American Psychological Association, Washington, DC, USA).

Literature screening and data extraction were performed using Covidence (Covidence,
Melbourne, Australia), a web-based systematic review management platform. Qualitative
data analysis and thematic synthesis were conducted using NVivo 12 (QSR International,
Melbourne, Australia). Statistical analysis of effect sizes was performed using SPSS Statis-
tics version 27 (IBM Corporation, Armonk, NY, USA).

The search algorithm utilized Boolean operators (AND and OR) to combine three
main concept groups with their related terms and synonyms:
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Concept 1—Extended Reality Technologies: “extended reality” OR “XR” OR “virtual
reality” OR “VR” OR “augmented reality” OR “AR” OR “mixed reality” OR “MR” OR
“immersive technology” OR “3D environment”.

Concept 2—Neurodivergent Populations: “autism” OR “autism spectrum disorder”
OR “ASD” OR “ADHD” OR “attention deficit” OR “neurodivergent” OR “neurodiversity”
OR “developmental disability” OR “pervasive developmental disorder”.

Concept 3—Educational Context: “education” OR “learning” OR “teaching” OR
“school” OR “classroom” OR “pedagogy” OR “curriculum” OR “educational intervention”
OR “motor development” OR “psychomotor development”.

The search was expanded to include articles published between January 2020 and
December 2024 to capture the evolution of recent XR technologies while maintaining
comprehensive coverage of contemporary relevant research.

2.4. Inclusion and Exclusion Criteria

Inclusion criteria:

• Peer-reviewed articles published between 2020 and 2024.
• Studies involving neurodivergent children (ages 3–18 years).
• Educational applications of XR technologies (VR, AR, or MR).
• Empirical studies including experimental designs, case studies, and observational studies.
• Articles written in English with full-text availability.
• Studies measuring educational, social, cognitive, or motor skill outcomes.

Exclusion criteria:

• Studies focused exclusively on clinical or therapeutic contexts without educa-
tional components.

• Research involving adult populations only.
• Studies without specific XR technology interventions.
• Conference abstracts, editorials, opinion pieces, and gray literature.
• Studies with insufficient methodological detail for quality assessment.
• Duplicate publications or overlapping datasets.

2.5. Study Selection Process

The study selection process followed a two-stage screening approach. Initially, three
independent reviewers (B.V., L.M., and I.C.) screened the titles and abstracts against the
inclusion and exclusion criteria. Subsequently, full-text articles of potentially eligible
studies were independently reviewed by the same reviewers. Disagreements were resolved
through discussion with a senior reviewer (C.G.K.). The selection process was documented
using a PRISMA flow diagram to ensure transparency and reproducibility.

2.6. Data Extraction

A standardized data extraction form was developed and piloted on a subset of the
included studies. Data extraction was performed independently by three reviewers (J.V.,
M.J., and I.C.) with verification by a senior reviewer (C.G.K.). Extracted data included
the following:

• Study characteristics (author, year, country, study design, and duration).
• Participant demographics (sample size, age range, gender distribution, and diagnos-

tic categories).
• Intervention details (XR technology type, hardware/software specifications, duration,

frequency, and setting).
• Outcome measures (assessment tools, measurement domains, motor development

assessments, and data collection methods).
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• Results (quantitative and qualitative findings, and effect sizes where available).
• Implementation factors (training requirements, technical challenges, and stake-

holder feedback).
• Study limitations and recommendations.

2.7. Quality Assessment

The methodological quality of the included studies was assessed using tools adapted
for educational interventions. For experimental and quasi-experimental studies, the
Cochrane Risk of Bias tool was adapted to include the specific criteria for educational
and motor development interventions. The Cochrane Risk of Bias tool evaluates random-
ization processes, allocation concealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, selective reporting, and other potential
sources of bias. For case studies and observational research, the National Institutes of
Health (NIH) Quality Assessment Tool for Case Series Studies was utilized. The NIH
tool assesses study objectives, case definition, representativeness, exposure measurement,
outcome assessment, follow-up length, statistical analysis, and results presentation. Quality
assessment was conducted independently by three reviewers (R.H., M.J., and I.C.) with
discrepancies resolved through consensus discussion.

2.8. Data Synthesis

Due to the heterogeneity of study designs, interventions, and outcome measures, a
narrative synthesis approach was employed rather than meta-analysis. Data were synthe-
sized thematically according to the following: (1) XR technology types and characteristics;
(2) target skill domains and learning outcomes, with special attention to motor develop-
ment; (3) participant characteristics and sample diversity; (4) intervention implementation
factors; and (5) methodological quality and limitations. Quantitative data were presented
using descriptive statistics where appropriate, while the qualitative findings were synthe-
sized using thematic analysis principles. Effect sizes were calculated where sufficient data
were available following Cohen’s guidelines for interpretation (small: d = 0.2, medium:
d = 0.5, and large: d = 0.8). Comprehensive characteristics of all the included studies are
provided in Supplementary Table S1, and the quality assessment scores are detailed in
Supplementary Table S2.

3. Results

3.1. Study Selection and Characteristics

The systematic search yielded 2156 records from Scopus (n = 856), IEEE Xplore
(n = 391), PubMed (n = 542), ERIC (n = 234), and PsycINFO (n = 133). After removing du-
plicates (n = 287), 1869 records underwent title and abstract screening. Of these, 124 articles
were selected for full-text review, resulting in 22 studies meeting all the inclusion criteria
(Figure 1).
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Figure 1. PRISMA flow diagram showing the study selection process for XR technologies in neuro-
divergent education. The systematic search yielded 2156 initial records across five databases, with
22 studies ultimately meeting the inclusion criteria for a comprehensive analysis.

3.2. Study Characteristics and Distribution

The included studies were conducted across multiple countries, with the highest
representation from the United States (n = 7, 31.8%), followed by European countries (n = 9,
40.9%), Asian countries (n = 4, 18.2%), and other regions (n = 2, 9.1%). Study designs
included randomized controlled trials (n = 9, 40.9%), pre-post intervention studies (n = 7,
31.8%), case studies (n = 4, 18.2%), and mixed-methods studies (n = 2, 9.1%).

3.3. XR Technology Distribution and Applications

The analysis of technology utilization revealed that virtual reality was the most fre-
quently employed XR modality (n = 12, 54.5%), followed by augmented reality (n = 7,
31.8%) and combined VR/AR or general XR approaches (n = 3, 13.6%) (Table 1, Figure 2).

Table 1. Distribution of XR technologies and their primary applications in neurodivergent education.

Technology Type Number of Studies Primary Applications

Virtual Reality (VR) 12 (54.5%)
Social skills training, emotion
recognition, motor coordination,
virtual field trips, gross motor skills

Augmented Reality (AR) 7 (31.8%)
Daily living skills, object recognition,
interactive learning environments,
fine motor tasks

Mixed/Combined XR 3 (13.6%)
Comprehensive skill development,
adaptive learning platforms,
multimodal training

Virtual reality applications predominantly focused on creating immersive environ-
ments for practicing motor coordination and interpersonal interactions, while augmented
reality was primarily used for enhancing real-world learning contexts with digital overlays
and fine motor skill development.
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Figure 2. Distribution of XR technologies in the reviewed studies (n = 22). Virtual reality (VR) was
the most commonly utilized technology (54.5%), followed by augmented reality (AR) (31.8%) and
combined or mixed XR approaches (13.6%). This distribution reflects the maturity and accessibility
of VR platforms for educational applications.

3.4. Participant Characteristics and Demographics

The total sample across the empirical studies comprised 412 participants, with individ-
ual study samples ranging from 18 to 95 participants (mean = 39.2, SD = 21.3). Participant
ages ranged from 3 to 18 years, with a mean age of 9.8 years (SD = 3.4). The gender distribu-
tion revealed an imbalance, with male participants comprising 74.3% (n = 306) of the total
sample compared to 25.7% (n = 106) female participants, reflecting the higher prevalence
of neurodivergent diagnoses in males but also indicating continued underrepresentation of
females in research.

Diagnostic categories were dominated by autism spectrum disorder (ASD), repre-
senting 86.9% (n = 358) of the participants. Other diagnoses included attention deficit
hyperactivity disorder (ADHD) (n = 34, 8.3%) and mixed neurodevelopmental conditions
(n = 20, 4.9%).

3.5. Intervention Characteristics and Implementation

Intervention durations varied considerably across the studies, with session lengths
ranging from 15 to 75 min (mean = 38.6 min, SD = 16.2). Frequency of the sessions
ranged from twice weekly to daily implementation, with most studies conducting
sessions 2–3 times per week. Total intervention periods spanned from 2 weeks to 20 weeks
(mean = 9.1 weeks, SD = 5.2).

Implementation settings were predominantly controlled environments, with 59.1%
(n = 13) of the studies conducted in research laboratories or specialized technology rooms,
31.8% (n = 7) in classroom settings, and 9.1% (n = 2) in home environments with supervision.

3.6. Outcome Measures and Skill Domains

The studies targeted multiple skill domains, with motor coordination being the most
frequently addressed area alongside social skills (Table 2). Outcome measurement ap-
proaches varied significantly, with some studies using standardized assessment tools while
others employing custom-developed measures or observational protocols.
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Table 2. Primary outcome domains and measurement approaches across included studies.

Skill Domain Studies Reporting (%) Common Assessment Methods

Motor coordination 14 (63.6%)

Movement Assessment Battery for
Children-2, Bayley Scales of Infant
Development, motion capture, and
Bruininks–Oseretsky Test

Social interaction skills 13 (59.1%) ADOS-2, Social Skills Rating System,
and direct observation

Attention and engagement 9 (40.9%) Continuous Performance Test,
behavioral observation, and eye-tracking

Emotional recognition 8 (36.4%) Facial emotion recognition tasks and
physiological measures

Daily living skills 6 (27.3%) Vineland Adaptive Behavior Scales and
task completion rates

Academic skills 5 (22.7%) Curriculum-based measures and
achievement tests

3.7. Effectiveness and Outcomes

Overall, the included studies reported positive outcomes across multiple domains,
with the effect sizes varying considerably. Motor coordination interventions showed the
most consistent positive results, with 12 of 14 relevant studies (85.7%) reporting significant
improvements in gross motor skills, spatial awareness, and balance. The effect sizes for
motor interventions ranged from moderate to large (d = 0.6 to 1.2), with particular success
in interventions targeting gross motor skills and spatial navigation.

Social skills interventions demonstrated positive outcomes in 11 of 13 studies (84.6%),
with the effect sizes ranging from moderate to large (d = 0.5 to 1.1). Fine motor skill
improvements were less consistently reported, with mixed results across the studies.

Attention and engagement outcomes were positive in 17 of 22 studies (77.3%), with
XR environments showing particular effectiveness in maintaining sustained attention
compared to traditional instructional methods.

3.8. Implementation Factors and Stakeholder Perspectives

The studies that included stakeholder feedback (n = 11, 50.0%) provided valuable
insights into implementation facilitators and barriers. Teachers, families, and motor de-
velopment specialists consistently reported high levels of student motivation and engage-
ment when using XR technologies, with particular appreciation for the individualized
and controlled nature of interventions and their potential to address motor development
needs safely.

Technical challenges reported across the studies included hardware reliability issues,
software compatibility problems, calibration difficulties for motor assessment tools, and
the need for technical support during implementation. Cost considerations and the need
for specialized training in motor development assessment were identified as significant
barriers to widespread adoption.

3.9. Methodological Quality and Limitations

The quality assessment revealed variations in methodological rigor across the studies,
with 45.5% of the studies achieving high quality ratings, 50.0% moderate quality, and 4.5%
low quality. Major limitations identified included the following:

• Limited longitudinal follow-up in 77.3% of the empirical studies.
• Insufficient assessment of skill generalization to real-world contexts.
• Predominance of controlled research settings over authentic educational environments.
• Limited diversity in participant samples across neurodivergent conditions.
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• Inconsistent use of standardized motor development assessment measures.
• Lack of age-stratified analysis despite broad age ranges.

The broad age range of 3–18 years encompasses vastly different developmental stages,
from preschoolers to high school students, yet most studies did not stratify results by age
group or developmental level.

3.10. Longitudinal Outcomes and Skill Transfer

Only five studies (22.7%) included follow-up assessments beyond immediate post-
intervention measurement. Among these, four studies reported maintained improvements
at 4–12 week follow-up, with particularly strong retention observed for motor skills.

Skill transfer to real-world settings was explicitly assessed in only six studies (27.3%),
with mixed results. While some participants demonstrated generalization of learned motor
skills to novel environments, others showed limited transfer, highlighting the need for
systematic generalization programming and real-world practice opportunities.

4. Discussion

4.1. Principal Findings and Developmental Implications

This systematic review provides compelling evidence that XR technologies offer signif-
icant potential for supporting the educational and developmental needs of neurodivergent
children, particularly in the domain of motor development, while simultaneously reveal-
ing critical gaps in the current research methodology and implementation practices. The
predominance of positive outcomes across multiple developmental domains—including
motor coordination, social communication, emotional regulation, and sustained attention—
suggests that XR interventions can effectively address core challenges faced by neurodiver-
gent learners in traditional educational settings.

The finding that 85.7% of the studies focusing on motor coordination reported signifi-
cant improvements is particularly noteworthy given the prevalence of motor difficulties
in neurodivergent conditions [11]. From a kinesiological perspective, XR environments
provide unique opportunities for controlled motor practice, allowing for repetitive skill
training with immediate feedback while minimizing the risk of injury or failure that may
occur in real-world motor activities [7]. The ability to gradually adjust difficulty levels and
environmental demands makes XR particularly suitable for addressing the heterogeneous
motor profiles observed in neurodivergent populations.

4.2. Technology-Specific Considerations and Motor Development

The differential applications of VR versus AR technologies revealed in this review
reflect their distinct capabilities for motor skill development. Virtual reality’s strength in
creating fully immersive, controlled environments makes it particularly suitable for gross
motor skills training and spatial awareness development, where environmental variables
can be systematically controlled and safety ensured [2].

Augmented reality’s capacity to overlay digital information onto real-world environ-
ments appears more effective for fine motor skills and functional task training, where the
goal is to enhance rather than replace real-world motor experiences [1]. This distinction has
important implications for motor development specialists and educational practitioners
seeking to select appropriate technologies for specific motor learning objectives.

The predominance of laboratory-based implementations rather than authentic class-
room or home settings raises important questions about the ecological validity of motor
skill improvements. While controlled environments are necessary for establishing motor
learning efficacy, the transition to real-world educational and home settings presents addi-

75



Children 2025, 12, 1474

tional challenges including space requirements, safety considerations, and integration with
the existing motor development programs.

4.3. Motor Development Assessment and Standardization

The variability in motor assessment tools used across the studies represents a signifi-
cant limitation in the current evidence base. While some studies employed gold-standard
assessments such as the Movement Assessment Battery for Children-2 (MABC-2) or Bayley
Scales, others relied on custom-developed measures or simple observational protocols. This
methodological inconsistency limits the ability to compare outcomes across the studies and
establish evidence-based guidelines for XR-based motor interventions.

Future research should prioritize the use of standardized, psychometrically sound
motor assessment tools that are sensitive to the types of changes expected from XR in-
terventions. Additionally, the development of XR-specific motor assessment protocols
that can capture both quantitative movement parameters and qualitative aspects of motor
performance would strengthen the evidence base considerably.

4.4. Age-Stratified Analysis and Developmental Considerations

The broad age range of 3–18 years included in most studies, without age-stratified
analysis, represents a critical limitation in understanding how XR technologies may dif-
ferentially benefit children at various developmental stages. Motor development follows
predictable patterns throughout childhood and adolescence, with different motor skills
emerging at specific developmental periods [7].

Preschool-aged children (3–5 years) develop fundamental motor skills and may benefit
most from XR interventions targeting basic gross motor patterns. School-aged children
(6–12 years) refine motor skills and develop more complex coordination abilities, while ado-
lescents (13–18 years) deal with the motor challenges associated with rapid physical growth
and may benefit from XR interventions targeting sport-specific or functional motor skills.

4.5. Implementation Science and Stakeholder Perspectives

The studies that included stakeholder feedback provided valuable insights into im-
plementation facilitators and barriers from multiple perspectives. Teachers and motor
development specialists reported high levels of student motivation and engagement when
using XR technologies, but also expressed concerns about technical complexity, train-
ing requirements for motor assessment, and integration with the existing curricula and
therapy programs.

Parent and family feedback was generally positive, with particular appreciation for
the safe, controlled nature of XR motor interventions and the ability to practice motor
skills without risk of injury or social embarrassment. However, concerns were raised about
cost, space requirements for implementation, and the need for generalization to real-world
motor activities.

4.6. Safety and Ethical Considerations in Motor Development

The use of immersive technologies for motor skill training with vulnerable pediatric
populations raises important safety and ethical considerations that require systematic atten-
tion. Physical safety concerns include motion sickness, falls during VR use, inappropriate
motor demands for developmental level, and the potential for overuse injuries from repeti-
tive movements. Motor development specialists emphasize the importance of proper move-
ment analysis and safety protocols when implementing XR-based motor interventions.

Ethical considerations include ensuring that XR motor interventions are develop-
mentally appropriate, do not replace necessary real-world motor experiences, and are
integrated appropriately with the existing motor development programs. The involvement
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of qualified motor development specialists in the design and implementation of XR motor
interventions is essential for ensuring both safety and effectiveness.

4.7. Future Research Directions and Recommendations

Based on the findings of this review, several critical research priorities emerge for
advancing the field. First, large-scale randomized controlled trials with adequate statistical
power and diverse participant samples are urgently needed, with particular attention to
age-stratified analyses that consider developmental motor patterns.

Second, the development and validation of standardized outcome measures specif-
ically designed for XR-based motor interventions is essential. These measures should
capture both quantitative movement parameters and functional motor outcomes relevant
to daily life activities.

Third, longitudinal studies with extended follow-up periods are needed to understand
the long-term developmental impacts of XR motor interventions and their retention over
time. Fourth, implementation research examining factors that facilitate or hinder successful
XR motor intervention adoption in real-world educational and therapeutic settings is crucial
for translation to practice.

4.8. Clinical and Educational Implications

For clinicians, educators, and motor development specialists working with neurodi-
vergent children, this review suggests that XR technologies can be valuable additions to
intervention repertoires, particularly for addressing motor coordination and spatial aware-
ness difficulties. However, XR motor interventions should be viewed as complementary to,
rather than replacements for, the established evidence-based motor development practices
and real-world motor experiences.

The selection of appropriate XR motor interventions should be guided by individual
child characteristics, including motor development profile, sensory preferences, cognitive
abilities, and specific motor learning objectives. Collaborative assessment and planning
involving children, families, educators, motor development specialists, and technology
specialists is essential for optimal outcomes.

4.9. Limitations of This Review

Several limitations should be acknowledged in interpreting the findings of this system-
atic review. Despite expanding to multiple databases, the restriction to English-language
publications may have excluded relevant studies published in other languages. The focus
on peer-reviewed articles may have missed important findings reported in gray literature
or conference proceedings.

The heterogeneity of study designs, interventions, and outcome measures precluded
meta-analytic synthesis, limiting the ability to quantify overall effect sizes with precision.
The quality of evidence, while improved compared to previous reviews, remains generally
moderate, reflecting the relatively early stage of research in this field but limiting confidence
in the findings.

The limited number of studies that included follow-up assessments beyond immediate
post-intervention represents a significant knowledge gap regarding the persistence of XR-
facilitated motor and cognitive improvements.

5. Conclusions

This systematic review demonstrates that Extended Reality technologies, particularly
virtual and augmented realities, represent promising tools for supporting the educational
and motor development needs of neurodivergent children. The evidence indicates consis-
tent positive outcomes across multiple domains, including motor coordination, social skills,
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and attention, with high levels of engagement and acceptance from students, teachers,
families, and motor development specialists.

However, significant methodological limitations in the current research limit the
strength of evidence and generalizability of the findings. Small sample sizes, inadequate
control groups, limited follow-up periods, lack of age-stratified analyses, and inconsistent
use of standardized motor assessment tools represent critical gaps that must be addressed
in future research.

The successful implementation of XR technologies in neurodivergent education and
motor development requires more than technological innovation alone. Comprehensive
approaches that address teacher and specialist training, curriculum and therapy program
integration, safety protocols, technical support, and ongoing evaluation will be essential
for realizing the potential of these technologies.

Future research priorities should include large-scale randomized controlled trials with
age-stratified analyses, development of standardized assessment tools for XR-based inter-
ventions, investigation of long-term outcomes and skill generalization, and examination
of implementation factors in authentic educational and therapeutic settings. Additionally,
greater attention to ethical considerations, demographic diversity, stakeholder involvement,
and motor development expertise will be crucial for advancing the field.

While XR technologies show considerable promise for creating more inclusive and
effective educational environments that support both cognitive and motor development
in neurodivergent learners, realizing this potential will require sustained, systematic re-
search efforts and collaborative partnerships between researchers, educators, technology
developers, motor development specialists, and the neurodivergent community itself.

The investment in rigorous research and thoughtful implementation of XR tech-
nologies in neurodivergent education has the potential to significantly improve educa-
tional outcomes, motor development, and quality of life for this population. System-
atic reviews emphasize the importance of evidence-based frameworks for technology
implementation [12,13]. Furthermore, caregiver perspectives and family involvement are
critical for ensuring real-world applicability and technology acceptance [14]. Advanced
tools such as emotion recognition systems can enhance personalized interventions tailored
to individual learner needs [15], ultimately contributing to a more inclusive and equitable
educational system that addresses the comprehensive developmental needs of all learners.
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Highlights:

What are the main findings?

• Most functional cognitive assessments (n = 13) for children and adolescents with high
ecological validity remain unavailable in digital formats, highlighting a significant
gap between traditional tools and technology-based solutions.

• Digitization of these assessments offers potential benefits, such as improved accessibil-
ity, precision in data collection, and scalability; however, replicating real-life contexts
and capturing strategy use digitally remains challenging.

What is the implication of the main finding?

• Innovative digital tools are needed that successfully achieve high ecological validity
by preserving real-world context and observation of strategies, while maximizing
digital availability through advanced technologies (e.g., VR, mobile platforms).

• The proposed conceptual framework can guide clinicians, researchers, and develop-
ers in prioritizing features for future technology-enhanced assessments, promoting
evidence-based, context-sensitive evaluation practices.

Abstract: Background/Objectives: Functional cognition, integrating cognitive abilities dur-
ing real-life task performance, is essential for understanding daily functioning in children
and adolescents. Traditional paper-based cognitive assessments in controlled environments
often lack ecological validity. Although performance-based assessments more accurately
represent functioning in natural contexts, most have not been transformed into digital
formats. With technology increasingly embedded in education and healthcare, examin-
ing the extent/nature of adaptations, benefits, and challenges of digitizing these tools is
important. This conceptual review aimed to (1) examine the extent/nature of traditional
performance-based cognitive assessments adapted into digital platforms, (2) compare
ecological validity/scoring metrics of traditional and digital tools, and (3) identify oppor-
tunities and propose recommendations for future development. Methods: We used an
AI-based tool (Elicit Pro, Elicit Plus 2024) to conduct a literature search for publications
from the past decade, focusing on transformations of traditional assessments into digi-
tal platforms for children and adolescents. This initial search yielded 240 items. After
screening, 45 were retained for manual review. Studies were extracted based on their
discussion of the assessments (traditional or digital) and assessment tools used. Ultimately,
13 papers that met the inclusion criteria were evaluated based on units of analysis. Results:
The analysis yielded three units. The first unit focused on digital transformation trends:

Children 2025, 12, 1384 https://doi.org/10.3390/children12101384
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four assessments (31%) were converted to digital platforms, two (15%) were developed
as native digital tools, and the majority (seven, 54%) remained traditional. In the second
unit, assessments were evaluated according to ecological validity and digital availability,
demonstrating that assessments with high ecological validity tended not to be digitally
accessible. The third unit synthesized scoring metrics, identifying eight distinct cogni-
tive domains. Conclusions: Digitizing functional cognitive assessments offers greater
accessibility, precision, and scalability, but replicating real-world contexts remains challeng-
ing. Emerging technologies may enhance ecological validity and support development of
effective, technology-enhanced assessment practices.

Keywords: performance-based assessment; ecological validity; executive functions; cognitive
assessment

1. Introduction

Cognitive abilities play a pivotal role in performing daily activities, from simple
routines to complex tasks that require executive and metacognitive skills. For individuals
with cognitive impairments, even basic activities of daily living (ADLs) may present
significant challenges [1,2]. In occupational therapy and related disciplines, the concept of
functional cognition, the integration of cognitive abilities while performing real-life tasks,
has become increasingly relevant [3,4].

Although there is no universally accepted definition of functional cognition, it is gener-
ally conceptualized as the dynamic interplay between cognitive processes (e.g., attention,
memory, executive functions [EFs]), performance skills (e.g., motor abilities), and environ-
mental and task demands [5–7]. Functional cognition is best evaluated through direct task
performance rather than isolated cognitive testing because direct tasks more accurately
reflect an individual’s capacity to manage everyday demands [8–10].

Assessing functional cognition is a cornerstone of understanding daily performance,
particularly in children and adolescents, whose participation in ADLs and instrumental
ADLs is still developing [6,7,11]. Unlike traditional cognitive tests that evaluate isolated
domains, functional cognition assessments emphasize the integration of cognitive abilities,
such as attention, memory, and EFs, with motor skills, environmental demands, and task
complexity [5–7]. As such, they provide a more ecologically valid picture of the child’s or
adolescent’s ability to function in real-life contexts.

Ecological validity describes how accurately an assessment predicts performance in
natural environments [12]. It includes two essential components: representativeness and
generalizability. Representativeness describes how closely the assessment reflects real-life
situations, rather than artificially controlled tasks in a laboratory. Generalizability is the
degree to which the performance in the assessment predicts functioning in everyday
settings [3,4]. In this sense, performance-based assessments that simulate or observe
actual daily activities offer significant advantages over traditional formats, particularly in
capturing the real-world impact of cognitive challenges.

Thus, functional cognition is best evaluated in the context of actual task performance,
that is, occupational performance, rather than through decontextualized or standardized
conditions [8,9]. Performance-based approaches, including direct observation in natural-
istic environments or the use of simulated tasks, provide more accurate insight into the
interaction between cognitive processes, motor abilities, and environmental demands [13].

Moreover, such context-sensitive assessments align with professional standards and
national expectations for demonstrating meaningful outcomes in clinical practice [14]. They
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also support identifying concrete intervention targets in domains such as schoolwork,
play, social participation, and self-care, where cognitive demands intersect with emotional,
behavioral, and contextual factors [9].

Traditional assessments of functional cognition and EFs in children and adolescents
have relied predominantly on standardized tests and proxy-report questionnaires, typi-
cally using paper-and-pencil formats. These assessments are generally administered in
structured, controlled environments like clinics or schools [15]. A common example is
the Behavior Rating Inventory of Executive Function, widely used to assess EF-related
behaviors in home and school contexts through parents’ and teachers’ reports [16]. Another
widely applied tool is the Delis–Kaplan Executive Function System, which evaluates a
range of verbal and nonverbal EFs in children and adults through standardized tasks [17].
Although these traditional assessments are established and effective for identifying cogni-
tive deficits, they do not fully reflect how children and adolescents function in their natural,
everyday environments, thus limiting the assessments’ ecological validity.

In contrast, performance-based assessments focus on real-world tasks and appear to
offer greater ecological validity. These tools aim to provide a more in-depth understanding
of an individual’s functional cognitive abilities by capturing their use of strategies, perfor-
mance patterns, habits, routines, and contextual and environmental supports rather than
evaluating isolated cognitive domains such as attention, memory, or EFs [14,18]. Because
these assessments simulate or directly observe performance in meaningful daily activities,
they are seen as more representative of actual functioning and recognized as valuable al-
ternatives to traditional approaches [3,4]. Performance-based assessments are particularly
beneficial when conducted in real-life or simulated contexts that account for the dynamic
interplay between cognitive processes, motor skills, and environmental demands [13].

Bridging these two approaches, the Cognitive Functional Evaluation-Extended
model [19,20] integrates traditional cognitive tests with performance-based measures
to provide a comprehensive and context-sensitive evaluation of functional cognitive in
children and adolescents. This model combines the assessment of cognitive abilities, daily
performance, and environmental influences to reflect the dynamic and interactive nature of
cognitive functioning. It enables clinicians to develop a holistic understanding of a child’s
cognitive capabilities and how these abilities manifest in everyday life, supporting more
targeted and ecologically valid interventions.

The environments in which individuals function today—including schools, health-
care centers, workplaces, and social settings—are increasingly embedded with technol-
ogy [21,22]. Considering these rapid technological developments, growing attention has
been directed toward creating instruments that use digital platforms to assess functional
cognition. Over the past decade, platforms such as virtual reality (VR) environments,
wearable sensors, desktop-based software, and mobile applications have been shown to
enhance the ecological validity of cognitive assessments by facilitating real-time evaluation
in more naturalistic contexts [23].

Technology-based assessments offer a range of benefits. They provide increased
accessibility, allow the simulation of diverse and complex real-life scenarios, and support
data collection that is more precise and objective through automated scoring and advanced
analytics [24]. In addition, the expansion of telerehabilitation and remote healthcare services
has opened new avenues for evaluating cognitive functioning outside of traditional clinical
settings, making assessments more flexible and scalable [25,26].

Despite their promise, technology-based assessment tools pose several important
challenges that must be addressed. These include the need for rigorous methodological
precautions to ensure validity, reliability, and consistency in measuring outcomes [11,25,27].
Furthermore, for these tools to justify the resources required for their development and
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implementation, they must not only replicate the capabilities of traditional assessments
but also provide added value by improving measurement sensitivity, relevance, or effi-
ciency [28].

Although research on the feasibility of converting existing cognitive assessment tools
into technology-based platforms is ongoing, most studies have focused on general cogni-
tive tests. These efforts have explored whether digital platforms can maintain or enhance
the accuracy of assessment outcomes and the potential benefits and limitations of such
conversions compared to traditional methods [29]. However, to our knowledge, there has
been no specific investigation into the transformation of performance-based assessments of
functional cognition into digital tools. Hence, there is a significant gap in the current litera-
ture, particularly given the recognized ecological value of performance-based approaches
and the increasing integration of technology into educational and healthcare environments.

Against this backdrop, our conceptual review explores the feasibility, effectiveness,
and potential advantages of transforming traditional performance-based assessments of
functional cognition into digital platforms, focusing specifically on assessments for children
and adolescents. Figure 1 illustrates the components of functional cognition and their
interrelations. The figure leans on the established definition of functional cognition to
better describe this complex term.

Figure 1. The components and interrelations of functional cognition.

Building on the current literature and theoretical perspectives, this review aims to
contribute to the evolving discussion on how technological innovations can support more
context-sensitive and developmentally appropriate cognitive assessments. By highlighting
emerging directions and identifying key considerations for future development, the review
aspires to advance more accurate, effective, and ecologically valid assessment tools that
can be integrated into real-world clinical and educational settings. Hence, the specific
objectives of this conceptual review are to
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1. Examine the current extent and nature of adaptations of traditional performance-
based cognitive assessments into digital platforms.

2. Compare the ecological validity and scoring metrics of traditional tools versus digi-
tal platforms.

3. Identify opportunities and propose evidence-informed recommendations for the fu-
ture development of digital platforms for functional cognition assessment in children
and adolescents.

2. Materials and Methods

This study follows Jaakkola’s [30] template for constructing a conceptual review.
In this method, the researchers classify and organize concepts into categories based on
shared characteristics to facilitate clearer understanding and analysis. To gather and
perform an initial search and analysis of relevant literature for this review, we utilized
Elicit [https://elicit.com/] using the Pro license. Elicit is an AI-powered research assistant
designed to facilitate evidence synthesis by retrieving, summarizing, and structuring
information from academic sources. Elicit searches across over 126 million academic papers
from a corpus of open-access and non-open-access studies across all academic disciplines
[https://support.elicit.com/en/categories/146369, accessed on 29 September 2025]. The
study selection process was performed by three independent researchers. An AI-assisted
search, completed in September 2025, identified an initial 240 items. After a title and
abstract screening, 45 were retained for manual review. Following a full-text analysis,
13 studies met the final inclusion criteria. The implementation of artificial intelligence tools
adheres to the TITAN guidelines (for details, see Supplementary Materials).

The data extraction procedure involved the following steps:

1. Structured search query: The query was entered into the Elicit “Find Papers” feature,
which retrieves relevant academic articles based on the prompt, “Find papers related
to the following topic—transforming traditional functional cognitive assessments
into digital platforms: feasibility, effectiveness, and potential advantages for children
and youth.”

2. Filtering and refining results: using built-in filters for publication year (e.g., last
10 years to focus on recent advancements), as well as English-language publication

3. Extracting key information in the following categories: (a) title, authors, and pub-
lication year, link to full text, and number of its citations; (b) abstract summary;
(c) performance-based (yes/no); (d) transformation to digital platform (yes/no); (e) re-
mote administration (yes/no); and (f) advantages and disadvantages.

4. Based on this selection, another thorough manual process was applied. This sec-
ond analysis focused on identifying manuscripts that discussed performance-based
cognitive assessments on either traditional or digital platforms. Of the initial 240
papers, the resulting data totaled 45 papers, which were exported into a spreadsheet
for further in-depth manual analysis performed by all the researchers.

5. To mitigate potential biases from the AI-assisted search, such as the under- or over-
retrieval of certain literature, a thorough manual review of all results was conducted.
This manual screening involved excluding papers that discussed only intervention
tools (e.g., computer programs, mobile applications, web and video conferencing plat-
forms, computerized cognitive behavioral therapy interventions, cognitive training,
and neuro-feedback) and not assessment tools. Non-performance-based cognitive
assessments, such as interviews, were also excluded. Papers were also excluded if
they involved participants other than children or adolescents or the researchers had
not identified the selection as an academic manuscript. Thirteen papers covering vari-
ous assessment methods, including traditional paper-and-pencil tests, tablet-based
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assessments, computerized neuropsychological tests, game-based assessments, and
remote teleassessments, remained.

From the 13 articles that met the inclusion criteria, one unique assessment tool was
identified and analyzed from each. Therefore, this study is based on the analysis of
13 assessment tools, with each tool counted only once. This analysis process also involved
multiple stages: (1) Screening: Abstracts were reviewed to ensure relevance. (2) Full-
text review: Articles meeting the criteria were reviewed in detail. (3) Discussions about
performance-based assessments were further analyzed for the advantages or disadvantages
of transformation. (4) Data extraction: We identified key concepts to establish the units of
analysis. These key concepts were structured into tables and categorized, as detailed in
the Results.

3. Results

Three key units of analysis emerged in our analysis of data from all 13 assessments
regarding challenges and implications of digital cognitive assessment platforms: (a) digital
transformation trends, (b) ecological validity and digital platforms, and (c) scoring metrics
across cognitive domains.

3.1. Trends in Adapting Traditional Performance-Based Cognitive Assessments into
Digital Platforms

Table 1 presents an overview of 13 cognitive performance-based assessment tools
targeting various populations of children and adolescents, assessment methodologies, and
their digital-platform transformations. Among those assessments, four (31%)—the Chil-
dren’s Memory Test (CMT), Tower of London, Weekly Calendar Planning Activity (WCPA),
and Wisconsin Card Sorting Test for children (WCST)—had been converted to digital plat-
forms. In addition, two (15%) assessments—the Adaptive Cognitive Evaluation Explorer
(ACE-X) and Cambridge Neuropsychological Test Automated Battery (CANTAB)—had
been digitized natively. The other seven (54%), particularly EF and general cognitive
assessment tools, remained entirely traditional.

The 13 assessments addressed diverse populations, focusing on general cognitive
abilities, attention deficit hyperactivity disorder, autism spectrum disorders, EF deficits,
learning disabilities, and neurodevelopmental delays. Newly added tools, such as the
WCPA [31] and the Children’s Cooking Task (CCT) [32], provided ecologically valid mea-
sures of functional cognition, emphasizing real-world EF challenges.
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3.2. Ecological Validity of Traditional Tools Versus Digital Platform Assessments

The digital transformation of assessments necessitates an evaluation of their ecological
validity and digital platforms. Figure 2 presents a conceptual map illustrating the posi-
tioning of functional cognitive assessments for children and adolescents along two key
dimensions: ecological validity and digital platforms. The vertical axis reflects how well
each tool simulates real-life tasks, ranging from low (lab-based tasks) to high (real-life or
role-play scenarios mimicking daily functioning). The horizontal axis classifies tools by
their digital platforms: non-digital (paper-based only), transferred to digital (originally
analog, now also in digital format), or developed as native digital platforms. Assessments
such as the WCPA, Do-Eat, and Birthday Task Assessment are in the top-left quadrant, in-
dicating high ecological validity with no digital availability. Assessments like the CMT and
Test of Everyday Attention for Children (TEA-Ch) are in the moderate-middle quadrant,
suggesting partial contextual relevance and availability in transferred digital formats. Only
the ACE-X is in the top-right quadrant, representing both high ecological validity and a
native digital format. Conversely, lab-based tools, such as the Tower of London, WCST, and
CANTAB, occupy the lower cells, reflecting lower contextual relevance despite varying
digital availability.

Figure 2. Conceptual map of functional cognitive assessments.

3.3. Scoring Metrics Across Cognitive Domains

We conducted a classification process based on content analysis of the assessment char-
acteristics to better understand the distribution of scoring metrics used across assessment
tools for functional cognition in children and youth. We reviewed and categorized each
assessment according to the type of cognitive functions it evaluated, with specific attention
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to whether performance-based scoring metrics were used to quantify ability. Guided by
widely accepted theoretical frameworks in neuropsychology and rehabilitation sciences,
we identified eight core cognitive domains for grouping the assessments. These domains
reflect the primary constructions evaluated by most tools in the reviewed table and are
consistent with contemporary EF and cognitive performance models.

3.3.1. Rationale for the Eight-Domain Classification

The eight-domain classification was designed to reflect the multifaceted nature of
functional cognition, recognizing that successful performance of daily activities requires
coordinated use of multiple cognitive abilities. By grouping assessment tools according to
their primary focus, such as EFs, attention, memory, or sequencing and organization, this
framework clarifies which abilities an assessment directly measures and which measures
only infers indirectly through performance patterns, strategy use, or errors.

3.3.2. The Seven Domains

• Executive functions: This broad category encompasses planning, inhibition, self-
monitoring, cognitive flexibility, and strategy use. Most instruments reviewed assessed
at least one executive component, justifying the domain’s centrality.

• Attention: Sustained, selective, and divided attention were clustered as a distinct
domain, given that several assessments exclusively targeted attentional capacity inde-
pendent of broader executive processes.

• Processing speed: Assessments measuring reaction time, information processing
efficiency, and cognitive fluency were grouped under this domain.

• Problem-solving and planning: This domain included assessments that required
multistep reasoning, hypothesis generation, and goal-directed behavior (e.g., Tower of
London, WCPA).

• Sequencing and organization: Specific to everyday tasks requiring ordered steps and
spatial-temporal organization, this domain emerged from assessments such as the
Do-Eat and cooking tasks.

• Memory: This domain encompasses immediate recall and the ability to hold and
manipulate information during task performance. It included encoding, storage, and
information retrieval processes essential for everyday functioning. Assessment tools
that capture this domain include the CMT, ACE-X, and selected CANTAB subtests.

• Emotional/social cognition: Although assessed less frequently than the other domains,
we retained this domain to reflect assessments that include affect recognition and social
reasoning, particularly in computerized batteries like the CANTAB.

We mapped each assessment tool to one or more identified domains, depending on
the tool’s primary constructs and subtests. Assessments appearing in multiple domains
were counted in each relevant category. To quantify the frequency of scoring metrics used
across domains, we calculated the number of distinct assessments that utilized scoring
metrics within each domain. A bar chart was then constructed (Figure 3) to represent this
distribution visually. Each bar in the chart corresponds to a cognitive domain; the bar
length indicates the number of assessments using scoring metrics in this domain. The
names of the assessment tools contributing to each domain are displayed alongside the
bars for clarity and transparency.
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Figure 3. Frequency of assessment tools using scoring metrics across eight cognitive domains.

4. Discussion

This conceptual review aimed to evaluate the transformation of traditional functional
cognitive assessments into digital platforms. The data extraction yielded three primary
units of analysis: digital transformation trends, ecological validity and digital availability,
and scoring metrics across cognitive domains.

4.1. Digital Transformation Trends

This study examined 13 functional cognition assessments in the context of daily life.
These assessments, designed for children and adolescents with various conditions (e.g.,
neurodevelopmental disorders), cover a wide age range. They have been standardized
and validated for reliability and validity. Interestingly, very few are digitally available,
and many were not originally developed for digital formats. This lower digital availability
likely reflects the difficulty of capturing daily settings digitally and its inadequacy for
evaluating certain cognitive abilities. Assessments such as the CCT [32] and the Do-Eat [49]
assess cognitive performance in complex daily activities using daily scenarios, a feature
that is difficult to replicate on a digital platform. Likewise, the WCPA [31,37] relies on
direct observation of performance and strategy use, two crucial elements that could be
compromised if the assessment were digitized.

Specifically, cognitive strategies—mental action plans individuals use to approach chal-
lenging tasks systematically—are considered integral to typical learning and performance.
These strategies can often be observed during or immediately after the execution of a task
and are crucial for children and adolescents to acquire motor skills and achieve occupational
performance [65,66]. Their need for a therapist’s direct observation makes transforming
these traditional assessments into digital platforms particularly challenging.

Conversely, technological platforms offer inherent advantages, such as enhanced data
precision and efficiency. They can capture fine-grained performance metrics (e.g., reaction
times, eye-tracking) by recording micro-level behavioral data [67]. Furthermore, digital
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platforms can reduce therapist workload and enable large-scale data collection. As Condy
et al. [68] demonstrated, tablet-based assessments allow efficient testing with reduced
therapist involvement.

However, according to previous studies, therapists may not be comfortable moving
away from traditional methods due to concerns about accuracy and personal interac-
tion [69,70]. Considering the potential of technological platforms, assessments that are
indeed digitally available could be incorporated into clinical practice.

4.2. Ecological Validity and Digital Availability

Positioning the assessments along two axes—one examining ecological validity, and
the other digital examining availability—allows analysis of their practical utility. Our
analysis revealed a key challenge: Assessments that effectively represent real-world daily
performance through engaging, ecological scenarios are often the most difficult to replicate
in a digital environment without compromising validity.

Our findings illustrate this digital trend, showing that assessments with high ecological
validity (e.g., WCPA, Do-Eat, Birthday Task) tend to lack digital availability. The ACE-
X was an exception, demonstrating ecological validity and native digital format. Other
assessments, including the CMT and TEA-Ch, fell in the middle; they showed partial
contextual relevance and availability in transferred digital formats. The Tower of London,
WCST, and CANTAB had lower contextual relevance despite their varying degrees of
digital availability.

Innovative technological advancements, particularly in VR, have opened new avenues
for enhancing the ecological validity of cognitive assessments [71]. Current VR environ-
ments show promise for improving ecological validity because they offer more realistic
evaluations of daily cognitive abilities. The VR-based tasks have demonstrated correlations
with traditional EF tests but better reflect everyday behavioral functioning [15]. Therefore,
incorporating more advanced technology into such assessments may increase the ability to
transform them into digital platforms.

4.3. Scoring Metrics Across Cognitive Domains

The scoring metrics classification process resulted in seven core cognitive domains:
EFs, attention, processing speed, problem-solving and planning, sequencing and organi-
zation, memory, and emotional/social cognition. These classifications clarify the specific
cognitive constructs each assessment addresses. They also highlight which abilities are
directly observable during task performance and which are inferred indirectly from perfor-
mance patterns, strategy use, or errors.

Recognizing the variability across these domains underscores the multifaceted nature
of functional cognition and the diverse skill set children and adolescents need to navigate
daily life successfully [5,72]. Within the context of this review, the eight-domain framework
serves as a comparative tool for mapping assessments, identifying coverage gaps, and
guiding the selection or development of tools—particularly in the transition from tradi-
tional to digital platforms—to ground clinical and research decisions in a comprehensive
understanding of cognitive demands.

4.4. Limitations and Future Directions

There are several limitations to this study. First, the review identified only 13 stud-
ies. Although this small number likely reflects the general scarcity of digitally available
ecological assessments, future research could include, for instance, gray literature, such as
doctoral dissertations and conference proceedings, which may report on emerging digital
tools before they appear in peer-reviewed publications. Second, the complex definition
of functional cognition complicates the application of inclusion criteria. Because the term
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is relatively new [3,4,73], we included many studies based on our interpretation that they
measured functional cognition—even if they did not explicitly use the term. It would be
useful if future studies developed criteria for measuring functional cognition. Finally, fu-
ture studies should establish the validity and reliability of these digital tools by examining
their measurement invariance, usability, and social validity with children and caregivers in
naturalistic settings, which could contribute to the future development of digital functional
cognitive assessments.

5. Conclusions

Although research has explored the digitalization of traditional assessments, the
specific transformation of performance-based functional cognition assessments into digital
tools remains a gap in the literature. Transforming functional cognitive assessments
into digital formats represents a significant opportunity to enhance their accessibility,
accuracy, and inclusivity [74,75]. However, to justify investment in their development
and implementation, technology-based tools should not only replicate but also enhance
traditional assessment features [28].

The conceptual model developed in this review is grounded in three core evaluative
dimensions: technological availability, ecological validity, and scoring metrics across cogni-
tive domains. By integrating these dimensions, our model offers a structured framework
for mapping and comparing functional cognitive assessments for children and adolescents.
Positioning tools along the axes of ecological validity and digital availability and overlaying
their distribution of scoring metrics allows clearer differentiation between assessments that
may appear similar in purpose but diverge in their capacity to capture real-world cognitive
performance or to leverage technological platforms.

This perspective facilitates identifying gaps, such as the absence of highly ecologically
valid tools in native digital formats. It provides a basis for examining how well existing
assessments align with contemporary clinical, educational, and technological demands.

Building on this framework, the model sharpens our ability to distinguish between
specific assessments, highlighting their relative strengths, limitations, and potential for
digital transformation. The findings derived from this framework have direct implications
for practice and future development. For therapists, this model can guide the selection of the
most appropriate assessments. For technology developers, it can inform the incorporation
of more advanced tools capable of capturing nuanced behavioral observations in realistic
daily contexts. For certain tools, such as the WCPA, it may be possible to incorporate
digital features through a data-logging platform that records responses on a touchscreen or
captures user actions via video, thereby supporting more efficient scoring and reducing the
cognitive load of the examiner.

Finally, for researchers, the model encourages the continued exploration of traditional
assessments’ ecological validity while recognizing the unique research advantages of com-
puterized tools, particularly VR-based platforms that automatically record process-oriented
data. Such tools save valuable interaction time with participants while providing detailed
step-by-step insights into functional cognition and its underlying cognitive components,
most notably EFs, thereby enhancing the efficiency and depth of cognitive evaluation.
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is cited in Supplementary Materials.
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Abbreviations

The following abbreviations are used in this manuscript:

ADL Activity of daily living
ACE-X Adaptive Cognitive Evaluation Explorer
BADS Behavioral Assessment of the Dysexecutive Syndrome
CANTAB Cambridge Neuropsychological Test Automated Battery
CCT Children’s Cooking Task
CMT Children’s Memory Test
EFs Executive functions
TEA-Ch Test of Everyday Attention for Children
VR Virtual reality
WCPA Weekly Calendar Planning Activity
WCST Wisconsin Card Sorting Test
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Abstract: Background: The acquisition of adaptive skills is critical for independence
and participation in activities of daily living (ADL). While caregiver perceptions provide
valuable insights, most studies on autistic participation have focused on older children
and relied on one-time clinic-based assessments. As a result, little is known about how
autistic toddlers function in their natural environments across time. Ecological momentary
assessment (EMA) is a real-time, context-sensitive method in which parents can report
behaviors at multiple time points in the child’s natural environment. This pilot study
aimed to examine ADL independence in autistic toddlers compared to their typically
developing (TD) peers, to assess the feasibility of using EMA in early childhood, and
to compare EMA-based assessments with a one-time standardized report. Methods: 23
autistic toddlers and 28 TD toddlers (aged 18–40 months) participated in the study. Parents
completed a one-time report on the self-care scales of the Pediatric Evaluation of Disability
Inventory (PEDI) and the Functional Independence Measure for Children (WeeFIM) and
then rated their child’s independence on the WeeFIM twice a day for two weeks via their
smartphones. Results: EMA was feasible with high response rates (ASD: 91.1%, TD:
88.55%). Autistic toddlers showed different participation profiles, with less independent
performance in ADL compared to TD peers. In the autism group, the average EMA
scores (M = 16.53, SD = 6.58) were significantly higher than the one-time WeeFIM scores
(M = 13.74, SD = 5.23), t (22) = 3.23, p < 0.01, suggesting underreporting in single-time
assessments. In contrast, no such difference was found in the TD group. Significant
positive correlations were found between the EMA mean and the one-time WeeFIM scores
in both groups (r > 0.80), indicating convergent validity. In the autism group only, greater
variability in EMA was moderately associated with higher functional independence (r =
0.46, p < 0.01). Conclusions: These findings indicate that autistic toddlers demonstrated
higher levels of participation in their natural environment than reflected by the one-time
assessment, emphasizing the limitations of single-time-point evaluations. This underscores
the importance of collecting data across multiple time points to accurately assess adaptive
functioning and ADL participation. The EMA technique demonstrated in this study
provides exploratory evidence of feasibility as an ecologically valid approach to assessing
functional independence in autistic toddlers, offering a richer and more context-sensitive
alternative to traditional one-time clinical assessments.

Children 2025, 12, 1316 https://doi.org/10.3390/children12101316
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1. Introduction

Autism spectrum disorder (ASD) is a lifelong neurodevelopmental condition, char-
acterized by differences in social communication and social interaction across multiple
contexts; along with repetitive patterns of behavior, interests, or activities; and distinctive
sensory processing [1]. These characteristics are increasingly discussed within a neurodi-
versity perspective, which emphasizes variability, strengths, and support needs, rather than
focusing solely on difficulties [2]. Prevalence has been increasing worldwide [3–5]; in the
United States, the most recent ADDM surveillance (2022) estimated that about 3.2% (one in
31) of 8-year-old children were identified with ASD in 2022 [6]. Autism is diagnosed more
frequently in males than in females, with a male-to-female ratio of 3.4 among 8-year-olds
in the U.S. [6], and a median ratio of 4.2 reported in a recent global systematic review [7].
ASD characteristics typically emerge in early childhood, with the earliest observable fea-
tures appearing at 12–18 months of age [8,9]. Most autistic children can be diagnosed by
18–24 months [3,10].

According to the International Classification of Functioning, Disability and Health
(ICF), participation is defined as the individual’s involvement in everyday activities and
routines, and is considered a key component of health and functioning [11]. Participation af-
fects children’s behavioral and emotional well-being, social relationships, and overall men-
tal and physical health [12]. Through participation, children develop essential skills, form
interpersonal relationships, achieve self-satisfaction, and gain a sense of self-worth [13].
These processes are especially critical during early childhood, a period when foundations
for daily occupations such as activities of daily living (ADL) are established [14].

During the toddler years, children are expected to refine adaptive skills, including
self-care tasks, and develop independence in activities such as feeding, dressing, and
toileting [15]. These years are pivotal for acquiring foundational skills that support future
productivity and well-being [10]. ADL in early childhood includes basic self-care activities
such as self-feeding, bathing, dressing, personal hygiene, and grooming [16]. Mastery of
these skills is supported by concurrent development of fine motor, gross motor, cognitive,
and social-emotional abilities [17]. However, due to the unique characteristics of autism,
many autistic children and their caregivers factors that may constrain participation op-
portunities, which can influence both the number and diversity of activities in which they
engage [18,19]. Previous studies have shown that nearly 50% of young autistic children are
unable to perform self-care activities independently [20], and consistently demonstrate dif-
ferent adaptive skill profiles, characterized by less independent performance in daily living
skills relative to their TD peers [21]. These early differences in adaptive skills underscore
the need for targeted early intervention to promote independence.

In addition to these challenges, differences in functional activities and adaptive func-
tioning in autistic toddlers can serve as early markers for later developmental outcomes [22].
These differences emphasize the importance of early assessment to monitor development
and guide future support and intervention planning. Knowledge of the determinants of
self-care participation assists with decisions about how to intervene to support optimal
independence [23].

Asking for a caregiver’s perceptions of their child’s ADL participation and competence
can provide valuable information about the child’s functioning [24]. However, most
previous studies have focused on older children and relied on one-time assessments
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conducted in clinical settings [20,21]. Thus, little is known about the participation of
autistic toddlers in their natural environments over time.

EMA is an intensive longitudinal sampling approach in which parents can report
behaviors and contexts at multiple time points, as they occur in their natural environ-
ment [25,26]. While EMA methods vary in design, they all share three common characteris-
tics [27]: (1) sampling a behavior or phenomenon over multiple occurrences; (2) observing
subjects in their natural environments, increasing the ecological validity of the assessment;
and (3) aiming to minimize recall bias by reporting a targeted phenomenon as close to the
event as possible. Traditional standardized tools such as the PEDI [28] and WeeFIM [29]
are typically administered as one-time reports. However, such parent-report measures
may be influenced by parental stress, as parents of children with developmental delays are
at heightened risk for chronic stress that can impair memory and comprehension [30], as
well as by recall bias and context-specific factors [31]. In contrast, EMA captures multiple
instances of behavior across natural settings, providing richer and potentially more valid
insights into functional independence, although it does not fully eliminate recall bias [31].
Given the unique aspects of EMA, it has the potential to help bridge knowledge gaps in
autism research by capturing real-time experiences that might be missed in traditional
assessments [32].

EMA has been employed with the autistic population to report specific areas such as
negative emotions and depression [27], social experiences [33,34] and coping [35] as well
as to assess leisure participation [36]. However, these studies have focused on adolescent
and adult populations. While EMA has been used in these studies to explore emotional
and social concerns in autistic individuals, to our knowledge, no EMA study has focused
specifically on ADL participation patterns among autistic toddlers.

The main goal of this study was therefore to track the ADL independence profiles of
autistic toddlers, and compare them to TD toddlers, using EMA. Our specific aims were to:
(a) assess the feasibility of EMA for collecting information regarding ADL among toddlers
focusing on a twice-daily measure; (b) describe and compare the independence of the
two groups in a variety of ADL; (c) compare the EMA results with standardized one-time
assessments to examine their convergent validity; and (d) examine the associations between
the standard one-time reports and EMA, in terms of mean and variance.

We hypothesized that: (a) EMA would prove a feasible method for collecting infor-
mation about ADL participation among the two groups; (b) compared to their TD peers,
autistic toddlers would show different participation profiles with less independent in-
volvement exhibit less independent participation in the variety of ADL self-care functions;
(c) EMA results would demonstrate convergent validity when compared with standardized
one-time measurements; and (d) As an exploratory hypothesis, we examined whether
positive correlations would be found between the EMA mean and variability and the
one-time report measure.

2. Materials and Methods

2.1. Participants

The study included a sample of 51 toddlers aged 18–40 months: 23 autistic toddlers
and 28 TD toddlers. The sample size was calculated based on a study by Provost et al. [37].
The sample size needed was calculated using G*power version 3.1 and based on a medium-
to-large effect size (d = 0.7), a power of 0.8, and α = 0.05., with an allocation ratio of 1:1.
The necessary sample size was therefore 52 participants (26 for each group). Using a conve-
nience sampling method, the autistic toddlers were recruited from rehabilitation daycare
centers in central Israel, via parent networks and professional contacts, supplemented by
a snowball sampling method through media resources. The TD toddlers were recruited
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through acquaintances and media resources, using snowball sampling. The inclusion
criterion for both groups was adequate parental understanding of the Hebrew language.

For the autism group, parents reported that their child had received a clinical diag-
nosis of autism by either a neurodevelopmental pediatrician, a pediatric neurologist, a
child-adolescent psychiatrist, or a psychologist, according to the American Psychiatric
Association DSM-5 classification [1], reported by parents. Exclusion criteria were children
diagnosed with a developmental disorder other than autism; and/or interfering factors
such as significant visual, hearing, or motor deficits. No standardized IQ assessments
were administered.

Exclusion criteria for the TD group were any parental concerns in developmental
areas of cognitive speech, motor skills, or behavior, according to the child’s parental report.
The sample was described by age, gender, number of siblings, parental years of education,
and housing density (persons per room) as an indicator of socioeconomic status. These
demographic variables were collected to characterize the sample and control for potential
confounders in statistical analyses.

2.2. Measures
2.2.1. Demographic Questionnaire

An online demographic questionnaire specifically developed for this study included
15 questions to collect personal and socioeconomic information. The questionnaire covered
the child’s age at assessment (in months), gender, and number of siblings. Additionally, it
collected parental education level and a measure of socioeconomic status, such as housing
density (persons per room). Completion time was approximately 5–10 min.

2.2.2. Pediatric Evaluation of the Disability Inventory (PEDI; [28])

PEDI is a functional assessment instrument designed for evaluating function in chil-
dren with various disabilities aged 6 months to 7.5 years. It is a judgment-based parent-
structured interview used by professionals [38]. When completed by a professional, the
administrator should have a background in pediatrics, experience with children with dis-
abilities, and strong training in child development [28]. PEDI measures are both functional
performance and capability in three domains: (a) self-care, (b) mobility, and (c) social
functioning. The functional skills scale consists of 197 items, each scored ‘unable’ (0) or
‘capable’ (1). Administration of the full PEDI (197 items across three domains) typically
requires 45–60 min. The final score is the summation of the scoring on all items and can be
computed in every domain. In the current study, the Researcher used the self-care domain
(73 items) only, which covers eating, grooming, dressing, and personal hygiene, ranging
from 0 to 73 [28]. The researcher, a trained occupational therapist, administered the tool in
Hebrew, a version that has been previously used [39]. In the present study, completion of
the self-care domain typically required 15–20 min. The PEDI has high internal consistency
has been found for each of the scales, with Cronbach’s alpha coefficients ranging from 0.95
to 0.99 [28]. PEDI has been suggested as a gold standard measure [19].

2.2.3. Functional Independence Measure for Children (WeeFIM; [29])

WeeFIM is a pediatric functional independence measure developed for children aged
6 months to 7 years with physical and/or mental disabilities. It is administered in a semi-
structured interview of around 15 min. The self-care domain used in our study includes
eating, grooming, bathing, dressing, and toileting, with each task rated from 1 (requiring
total assistance) to 7 (complete independence). The final score sums up all 18 items, ranging
from 18 to 126 points. The final score in each category can be referenced to normal scores by
age group. The WeeFIM has been widely studied and was found to have strong reliability
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and validity: internal consistency (Cronbach’s α) is 0.90, interrater-interclass correlation is
0.73–0.94, and test–retest interclass correlation is 0.97 [40].

2.2.4. Ecological Momentary Assessment (EMA)

EMA data reported by the toddlers’ parents provided ecological information about
the degree of the child’s dependency in ADL participation. Data was collected through
a Qualtrics link sent to the parents’ smartphones twice daily- after the morning rou-
tine (8:00 AM) and after the evening routine (8:00 PM), over 10 consecutive weekdays
(Sunday–Thursday for two weeks). The EMA form, developed for the study population,
comprised all six items of the WeeFIM self-care domain (eating, grooming, bathing, dress-
ing upper body, dressing lower body, and toileting), plus an additional item assessing
sleeping/waking as an exploratory item to capture broader daily routines. The introductory
instruction read: “Kindly assess the level of independent participation of your child during
the current morning/evening in the specified activities” Each item was rated on an 8-point
scale: 1 = total assistance; 7 = complete independence; 8 = not relevant. “Not relevant”
responses were coded as missing values and excluded from analyses. The meaning of
each rating point was explained to parents during the initial session to ensure consistent
interpretation. Completion time was approximately 1–3 min.

Two EMA-derived variables were calculated for each participant: (1) mean EMA score,
representing the child’s average independence level across all days and activities; and
(2) standard deviation of EMA scores, representing variability in independence across
contexts and times. Variability was examined to explore whether children whose inde-
pendence fluctuated more between contexts differed in their one-time assessment scores
compared to those with more consistent performance. Final EMA scores were calculated as
the average of all items across all responses, and standard deviations were calculated to
reflect variability in participation.

2.3. Procedure

Approval for the study was obtained from the Ethics Committee for Non-Medical Hu-
man Studies in the Faculty of Medicine, The Hebrew University of Jerusalem. Participants
provided online informed consent prior to participation. Data collection took approxi-
mately 6 months. All interactions with participants were conducted by an occupational
therapist. Participants completed an online demographic questionnaire and thereafter, the
researcher scheduled a Zoom video meeting with each participant. In this meeting, parents
received an explanation of the scales and completed the self-care domains of both the
PEDI and the WeeFIM in a semi-structured interview via Zoom, conducted by a licensed
occupational therapist with professional training and experience in their administration. In
the second stage, every Sunday through Thursday for two consecutive weeks, participants
received smartphone messages twice a day, 8 AM and 8 PM, with a link to complete the
EMA questionnaire (described in Measures). Thus, each participant contributed up to
20 data points (two prompts per day for 10 days). Parents were encouraged to respond in
real time. Response rates and patterns of missing data were recorded to evaluate feasibility
and data completeness.

2.4. Data Analysis

The variables were analyzed using IBM SPSS software (version 26 Descriptive statistics
and normality tests were conducted for all variables. Independent-samples t tests and chi-
square tests compared the autism and TD groups on demographic variables. Feasibility of
the EMA was assessed through calculation of overall and group-specific response rates, as
well as examination of missing data patterns across days and time points. EMA means were
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calculated from available responses only, with missing values (including ‘not relevant’)
excluded from the analyses.

Analysis of covariance (ANCOVA) was used to compare groups on the one-time report
(WeeFIM), controlling age and maternal education (entered as covariates). Multivariate
analysis of covariance (MANCOVA) compared the groups on specific EMA activities, as
well as EMA total average and total variability, also controlling for these covariates. Follow-
up ANOVAs identified the sources of significant effects. Paired-samples t tests compared
WeeFIM and EMA scores within groups. Pearson correlation coefficients examined asso-
ciations between the WeeFIM score and EMA-derived variables (mean and variability).
Variability analyses were conducted to explore whether greater fluctuation in daily inde-
pendence levels was associated with differences in the one-time report, providing insight
into contextual effects on ADL performance. Bonferroni corrections were not applied to
preserve statistical power, given the pilot nature of the study and the small sample size.

3. Results

The demographic characteristics of the two groups are presented in Table 1. Inde-
pendent t tests and chi-square analyses revealed no significant group differences in the
number of siblings, father’s years of education, mother’s years of education, or housing
density. However, significant differences emerged in both age (t = 5.32, p < 0.001), with
autistic toddlers being older than their TD peers, and gender (χ2 = 4.31, p = 0.03), with a
higher proportion of males in the autistic group (78.2%) compared to the TD group (50%).
Therefore, age was included as covariate in all subsequent hypothesis-testing analyses.
Since no significant gender differences were observed in the dependent variables, gender
was not included as a covariate.

Table 1. Demographic characteristics of the two groups.

Demographic Information Autistic Group (n = 23) TD Group (n = 28)

Age at assessment, months; M (SD), range 32.13 (4.65), 23–40 24.93 (4.86), 18–35 t = 5.32 (p < 0.001)
Gender (% males) 18 (78.2) 14 (50) χ2 = 4.31 (p = 0.03)

Number of siblings; M 0.87 1.07 t = −0.68 (p = 0.50)
SES

Mother years of education; M (SD), range 15.04 (2.55), 12–20 16.71 (2.17), 15–22 t = −2.52 (p = 0.15)
Father years of education; M (SD), range 14.52 (2.27), 12–18 14.71 (3.65), 8–22 t = −0.22 (p = 0.83)

Housing density, M (SD) 0.94 (0.24) 1.06 (0.34) t = −1.35 (p = 0.18)
Note. SES = Socioeconomic Status; Housing density—persons per room. M = mean, SD = Standard deviation.

Preliminary Analyses. Tests of normality (Shapiro–Wilk) were conducted for all depen-
dent variables within each group. Results indicated that most variables did not deviate
significantly from normality (all ps > 0.05), except for WeeFIM scores in the autistic group
(p = 0.008).

3.1. Aim 1: EMA Feasibilty in the Two Groups

Parents in both groups demonstrated high response rates (autistic group: M = 18.22,
SD = 1.98; TD group: M = 17.71, SD = 2.58), corresponding to 91.1% (Figure 1) and 88.55%
(Figure 2) of the maximum possible responses, respectively. An independent t test revealed
no significant difference between the groups in the number of responses, t (49) = 0.76,
p > 0.5.

3.2. Aim 2: Comparison Between Groups of Independence in ADL

The conducted MANCOVA included age and mother education as covariances since
they were found to be significantly different between the groups. MANCOVA yielded
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significant differences between the autistic group and TD groups in PEDI and WeeFIM
mean scores F (2, 46) = 18.45, p < 0.001, η2 = 0.44. To examine the significance source, each
variable’s data were subjected to univariate ANOVA. Significant differences were found in
PEDI F (1, 47) = 37.53, p < 0.001, η2 = 0.44, and in the WeeFIM F (1, 47) = 25.12, p = 0.000,
η2 = 0.35. The results of this analysis showed that the TD toddlers received significantly
higher scores (indicating better performance) than the children with autism in both one-
time report measures. The mean and standard deviations of the measures are presented in
Table 2.

Figure 1. Histogram showing the frequencies of EMA responses in the ASD group.

Figure 2. Histogram showing the frequencies of EMA responses in the TD group.

Table 2. Comparison of the PEDI and the WeeFIM Measures Between the Groups.

Autistic Group (n = 23) TD Group (n = 28)

M SD M SD F η2

PEDI 25.61 12.44 41.43 9.63 16.02 *** 0.44
WeeFIM 13.74 5.24 20.21 6.01 12.93 *** 0.35

Note. PEDI = Pediatric Evaluation of Disability Inventory; WeeFIM = The Functional Independence Measure for
Children. *** p < 0.001.

To examine whether Specific activities will differ between the groups, The MANCOVA
applied to the seven EMA variables (eating, grooming, bathing, dressing upper-body, dress-
ing lower-body, toileting, and waking\sleeping) yielded statistically significant differences
between the ASD and the TD groups F (7, 41) = 3.34, p = 0.007, η2 = 0.36. Univariate
ANOVAs were performed on the data for each variable. The mean and standard deviations
of the measures are presented in Table 3. The results of this analysis showed that the TD
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children received significantly higher scores (i.e., performed better) in eating, grooming,
bathing, dressing lower-body, toileting, and waking\sleeping variables. No significant
group differences were found for upper-body dressing. The mean and standard deviations
of the variables were also computed. The average score of the EMA was significantly higher
than the TD group, and the variability of the TD group was higher, but it did not reach the
significant threshold (p = 0.073).

Table 3. Comparison of EMA results between the two Groups.

Autistic Group (n = 23) TD Group (n = 28)

M SD M SD F η2

Eating 5.03 1.69 6.22 0.68 4.69 ** 0.23
Grooming 2.45 1.37 3.04 1.37 5.23 ** 0.25

Bathing 2.18 1.19 3.08 1.35 7.62 *** 0.33
Dressing-Upper Body 2.42 1.17 2.63 0.97 2.32 0.13
Dressing-Lower Body 2.33 1.07 3.22 1.51 7.54 *** 0.32

Toileting 2.12 1.65 2.19 1.91 6.03 *** 0.28
Waking\Sleeping 4.27 1.97 5.54 1.55 4.12 ** 0.21

Total average 2.97 1.12 3.70 0.98 8.42 *** 0.35
Total variability 1.64 0.51 1.88 0.32 2.47 0.14

Note. EMA-Ecological Momentary Assessment. ** p < 0.01. *** p < 0.001.

3.3. Aim 3: Comparison of One-Time Report Measurment and EMA Results

To enable comparison between the WeeFIM one-time report and the EMA repeated
measures, the waking/sleeping activity was excluded from EMA totals. A paired t test was
conducted, and a significant difference was found only in the autistic group, with the mean
score in the one-time report significantly lower than the mean score in the EMA (Table 4).

Table 4. Comparison between the WeeFIM and the EMA results within the groups.

WeeFIM EMA

M SD M SD t

Autistic group 13.74 5.23 16.53 6.58 3.23 **
TD group 20.21 6.01 20.40 6.04 0.3

Note. WeeFIM = The Functional Independence Measure for Children; EMA-Ecological Momentary Assessment.
** p < 0.01.

3.4. Aim 4: Relationship Between One-Time Reports and EMA Mean and Variance

Pearson correlation coefficients were calculated separately for each group (Table 5).
In both groups, higher EMA mean scores were strongly and significantly associated with
higher PEDI and WeeFIM scores, indicating that children who demonstrated greater inde-
pendence in daily EMA also scored higher in one-time report measures.

Table 5. Correlations coefficients of one-time report measures and EMA mean and variability.

EMA Mean EMA Variability

Autistic group PEDI 0.76 ** 0.4
WeeFIM 0.84 ** 0.46 **

TD group PEDI 0.79 ** −0.12
WeeFIM 0.88 ** −0.22

Note. PEDI = Pediatric Evaluation of Disability Inventory; WeeFIM = The Functional Independence Measure for
children. ** p < 0.01.
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In the autistic group, higher EMA variability was significantly associated with higher
WeeFIM scores, suggesting that children who showed more fluctuation in independence
across contexts also tended to perform better in the WeeFIM. In contrast, in the TD group,
correlations between independence and EMA variability were negative but not statistically
significant. This difference in trends between groups is illustrated in Figure 3.

Figure 3. Correlations between the WeeFIM final score and the EMA variability.

4. Discussion

The current pilot study aimed to describe independence in ADL performance among
autistic toddlers, compared to TD peers, based on parent reports via the EMA approach.
EMA was found to be feasible; in fact, the participation rates in both our groups were
higher than those reported in other EMA studies conducted among toddlers [26,41]. Pre-
vious literature has examined the feasibility of EMA studies using various metrics, with
compliance rates being a key indicator. A meta-analysis published in 2023 [42] found that,
on average, EMA studies achieved a compliance rate of 79%, though these studies typically
included six prompts per day, whereas the present study used only two. In this context,
the compliance rates of over 88% in both groups of the study demonstrate strong feasibility.
The higher response rate may be attributed to the reminders sent to the participants with
the link to the EMA questionnaire twice a day, in line with recommendations for EMA
studies [43].

As expected, significant group differences were found in both the one-time reports and
the EMA reports, indicating that the autistic group participated less independently in ADL
than did TD toddlers. These findings can also be described as reflecting different participa-
tion profiles between the groups, rather than solely lower levels of independence. These
findings are consistent with previous studies demonstrating that young autistic children
show relatively lower performance in self-care tasks, compared to their age norms [21];
and that as a result, autistic children receive more adult support in performing daily self-
care activities [44]. Significant differences were found in all activities except upper-body
dressing. The absence of group differences in this activity may reflect contextual influences
rather than true equivalence in independence. Because data collection occurred during
the winter months, even TD toddlers often required parental assistance with layered cloth-
ing (e.g., coats, sweaters) [45]. Consequently, upper-body dressing may be less sensitive
to developmental differences at this age due to seasonal demands, and findings should
therefore be interpreted with caution.
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An interesting result of our study was that only parents of autistic toddlers rated their
child’s participation significantly lower in their one-time report, compared to the child’s
average EMA score. In other words, the everyday ADL functioning of these autistic toddlers
was seen to be higher than would be expected from their one-time assessments. One
possible explanation for this discrepancy may be parental bias in retrospective reporting.
Caregiver ratings are informant-based and not entirely free of bias and may be influenced
by caregiver burden. Such biases may lead caregivers to either over- or underestimate the
child’s actual functioning [46]. Another possibility is that engagement in the EMA protocol
may have gradually raised parents’ awareness of their child’s actual capabilities. Indeed,
several parents from the autistic group reported that during the study, they allowed their
children to be more independent in a variety of activities. This finding is in line with a
previous study that asked caregivers of children with autism to answer daily questions
about the child’s irritability, anxiety, and mood, delivered via smartphones across 8 weeks;
placebo-like effects were observed, with caregivers reporting symptoms improving over
time without explicit treatment [43]. Although promising, this interpretation remains
speculative and requires systematic investigation in future work.

In addition, we found that the greater variability in the EMA was associated with
higher independence. As suggested by previous studies, the development of self-care
functioning among autistic children is characterized by fluctuation and inconsistent perfor-
mance [47,48]. These fluctuations cannot be measured using one-time reports, whereas it
can be documented by EMA. Nevertheless, causality cannot be inferred, and alternative
explanations such as inconsistent support, environmental variability, or measurement error
should be considered. This association may also reflect methodological differences between
retrospective and momentary assessments. Retrospective, one-time measures such as the
WeeFIM are susceptible to recall-related biases, as they rely on parents’ memory of past
events rather than real-time observations [31]. In contrast, EMA enables the capture of
daily fluctuations in naturalistic contexts, as highlighted in studies of youth psychopathol-
ogy [49], which may help explain the observed correlation between EMA variability and
WeeFIM scores in the autistic group. Given the small sample size, the observed association
should be considered exploratory until replicated in larger samples.

This study has several limitations. First, the sample size was relatively small, and
participants were recruited via convenience and snowball sampling, which may bias toward
more motivated or well-connected families, thereby limiting the external validity of the
results. Future studies should aim to recruit more representative and diverse samples.
Second, autism diagnoses were parent-reported based on professional evaluations but were
not independently verified, which reduces diagnostic certainty. Future research should
incorporate standardized diagnostic verification procedures to enhance the robustness of
findings. Third, the average age of autism diagnosis is typically higher than the average
age of the current sample [3], suggesting that the children included may have had higher
support needs, as they were identified and diagnosed earlier. Early diagnosis may also
be associated with co-occurring lower IQ [50], which could contribute to potential bias.
Fourth, no data were collected on participants’ cognitive abilities (IQ) or autism symptom
severity, which could have provided further insight into the observed group differences.
Further research should consider controlling these factors to improve the generalizability
of the findings.

Furthermore, there were significant differences between the groups in some demo-
graphic measures. Gender distribution was skewed toward males in the autistic group,
consistent with the higher prevalence of autism among boys [6,7]. This imbalance may
represent a potential confounder but was not included as a covariate due to the small sam-
ple size, which limited statistical power and precluded reliable adjustment for additional

110



Children 2025, 12, 1316

variables. Future studies should aim for a more balanced ratio to improve generalizability.
Socioeconomic status (SES) was measured only via housing density, a narrow indicator
that does not capture other SES dimensions such as income or parental occupation. Future
studies should therefore incorporate multiple SES indicators (income, education, occu-
pation) for a more comprehensive assessment. Moreover, weekend routines were not
examined despite their potential influence on participation. Finally, multiple analyses were
conducted without correction for multiple comparisons to preserve statistical power, given
the small sample size and pilot design. This raises the possibility of Type I error, and results
should therefore be interpreted with caution. Given the small sample size and absence
of correction for multiple comparisons, the significant findings should be regarded as
exploratory, providing valuable preliminary evidence that requires confirmation in larger
samples. Despite these limitations, this pilot study indicates that EMA may be a feasible
approach for assessing daily participation among autistic toddlers and points to avenues
for future research.

Beyond the identified limitations, an additional noteworthy finding was that parents
reported that their engagement in the study increased their child’s participation, raising
the possibility that EMA could serve not only as an assessment tool but also, potentially,
as a supportive component within interventions aimed at enhancing daily participation.
This observation aligns with the concept of reactivity, defined as the potential for behavior
or experience to be affected by the act of assessing it [30]. Although this interpretation
should be considered cautiously and examined systematically, it nonetheless suggests an
intriguing direction for future research.

5. Conclusions

This study used EMA to evaluate independence in ADL among autistic toddlers.
Autistic toddlers exhibited different participation profiles, with less independent perfor-
mance in ADL compared to typically developing peers, particularly in adaptive activities.
In the autistic group only, EMA scores indicated higher independence than one-time par-
ent reports, suggesting that EMA may capture a more ecologically valid and dynamic
representation of daily functioning. EMA provides exploratory evidence of feasibility as
a method for ongoing, ecologically valid assessment in this population. Future studies
should build on these findings by recruiting larger and more demographically balanced
samples, including weekend routines, integrating parental reports with direct observa-
tions, and explicitly monitoring parental reactivity. In addition, future work should adopt
neurodiversity-informed perspectives, interpreting differences in participation as reflecting
diverse developmental trajectories and support needs.
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The following abbreviations are used in this manuscript:

Abbreviation Definition
ASD Autism Spectrum Disorder
DSM Diagnostic and Statistical Manual of Mental Disorders
ADL Activities of Daily Living
PEDI Pediatric Evaluation of Disability Inventory
WeeFIM Functional Independence Measure for Children
EMA Ecological Momentary Assessment
TD Typically Developing
SES Socioeconomic Status
G*Power G*Power (Statistical Power Analysis Software)
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Abstract: Background: Attention-Deficit/Hyperactivity Disorder (ADHD) is a complex
neurodevelopmental condition typically requiring information from multiple informants
for accurate diagnosis. However, the consistency and diagnostic value of reports from
teachers, parents, primary care providers (PCPs), and other professionals remain debated.
This study aimed to examine the role and diagnostic accuracy of different informants
in the referral and diagnostic process for ADHD in children aged 3–11. Methods: This
retrospective study analyzed data from 120 children referred for suspected ADHD. Initial
reports were obtained from teachers, parents, PCPs, and other professionals, and final
diagnoses were determined through comprehensive neuropsychiatric evaluations. Diag-
nostic concordance and informant-specific contributions were assessed. Results: Of the
120 children, 64 (53.3%) received an ADHD diagnosis. Teachers were the most frequent
informants, followed by parents, with fewer referrals from PCPs and other professionals.
No significant differences in diagnostic accuracy were found among informants, aligning
with previous studies suggesting that no single informant is superior in identifying ADHD.
Notably, over 93% of referred children were diagnosed with a neuropsychiatric disorder,
though not necessarily ADHD. Conclusions: The findings underscore the importance
of combining reports from parents and teachers to capture symptom expression across
different environments, which is essential for accurate ADHD diagnosis. Enhanced training
for informants and a multidisciplinary approach is recommended to improve diagnostic
accuracy and support early identification and intervention efforts. These results support
nuanced evaluation strategies that account for informant variability and help mitigate
potential misinterpretations of ADHD symptoms.

Keywords: ADHD; informants; school reporting; developmental age

1. Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is a persistent and pervasive neu-
rodevelopmental disorder. It is characterized by levels of hyperactivity, impulsivity, and/or
inattention that are inappropriate for an individual’s developmental stage. These symp-
toms can lead to impairments in daily functioning, particularly in areas such as academic
performance, health, and social interactions. ADHD is typically diagnosed in childhood,
with reported prevalence rates varying widely from 1.5% to 19.9%, though the average is
approximately 5% [1,2].

The diagnosis of ADHD is complex, requiring information from multiple sources and
clinical observation. Specifically, the presence of symptoms must be confirmed in at least
two different settings. Parents and teachers are the most common informants, as they
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often have a deeper understanding of a child’s daily functioning. However, pediatricians,
general practitioners, and other professionals are also frequently involved in the referral
process [1].

While the involvement of multiple informants is necessary for a thorough assessment,
it can also result in discrepancies in the evaluation of a child’s behavior. A frequently
debated question in the literature is whether some informants are more reliable than others
in the referral process for ADHD [3,4].

Discrepancies between informants are common in the assessment of child and adoles-
cent psychopathology. Theoretical models such as the multi-informant model [5,6] suggest
that differences in symptom reporting are not merely due to measurement error, but may
reflect meaningful contextual variability—that is, variation in behavior across home, school,
or clinical environments—as well as source-specific biases linked to the informant’s per-
spective, expectations, or relationship with the child [7,8]. For instance, teachers may be
more sensitive to attentional difficulties in structured settings, while parents might be
better at detecting emotional or internalizing symptoms. These differences underscore the
importance of integrating multiple perspectives during clinical evaluation, especially in
conditions like ADHD, where symptom expression is highly context-dependent. Despite
widespread recommendations for a multi-informant approach, few studies have assessed
the comparative clinical validity of different informant types within real-world referral
settings [5–7]. To our knowledge, this is the first study to compare, in a real clinical setting,
the referrals for inattention and/or hyperactivity/impulsivity made by various informants
with the final diagnoses established after a comprehensive diagnostic evaluation. This
approach aims to highlight differences in assessments among various informants, as well
as to identify the strengths and weaknesses of each informant type.

2. Materials and Methods

This study employed a retrospective, non-interventional design, analyzing data from
patients aged three to eleven years who were referred to our child neuropsychiatry sec-
ondary care center in Central Italy. We included all children who were present for their
first clinical examination at our center between January 2021 and June 2022. Following the
initial visit, only those children who were registered with a primary complaint of symp-
toms related to hyperactivity/impulsivity and/or inattention were included for further
analysis. For these patients, data were then collected regarding the individual or entity that
initiated the referral for evaluation, whether it was an independent decision made by the
parents or a referral suggested by another person familiar with the child (e.g., a teacher,
pediatrician, or other professional). Patients seeking a second opinion, as well as those
with pre-existing diagnoses of intellectual disability, autism spectrum disorder, or other
complex neurodevelopmental disabilities, were excluded from the study.

Our analysis focused on several key aspects: the identification of the informants who
initiated the clinical evaluation (e.g., teachers, pediatricians, or parents); the reasons for
referral (i.e., hyperactivity/impulsivity, inattention, or a combination of these symptoms);
and a comparison of the initial reports with the final diagnoses obtained after a standard
comprehensive diagnostic evaluation.

All children underwent a comprehensive neuropsychiatric assessment conducted by a
multidisciplinary team including child neuropsychiatrists and psychologists. The final di-
agnosis was based on DSM-5 criteria. Standardized instruments were employed, including
parent- and teacher-rated ADHD symptom questionnaires, checklists for internalizing and
externalizing symptoms, cognitive evaluations, and assessments of executive functioning,
language development, academic skills, and graphomotor abilities.

116



Children 2025, 12, 914

Continuous variables are presented using the mean ± standard deviation (SD) and
range, while categorical variables are presented as counts and percentages. For group
comparisons, we used an unpaired Welch’s t-test for continuous variables, selected due
to the unequal variances among comparison groups. For categorical variables, either the
chi-square test or Fisher’s exact test (when expected frequencies were less than 5) was used.
Variables with low expected counts were dichotomized into 2 × 2 contingency tables to
appropriately apply the Fisher’s exact test (e.g., smaller informant groups were combined
with larger related categories to ensure statistical validity). A p-value of less than 0.05 was
considered statistically significant for all comparisons. Descriptive and inferential analyses
were conducted using IBM SPSS Statistics software (v. 30.0.0)

3. Results

Out of 1140 children between three and eleven years of age referred to our outpatient
center for the first time between 2021 and 2022, 120 children (10.52%) met our inclusion crite-
ria (mean age 6.83, SD: 1.82 years; 73.3% males). Table 1 summarizes the main demographic
characteristics of our sample.

Table 1. Demographic data of reported children by age group, gender, and ADHD symptom presenta-
tion. 1: percentage within the respective age group or gender; 2: percentage of the total sample.

Reported Children
Predominant

Inattentive Symptoms
n (%)

Predominant
Hyperactive/Impulsive

Symptoms
n (%)

Combined
Symptoms

n (%)

Total
n (%)

Age Groups

3–5 years old 8 (36.4) 1 4 (18.2) 1 10 (45.4) 1 22 (18.3) 2

6–7 years old 26 (45.6) 1 11 (19.3) 1 20 (35.1) 1 57 (47.5) 2

8–11 years old 20 (48.8) 1 3 (7.3) 1 18 (43.9) 1 41 (34.2) 2

Gender

Male 37 (42.0) 1 14 (16.0) 1 37 (42.0) 1 88 (73.3) 2

Female 17 (53.1) 1 4 (12.5) 1 11 (34.4) 1 32 (26.7) 2

Total 54 (45.0) 2 18 (15.0) 2 48 (40.0) 2 120 (100) 2

3–5 years old
n (%)

6–7 years old
n (%)

8–11 years old
n (%)

Total
n (%)

Male 18 (81.8) 1 42 (73.7) 1 28 (68.3) 1 88 (73.3) 2

Female 4 (18.2) 1 15 (26.3) 1 13 (31.7) 1 32 (26.7) 2

Total 22 (18.3) 2 57 (47.5) 2 41 (34.2) 2 120 (100) 2

The children were reported by various sources: 65 by teachers (54.17%), 30 by par-
ents (25%), 10 by both teachers and parents (8.3%), 9 by doctors (7.5%) and 6 by other
professionals (5%). In Table 2 more details are reported.
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Table 2. Epidemiological and clinical data of subjects categorized by informants. Percentages refer to
the respective age group, gender, reason for referral, or diagnosis. PCPs: Primary Care Practitioners.
Note: The total number of children in these categories may exceed 100% (n = 120) because 8.3%
of the children (n = 10) were referred by both teachers and parents and are therefore included in
multiple categories.

Informants
Teachers

n (%)
Parents

n (%)
PCPs
n (%)

Other
Professionals

n (%)

Age Groups

3–5 years old (n = 22) 11 (50) 7 (31.8) 3 (13.6) 2 (9.1)

6–7 years old (n = 57) 40 (70.2) 16 (28.1) 4 (7.0) 4 (7.0)

8–11 years old (n = 41) 24 (58.5) 17 (41.5) 2 (4.9) 0

Gender

Male (n = 88) 57 (64.8) 31 (35.2) 4 (4.5) 4 (4.5)

Female (n = 32) 18 (56.2) 9 (28.1) 5 (15.6) 2 (6.2)
Reasons for Reporting

Inattentive Symptoms (n
= 54) 33 (61.1) 15 (27.8) 6 (11.1) 3 (5.5)

Hyperactive–Impulsive
(n = 18) 9 (50.0) 7 (38.9) 3 (16.7) 1 (5.5)

Combined (n = 48) 33 (68.8) 18 (37.5) 0 2 (4.2)

Diagnosis

ADHD (n = 64) 42 (65.6) 21 (32.8) 6 (9.4) 2 (3.1)

Other Diagnosis (n 48) 28 (58.3) 16 (33.4) 2 (41.7) 4 (8.4)

No Diagnosis (n 8) 5 (6.2) 3 (3.7) 1 (1.2) 0

Total sample 75 (57.7) 40 (30.8) 9 (6.9) 6 (4.6)

ADHD
Diagnosis/Reported

42/75
(56.0)

21/40
(52.5) 6/9 (66.0) 2/6 (33.3)

The diagnostic outcomes of the patients were categorized into four groups: 14 pa-
tients with ADHD only, 50 with ADHD plus at least one comorbidity, 48 with alternative
diagnoses, and 8 without any clinically relevant pathology.

Overall, 64 of the 120 referred children (53.3%) were ultimately diagnosed with ADHD.
This corresponds to 5.6% of all patients seen at the outpatient clinic during the study period
(n = 1140). Among the 64 children confirmed with ADHD, 16 were female (which is 50%
of the 32 referred girls) and 48 were male (54% of the 88 referred boys). Thus, about half
of the referred children of each gender received an ADHD diagnosis. An odds ratio (OR)
analysis showed that the odds of a referred boy being diagnosed with ADHD were only
slightly higher than that of a referred girl (OR ≈ 1.2, 95% confidence interval [0.54–2.70]),
and this difference was not statistically significant (χ2(1) = 0.04, p = 0.85). In other words,
the diagnostic yield was comparable for boys and girls, despite the higher number of boys
referred (male-to-female ratio ≈ 2.75:1, p < 0.001 by binomial test).

Within the ADHD-positive group (n = 64), 14 children (22%) had an exclusive ADHD
diagnosis (no comorbid conditions), whereas 50 children (78%) had ADHD with comorbidi-
ties. On average, children with ADHD had 1.6 comorbid diagnoses (SD = 0.6, median = 2).
The mean age at ADHD diagnosis was 6.9 years. Because the age distribution approximated
normal in both the “ADHD-only” and “ADHD plus” groups (Shapiro–Wilk p > 0.10), we
used an independent samples t-test to compare their ages. This revealed no significant
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age difference between children with pure ADHD and those with ADHD plus comorbidi-
ties, with a negligible effect size (Cohen’s d 0.1). Thus, the age at diagnosis was similar
regardless of the presence of comorbid conditions.

We explored whether the likelihood of an ADHD diagnosis varied by the child’s age
at referral. We grouped the referred children into three age ranges (preschool: 3–5 years;
early school age: 6–7 years; and later childhood: 8–11 years). There was no statistically
significant difference in ADHD diagnostic rates across these age groups (χ2(2) = 5.23,
p = 0.07), although there was a trend suggesting a higher yield in the early school-age group.

Most of the girls reported with a hyperactive or combined presentation were diag-
nosed with ADHD (respectively, 74 and 72%), while most of those reported with inattentive
symptoms had other comorbidities (29% with ADHD). In boys, the results were more
homogenous, with about 50% of those reported with inattentive or hyperactive symp-
toms being diagnosed with ADHD, and 59% of those reported with combined symptoms
receiving a diagnosis.

ADHD comorbidities were further divided into two groups: emotional–behavioral
disorders (22 children, with a 3:1 ratio between internalizing [e.g., depression] and exter-
nalizing disorders [e.g., oppositional defiant disorder]) and other neurodevelopmental
disorders (42 children, including specific learning disorder [SLD]—which was the most
frequent—low intellectual functioning, and autism spectrum disorders). Fifteen children
had co-occurring conditions and belonged in both groups.

Probands without ADHD can be further classified into two subsets: 48 had other
diagnoses (with a mean number of disorders of 1.7; SD 0.94), and in 8 there was no
clinically relevant condition (see Table 2). Among these children, 38 were diagnosed with
emotional–behavioral disorders (with a ratio of approximately 2:1 between internalizing
and externalizing disorders), while 27 had other neurodevelopmental disorders (with SLD
being the most frequent in this group as well); 17 children had both diagnoses.

There were no statistically significant differences in ADHD diagnoses across age
groups, although a trend was observed (p = 0.07), with most children with confirmed
ADHD being referred in the age range between 6 and 7 years.

There was a significantly higher number of referrals for males compared to females
(p < 0.01); however, no significant differences were found in the proportions of ADHD
diagnoses between males and females (p = 0.85). Notably, symptom presentation was asso-
ciated with the likelihood of an ADHD diagnosis (p < 0.01 for group differences). Children
referred for combined-type symptoms had the highest confirmation rate of ADHD (62.5%
were diagnosed), followed by those with predominantly hyperactive–impulsive symptoms
(55.6% diagnosed), while those with predominantly inattentive symptoms had the lowest
ADHD confirmation rate (44.4% diagnosed). The overall association between reported
symptom type and diagnostic outcome corresponded to a small-to-moderate effect size
(Cramér’s V ≈ 0.17; equivalent to Cohen’s h ≈ 0.36 for the proportion difference between
the highest and lowest groups), indicating that the differences, although statistically signifi-
cant, were modest in magnitude. A post hoc power analysis for this comparison yielded an
approximate power of 52%, suggesting a moderate ability to detect these differences given
our sample size.

In our sample, the most frequently involved informants were teachers (57.7% of
referrals) (p < 0.01), followed by parents (30.8%), while only a small percentage of children
were referred by other professionals: primary care practitioners (PCPs), speech therapists,
and psychologists. Table 2 provides detailed information about informants. It should be
considered that 10 children were reported jointly by both parents and teachers.

In our sample, about half of patients reported for suspected ADHD by teachers (56%)
or parents (52.5%) received a confirmed diagnosis of ADHD after a complete diagnostic
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evaluation. There was no correlation between the type of signaler and the likelihood of a
correct ADHD diagnosis (p = 0.62). In particular, a chi-square test comparing diagnostic
outcomes across the referral groups yielded χ2(4) = 3.27, p = 0.514. The corresponding effect
size was small (Cramér’s V = 0.165), with an estimated statistical power of 26%, indicating
a limited ability to detect subtle differences across informants.

4. Discussion

This study explored the relationship between reports of ADHD symptoms by schools,
families, and other professionals, and the final diagnoses of ADHD.

The initial sample of children suspected of inattention/hyperactivity presented with
epidemiological characteristics that are consistent with the previous literature. A large
majority of the children reported were indeed male (73.3%) [9,10]; most of the girls in our
sample were reported for inattention, which is in line with the finding that girls are less
likely to be reported for overt symptoms (hyperactivity/impulsivity) [11]. Moreover, most
of the reported children were between 6 and 7 years old, probably because this is the age
at which Italian children usually enter primary school, and, therefore, ADHD symptoms
may become incompatible with the tasks required in a school context. In older age groups,
the number of reports decreases (47% of reports at 6–7 years vs. 34% in the older age
group), which is also probably associated with the gradual reduction in the more overt
symptoms [12]. In accordance with this, inattention was a slightly more common reason
for reporting, especially in the female group (53% of reports) and in the older age groups
(49% of reports).

Children were primarily referred by teachers, with a considerably smaller proportion
referred by parents (approximately 58% versus 31%). Only 8.3% of cases involved joint
reporting by both parents and teachers, highlighting a low level of collaboration and shared
concern between these two groups.

Teachers are widely regarded as a crucial source of information in assessing ADHD
symptoms in children [13]. According to the literature, approximately 85% of clinicians rely
on teacher-administered questionnaires to evaluate ADHD symptoms within the school
context [13]. Several authors emphasize the value of teachers’ evaluations, noting that
their experience with age-appropriate behavior often aligns more closely with a clinician’s
perspective [7,13].

Parental reporting is equally important, as it captures the child’s behavior in everyday
life and provides a detailed account of their developmental history. However, parental
reporting is not without limitations and biases, including a tendency to underestimate
ADHD symptoms, particularly in preschool-aged children and girls [14].

A small minority of referrals in our study came from primary care providers (PCPs),
such as pediatricians (6.9%), and other professionals, including psychologists, developmen-
tal therapists, and speech therapists (4.6%). PCPs play a pivotal role in ensuring appropriate
referrals, acting as an essential clinical “filter” between the child, other informants, and
specialized psychiatric services.

Nevertheless, PCPs face several challenges in the referral process, often stemming from
a lack of specific knowledge about ADHD, misjudgments or biases regarding the disorder,
and limited resources to support patients effectively [15]. International studies indicate
that the percentage of PCPs who have received formal education on ADHD during their
undergraduate and postgraduate training ranges from only 1% to 28% of physicians [15].
This underscores the importance of targeted educational programs, which are proven to
be effective in increasing awareness and fostering a greater confidence in diagnosing and
managing ADHD [16].
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Another significant obstacle reported by PCPs is the scarcity of resources needed for
ADHD assessments, particularly in time-constrained settings. The accurate evaluation
of this multifaceted condition requires a multidisciplinary, thorough, and time-intensive
diagnostic approach [16].

Among the 1140 children referred to our center, 5.6% were ultimately diagnosed with
ADHD. Although influenced by referral bias, this rate is higher than the reported national
average for Italy (1.1–3.1%) [17], yet consistent with the global prevalence estimates of
approximately 5% [1].

Following diagnostic evaluations, the male predominance observed in initial referrals
was confirmed, with boys comprising 75% of the ADHD cases. Children in the youngest
age group (3–5 years) were more frequently referred by teachers (p < 0.01). Addition-
ally, ADHD diagnoses accompanied by comorbidities showed a strong association with
neurodevelopmental disorders, primarily learning disabilities. This finding aligns with
the existing literature, which identifies ADHD as the most common comorbidity in pa-
tients with specific learning disorders (SLD); both conditions involve deficits in executive
functioning [18].

Children who were “erroneously” referred for ADHD were most commonly diag-
nosed with emotional–behavioral disorders, with no significant gender differences. Only
30% of these children received a diagnosis of a neurodevelopmental condition, such as
a specific learning disorder (SLD), without co-occurring emotional–behavioral disorders.
While conditions like oppositional defiant disorder (ODD) and other externalizing dis-
orders frequently co-occur with ADHD, they can also mimic hyperactive behaviors [19].
Additionally, anxiety and depressive symptoms in childhood can resemble both inattentive
and hyperactive traits associated with ADHD [20,21].

The ratio of confirmed ADHD diagnoses to initial suspicions might suggest that
parents and teachers have statistically similar “reporting abilities.” Chi-square analysis
revealed no significant differences in diagnostic confirmation rates among cases referred by
teachers, parents, or other professionals. This aligns with the existing literature suggesting
that no single group of informants is definitively superior in accurately identifying children
with suspected ADHD [6,21]. Research indicates that both parents and teachers exhibit a
moderate to good diagnostic accuracy for ADHD, with no significant differences in their
predictive ability for a gold-standard ADHD diagnosis [22,23]. However, it should be noted
that the small observed effect size and limited statistical power imply that these conclusions
must be interpreted with caution. The current sample may not have been large enough to
detect subtle but clinically meaningful differences between informant groups. Therefore,
further research with larger and more statistically powered samples will be necessary to
draw more definitive conclusions about the relative value of each informant type in the
diagnostic process.

No single group of informants in our sample proved to be entirely reliable, and
inconsistencies were observed across all sources. Despite teachers generating a greater
number of referrals, the actual ADHD diagnosis rate remained around 50%, even when
stratified by gender or age. This finding challenges the notion that specific reporters are
markedly more accurate and is consistent with the recent literature on this topic [24].
However, earlier studies suggest that teacher ratings may surpass parent ratings in terms
of sensitivity, specificity, and overall classification accuracy [6]. This could be attributed
to the teachers’ greater experience in distinguishing age-appropriate behaviors within a
school context.
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Importantly, due to the retrospective nature of the sample, socio-economic status,
ethnicity, and parental education level were not consistently recorded and could not be
included in the analysis. We acknowledge this as a significant limitation, as such variables
may influence both the behavior of the informants and the clinical presentation of the child.
Moreover, the retrospective design inherently introduces a potential referral bias, as the
sample was composed exclusively of children who had already been referred for concerns
related to attention, behavior, or development. This may limit the representativeness of
the findings compared to community-based or screening populations. Additionally, the
study was conducted in a single Italian tertiary center, which may affect the generalizability
of results to other geographic, cultural, or clinical settings. Future research should aim
to replicate these findings in multi-center and prospective samples, ideally incorporating
systematic socio-demographic data collection.

Discrepancies between informants are often shaped by two interacting mechanisms:
source bias—that is, systematic distortions in the informants’ reports based on their ex-
pectations, roles, or relationships with the child—and contextual variability, referring to
genuine differences in behavior across settings such as the home and school [4,5,8]. These
concepts are well established in the multi-informant literature and suggest that the dis-
agreement between sources does not necessarily imply error or noise but may convey
clinically meaningful information.

Recent models [8] propose subtyping ADHD presentations based on the context
in which symptoms manifest—such as school-only, home-only, or pervasive—arguing
that context-specific patterns may have different prognostic and functional implications.
Similarly, the “satellite model” described by De Los Reyes et al. [25] emphasizes the
value of integrating information from multiple informants not by averaging responses
but by recognizing the unique perspective each source provides within its environment.
This framework challenges the notion of a single “true” report and instead supports an
ecologically grounded interpretation of symptom expression.

In this light, discrepancies between parents and teachers—as observed in our study—
may not undermine diagnostic validity but reflect the situational nature of ADHD symp-
tomatology. Clinical practice should therefore move beyond a simplistic reconciliation of
differences and toward an informed integration of diverse, context-sensitive data sources.

This dual-informant (parent–teacher) approach enhances the diagnostic process by
capturing symptoms across different environments, a critical factor in accurately diagnosing
ADHD [23].

However, it should be noted that more than 93% of patients referred for suspected
ADHD were ultimately diagnosed with a neuropsychiatric disorder, even if it was not
ADHD. This suggests that informants may not necessarily be misreporting in an absolute
sense but may instead misinterpret symptoms and categorize them incorrectly. This
underscores the value of the reporters’ perspectives and emphasizes the need for a more
nuanced approach to diagnosis.

These findings highlight relevant practical and policy implications. Firstly, the com-
parable diagnostic accuracy observed across informants reinforces the importance of sys-
tematically integrating both teacher and parent reports during the assessment process.
Clinical procedures should include structured multi-informant screening tools to capture
symptom consistency across different contexts. Secondly, given the teachers’ prominent
role in referrals, targeted training programs to enhance teachers’ ability to identify ADHD
symptoms, especially in under-reported groups such as girls with inattentive presenta-
tions, are recommended. Lastly, strengthening collaboration between schools, primary care
providers, and specialized services can help streamline referrals, reduce diagnostic delays,
and promote timely interventions through clear, multidisciplinary referral pathways.
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Abstract: Rett syndrome (RTT) is an X-linked neurodevelopmental disorder marked by
neurological regression, autonomic dysfunction, seizures, and significant sleep and breath-
ing abnormalities. About 80% of affected individuals, especially young children, experience
sleep disturbances such as insomnia, sleep-disordered breathing, nocturnal vocalizations,
bruxism, and seizures. Breathing irregularities during sleep—like apnea, alternating hy-
perventilation, and hypoventilation—are common, with both obstructive and central sleep
apnea identified through polysomnography. This review focuses on the prevalent sleep
disorders in children with Rett syndrome and highlights current recommendations for the
management of sleep disorders.

Keywords: Rett syndrome; neurodevelopmental disorder; sleep disorder

1. Introduction

Rett syndrome (RTT) is a rare, progressive X-linked genetic neurodevelopmental disor-
der marked by behavioral and neurological regression, dysautonomia, seizures, and motor
deficits. The disorder was first described by Dr. Andreas Rett in 1966 [1] and reported in
the international community by Hagberg et al. in 1983 [2]. Classic Rett syndrome (RTT) is
characterized by four primary neurological criteria: loss of purposeful hand movements,
loss of acquired spoken language, an abnormal gait, and stereotypic or repetitive hand
movements [3]. Classic RTT is additionally marked by a brief period of normal develop-
ment, followed by loss of acquired skills such as hand use and speech, deceleration of
head growth, and breathing irregularities [3]. Individuals with variant or atypical RTT
meet at least 2 of these main neurological criteria, along with 5 out of 11 supportive crite-
ria. Supportive criteria may include symptoms such as bruxism, breathing irregularities
while awake, sleep disturbances, abnormal muscle tone, peripheral vasomotor instability,
episodes of screaming or inappropriate laughter, scoliosis or kyphosis, cold and small
hands and feet, reduced pain sensitivity, intense eye contact, and growth retardation [3].
Among atypical RTT, three subsets may be identified, including a preserved speech vari-
ant, a congenital variant, and an early seizure variant [3]. Although RTT predominantly
affects females, there are rare cases in males with an additional X chromosome or somatic
mosaicism [4].

RTT occurs in approximately 1 in 10,000 live female births [5] and accounts for up to
10% of cases of severe intellectual disability due to genetic causes in females [6].
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Sleep disturbance is a critical aspect of the disorder, and understanding sleep in RTT
contributes to a comprehensive understanding of this syndrome, given the negative physi-
cal and mental health impacts on affected individuals as well as their caregivers. Studies
revealed that an estimated 80% of those with RTT experience sleep-related difficulties [7],
underscoring the need for effective interventions. These sleep disturbances have negative
effects on daytime behavior, cognition, and overall development of the child and contribute
significantly to caregiver burden [8].

Despite sleep’s significant impact on child development and quality of life, evidence-
based treatment options for sleep disorders in pediatric patients with RTT remain limited,
with few achieving substantial improvements. This review synthesizes selected peer-
reviewed research to examine prevalent sleep disturbances in children with Rett syndrome,
objective findings in polysomnography (PSG), current management strategies, and provide
evidence-based insights on its management for healthcare providers. Several studies
suggested that there are variations in sleep problems associated with mutation type. Hence,
we will start by describing the genetic mutations linked with RTT [7].

Articles were chosen based on clinical relevance, recency, and quality of methodology.
This work is not intended as a systematic review, but it aims to comprehensively summarize
key evidence and practical recommendations. Because of the paucity of evidence and
research on RTT, case reports were also included in the treatment of sleep disturbances.
This review further highlights the need for more registry-based comprehensive research to
develop treatment options for this vulnerable population.

2. Genetics of Rett Syndrome

Pathogenic variants in the MECP2 gene located in the Xq28 chromosomal region were
first associated with RTT in 1999. Over 900 mutations (pathogenic and benign) in MECP2
have now been identified, with substantial phenotypic variation [9,10]. The MECP2 gene is
a key player in regulating DNA methylation and gene transcription, and thus mutations
may have broad downstream consequences [11]. In particular, MECP2 plays important
roles in neuronal development, dendritic branching, and brain morphology [12]. Func-
tional impacts of mutations in MECP2 include alterations in synaptic function, neuronal
connectivity, and gene expression patterns in brain regions implicated in RTT [13].

Most cases arise sporadically through de novo mutations. MECP2 mutations are
associated with a spectrum of clinical presentations, ranging from asymptomatic female
carriers with complete skewing of X chromosome inactivation [14] to males who develop
severe neonatal-onset encephalopathy [3].

Research studies established that approximately 95% of classical RTT cases and 58–75%
of atypical RTT cases have mutations in MECP2 [15]. Recent discoveries have unveiled
mutations in loci other than MECP2, which have been linked to atypical RTT [3]. Mutations
in genes such as cyclin-dependent kinase-like 5 (CDKL5) and forkhead box G1 (FOXG1)
have been implicated in clinical presentations resembling RTT, underscoring the genetic
heterogeneity of conditions that share similar clinical features [15,16]. Additionally, MECP2
mutations have also been identified without the clinical features of RTT, and it is important
to note that MECP2 mutations are neither necessary nor sufficient for diagnosis, which
remains clinical [3].

There is evidence that particular genetic mutations may be associated with heightened
sleep dysfunction [17–19], though sleep complaints of one type or another are nearly
universal in those with RTT. The associations between particular genetic mutations and
specific sleep problems are addressed in the relevant sections of this paper. Understanding
the underlying genetics and neurobiology of the disorder may help pave the way for the
development of targeted therapies [20] to address specific mechanisms of dysfunction.

126



Children 2025, 12, 869

3. Sleep Disturbances in Rett Syndrome

Impaired sleep patterns are part of the supportive diagnostic criteria for RTT, and dis-
turbed sleep has been noted from the earliest descriptions of the syndrome [21,22]. In some
cases, sleep disturbances may be one of the earliest presenting symptoms. Approximately
80% of children with RTT experience sleep disturbances, with variable occurrence through-
out life but generally a higher prevalence [7] in early childhood [17], consistent with the
observation that heightened behavioral symptoms occur around the regression period [23].
Sleep disturbance is most prevalent in children up to 7 years of age, with a greater than 90%
probability of any sleep disturbance. Thereafter, studies indicate some reduction in sleep
disturbance in later childhood and adolescence [24,25]. Sleep disturbances in children with
RTT include insomnia (both initiating and maintaining sleep), abnormal breathing in sleep,
sleep vocalizations such as laughing and screaming, bruxism, sleep-related seizures, and
excessive daytime sleepiness.

3.1. Disturbances in Sleep Initiation and Maintenance

Insomnia, defined as difficulty initiating or maintaining sleep, is a leading sleep
disturbance for RTT patients [26–28]. In a study involving caregivers of 364 patients with
RTT with confirmed MECP2 mutations, registered in the International Rett Syndrome
Phenotype Database (InterRett), who completed the validated Sleep Disturbance Scale
for Children (SDSC), findings indicated that over 80% of RTT patients experienced night
wakings, and nearly half of this group experienced night wakings often. The median age
of this sample was 14.5 years (range: 2.1–57.2 years), all but two were female, and 93.4%
lived at home [19]. In this group, over 60% of the patients also experienced difficulty
falling asleep. Younger children and those with the p.Arg294 mutation exhibited the
most significant difficulties in sleep initiation and maintenance. Recent evidence showed
that longer sleep onset latency is associated with impaired daytime interactivity among
individuals with RTT which has underscored the important impacts of sleep disturbances
on next-day function [29]. In a recent actigraphic study of 29 individuals with RTT and their
caregivers, shorter total sleep times (TST), as well as low sleep efficiency, long sleep-onset
latency, elevated wake after sleep onset (WASO), and fragmented sleep were demonstrated
in both older and younger subjects [30]. A limitation of much of the current literature
on sleep in RTT is that although sleep disruptions are commonly reported, associated
or co-occurring findings are not well elucidated. At least one expert review reflects that,
for example, disrupted sleep patterns may be related to hunger, gastroesophageal reflux,
or constipation [31], but such associations have not been systematically measured in
most cases.

Difficulty initiating sleep, night waking, and excessive daytime sleepiness in indi-
viduals with Rett syndrome (RTT) may be related to abnormalities in circadian rhythm
regulation. Clinically, dysregulation of the sleep-wake cycle with delayed sleep onset and
daytime sleeping is observed in RTT individuals. A study conducted by Piazza et al. [32]
on 20 girls with RTT aged 1–32 years (mean age: 9 years; median age: 8 years) showed in-
creased total sleep, significantly less nighttime sleep, delayed sleep onset, and significantly
more daytime sleep. Nighttime sleep duration was negatively correlated with age, while
daytime sleep duration was positively correlated with age. These findings suggest that
there is almost an inverted pattern of sleep.

Excessive daytime sleepiness with daytime naps has been reported, particularly in
older girls and women, likely from disrupted nighttime sleep and delayed sleep phase
disorder. The sleep disturbances occurred across age and mutation groups in the Australian
population-based sample. The prevalence of daytime napping increased with age [7].
Daytime napping was commonly reported in cases with p.R270X, p.R255X, and p.T158M
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mutations [7]. In the Boban et al. study described earlier, napping was reported in 42.8% of
individuals, with over a third of individuals napping sometimes or often [19].

Evidence indicates that MECP2, CDKL5, and FOXG1 may play a role in regulating
specific brain areas and neurotransmitters that affect the sleep-wake cycle [26]. Animal
models of RTT have shown highly fragmented sleep and abnormal circadian rhythms with
blunting of the circadian cycle [33]. The MECP2 gene is expressed in the suprachiasmatic
nucleus, and photic stimulation causes phosphorylation [34]. There may be other genes
involved that also affect the circadian rhythm, resulting in disorganization of the entire
circadian rhythm both centrally at the suprachiasmatic nucleus as well as peripherally to
the organs.

3.2. Abnormal Nocturnal Breathing

The classical respiratory alterations of RTT include breath-holding and irregular breath-
ing, with over 80% of affected individuals experiencing respiratory abnormalities during
their lifespans [35]. MECP2 is expressed throughout the brainstem, including regions in the
pons and medulla, which is important for control of breathing. It is thought that aberrant
MECP2-associated transcriptional control leads to alterations in normal breathing patterns
and classical breath-holding, hyperventilation, and overactive expiration in individuals
with RTT [35,36]. Additionally, altered chemosensory responsiveness to hypoxia and hy-
percapnia has been identified in RTT, further complicating abnormal respiratory patterns.
It is estimated that 75% of children with RTT develop breath-holding during wakefulness
before 6 years of age, with hyperventilation following 2–3 years later [35]. It has been
demonstrated that the uncoupling between breathing and heart rate control indicative of
autonomic dysregulation is more pronounced in waking than in sleep in girls with RTT
with alteration in the MECP2 gene. This dysregulation has been demonstrated in sleep
as well and may represent a risk for sudden death in patients with RTT [37]. Abnormal
breathing, including apnea, gasping, alternating hyperventilation, and hypoventilation,
is common during sleep [38,39] in RTT, although there is variability between individuals
and over time within individuals [40]. Polysomnography studies in RTT have shown both
obstructive and central sleep apnea along with associated hypoxia (Figure 1A and B) [11].

In addition to respiratory control abnormalities, characteristics such as low tone may
influence craniofacial development and scoliosis, which can complicate abnormal breathing
in sleep. Abnormal breathing may lead to sleep fragmentation and awakenings, which
exacerbate symptoms of insomnia and daytime symptoms, including mood and behavioral
dysfunction. In one study, parents noted a greater impact of breathing abnormalities for
individuals with the p.Arg294* variant [41], though the genetic variant did not seem to
modify the Rett Syndrome Behaviour Questionnaire (RSBQ) score in another study [22].

3.3. Other Sleep Abnormalities (Vocalizations, Abnormal Movements, Bruxism, and
Nocturnal Seizures)

Sleep-related vocalizations, movements, and bruxism are routinely observed in RTT.
Among children with RTT in the 0–7-year age group, night laughing and night screaming
have been reported to be extremely common, occurring at rates of 77% and 49%, respec-
tively [24], with the prevalence and frequency of night laughter and screaming more likely
in genotypes involving a large deletion of the MECP2 gene. After adjusting for age, the like-
lihood of experiencing any sleep disturbance was highest in individuals with large deletions
(94%) and p.R270X (92%) and p.R294X (91%) mutations. Night laughing was especially
prevalent in individuals with large deletions (90%) and the p.R168X mutation (78%), while
persistent night laughing was moderately common among those with p.R106W (49%) and
p.R168X (42%) mutations. Night screaming was most frequently reported in individuals
with the p.R270X (57%), p.R306C (51%), and large deletion (51%) mutations [24].
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Figure 1. Sleep-disordered breathing in RTT [35]. Polysomnography studies on RTT have shown
both obstructive (B) and central sleep apnea (A) with associated hypoxia [35].

Similarly, in the Boban et al. study described above, of 364 caregivers of individuals
with RTT with a median age of 14.5 years, night laughing was reported for 58% of them,
while night screaming, at 47.5% was slightly less commonly reported [19], and nocturnal
bruxism (teeth grinding) was experienced by more than two thirds of individuals. Longitu-
dinal evidence indicates some reduction in these symptoms over time, though persistence is
common, especially among those with more severe and frequent symptoms at baseline [24].

Seizures are another common occurrence in RTT, with epilepsy occurring in 48–90%
of affected individuals [42,43]. Nocturnal seizures may become more evident in later
childhood or early adolescence [44], and seizure activity may be refractory and can become
severe, including nocturnal electrical status epilepticus [45]. Boban et al. reported a rate
of 52.8% of RTT individuals indicating the occurrence of nocturnal seizures, with 10.7%
experiencing nocturnal seizures often. Patients with severe seizure activity were noted to
be more likely to have poor sleep quality, suggesting that management of comorbidities is
needed [19,26].

4. Sleep Impacts on Mental and Behavioral Health and Quality of Life

Addressing sleep disturbances is crucial, as they significantly impact mental and
behavioral health in individuals with RTT. Insomnia and excessive daytime sleepiness
showed the strongest associations with overall RSBQ scores and subscales related to mood,
breathing, nighttime behaviors, and anxiety, reflecting the critical role of sleep in behavioral
and mental health in RTT. Poor sleep negatively affects both mental health and quality of
life [17]. Furthermore, both insomnia and daytime sleepiness have strong relationships
with the RSBQ general mood subscale, as well as nighttime behaviors, breathing problems,
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and fear and anxiety subscales [17]. This link between sleep dysfunction and behavioral
and emotional status in RTT is consistent with other studies, including evidence from the
International Rett Syndrome Database demonstrating a relationship between poor sleep
(insomnia and excessive daytime sleepiness) and heightened anxiety among 210 individuals
with RTT aged 6–51 years [18]. Sleep disturbances in RTT also have a profound impact on
overall quality of life. Longitudinal evidence indicates that quality of life in RTT has also
been shown to be linked to sleep, with increased sleep disturbances associated with quality
of life reduction [46]. Frequent sleep disturbances in individuals with RTT have been
linked to later lower caregiver well-being scores [47], highlighting the long-term burden
that disrupted sleep can place on families. In a recent study evaluating the frequency of
sleep symptoms and burden on RTT individuals and their caregivers, sleep disturbances
were again reported to be common (with 71.8% reporting sleep disturbances), but notably,
the burden of illness was measured to be high for caregivers, being almost twice the rate
for individuals with RTT, even though the overall symptoms were rated to be of mild-
to-moderate severity. The authors concluded that the burden of sleep disturbances for
caregivers was disproportionate to clinical severity [47]. Another explanation could be that
clinical severity may be misrepresented based on the aspects that were evaluated.

5. Sleep Measurement and Objective Findings in Rett Syndrome

Common measures of sleep in children with RTT include sleep diaries (filled out by
caregivers or family members), actigraphy, and in-lab polysomnography. Both sleep diaries
and actigraphy offer the advantage of measuring sleep-wake cycles across many nights,
commonly 2–3 weeks or longer. Although both sleep diaries and actigraphy [48] have
been used to assess sleep in individuals with RTT, recently, the discordance between sleep
diaries and actigraphy has been investigated, indicating 14.8% bedtime discordance and
22.6% wake time discordance of 45 min or greater between the two methods [49]. In the
sample of 38 individuals (aged 2–26 years, mean of 13.1 years), missing data (instances
where either diary entries or actigraphy data were incomplete or unavailable) were also
common. Greater levels of missing data and discrepancies between diary-reported and
actigraphy-recorded sleep patterns were correlated with higher clinical severity of Rett
syndrome symptoms and a lower reported quality of life. The direction of difference
between diaries and actigraphy was variable, and the study highlights limitations for both
types of longitudinal sleep measures.

In contrast, polysomnography allows objective measurement of sleep features in a
laboratory setting and is important for the detection of co-occurring parasomnia, sleep
fragmentation, seizure activity and sleep-related breathing dysfunction and for identifying
sleep or wake status and sleep architecture. Because studies are performed in a laboratory
setting, some sleep features such as sleep onset latency and nighttime wakings may not
reflect routine experience in the home setting. In addition, one night of monitoring may
also not provide sufficient information for this complex sleep-wake dysregulation.

Polysomnography studies in RTT have shown both obstructive and central sleep
apnea along with associated hypoxia (Figure 1). In a small polysomnography study of
13 pediatric patients (mean age: 10 years) with RTT, all individuals exhibited episodes of
hyperpnea followed by pauses while awake, and 9 of the subjects had obstructive sleep
apnea (OSA) with a mean AHI of 8.77 ± 8.82. Among these, 4 of these patients had
severe OSA, and 1 had severe OSA combined with central apnea. The most common
presenting symptoms were snoring (77%) and witnessed apnea (53.8%) [50]. In a larger
study aggregating PSG data from 11 studies meeting eligibility criteria and reporting on 69
individuals with RTT and a mean age of 8.9 +/− 5.2 years, the mean AHI was found to
be 12.25 ± 23.89, roughly split between central and obstructive apneas, with an oxygen
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desaturation index of 18.62 ± 31.9 [51]. Epilepsy and scoliosis appeared to be common in
this study group, though data on these co-occurring conditions were missing for nearly
half the aggregated sample.

Polysomnographic recordings in RTT also indicate reduced sleep efficiency and dif-
ferences in sleep architecture, in addition to the breathing abnormalities discussed above.
In the aggregated sample of 69 individuals with RTT and published PSG data, sleep effi-
ciency (SE), which represents the percentage of time asleep from lights off to lights on in a
laboratory setting, was reduced compared with same-age typically developing individuals,
and impaired sleep continuity was also reported [51]. PSG evidence of disrupted sleep in
children with RTT has also been reported by Carotenuto et al., who used a case-control
approach for 13 individuals with RTT (mean age: 8.1; SD: +/− 1.4 years) and found
significantly increased stage shifts per hour, awakenings per hour (averaging 6.3 versus
1.9 awakenings per hour in unaffected individuals), and elevated Wake After Sleep Onset
(WASO) rates [52]. Similarly, SE was reported to be reduced in a study of 17 girls (mean
age: 9.5 ± 2.8 years) [40] at 66 ± 19%, with only 3 girls presenting SE values above 80%,
and WASO was also elevated.

Sleep architecture in RTT has also been reported to be altered, characterized by a
decrease in rapid eye movement (REM) and a commensurate increase in non-REM (NREM)
sleep, particularly N3 (slow wave), though concomitant sleep breathing disorders were seen
in this study group, with a mean apnea-hypopnea index of 19 ± 37 events per hour [38].
Zhang and Spruyt, in their aggregated report on 74 PSGs of RTT individuals across 11 stud-
ies, also found increased N3 sleep and reductions in REM sleep, hypothesizing that aberrant
sleep cycling, possibly associated with a poor REM “on switch” and preponderance in slow
and high-voltage sleep, characterizes sleep in RTT. However, in this study, concomitant
sleep-disordered breathing was also quite common, and the authors reported a mean
AHI of 11.92 ± 23.67/h in these aggregated cases [51]. The increase in the percentage of
slow-wave sleep in these reports contrasts with an earlier report on reduced slow-wave
sleep in RTT (though increased delta power was observed within N3 sleep cycles) involving
a retrospective case-control study of 10 girls with RTT (age range: 2–9 years) [53]. SE was
again reduced in RTT compared with the unaffected girls.

Elevated periodic limb movements (PLMs) have also been noted in PSG, with Caren-
tuto reporting an elevated mean periodic limb movement index (PLMI) in 13 girls with
RTT compared with matched controls, with the girls with RTT having a PLMI of 9.5 events
per hour, compared with 2.8 events per hour for the controls [38,52].

Recent work by Davis et al. (2023) [54] identified altered phase-amplitude coupling
(PAC) during slow-wave sleep (SWS) as a potential circuit-level biomarker of sleep-wake
dysregulation. In a cohort of children with RTT, PAC between slow-wave and theta (SW:T)
and slow-wave and spindle (SW:S) activity showed disrupted topography, with ectopic
coupling outside the typical vertex region. This abnormal coupling pattern was not only
distinct from typically developing controls but also correlated positively with overall
clinical severity, as measured by the Clinical Global Impression-Severity scale, which
assesses communication, motor function, seizures, and autonomic features. These findings
suggest that altered SWS dynamics may reflect broader neurodevelopmental impairment in
RTT and could serve as a noninvasive biomarker for disease severity and progression [54].

Heart rate variability in Rett syndrome, as observed via PSG, is characterized by re-
duced overall variability and a shift toward sympathetic dominance and vagal withdrawal.
This was demonstrated in a 2024 study where individuals with RTT exhibited a consistent
shift in sympatho-vagal balance toward sympathetic dominance and vagal withdrawal
during both wakefulness and all sleep stages. This alteration in autonomic regulation in
RTT has potential implications for cardiovascular health. These findings underscore the
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need for further research to explore the broader physiological and clinical consequences of
this dysautonomia [55].

Taken together, objective findings based on PSG in individuals with RTT demonstrated
significant sleep abnormalities and poor sleep quality. Common findings include reduced
SE, increased arousals and WASO, elevated PLMs, increased N3 and disrupted sleep
architecture, with diminished REM sleep. Abnormal breathing patterns—characterized by
episodes of hyperpnea and apnea and both obstructive and central apneas with associated
hypoxemia—are also frequently observed. These findings underscore the pervasive and
multifaceted nature of sleep-disordered breathing in RTT.

6. Sleep-Directed Therapies

Overall management approaches in RTT involve addressing symptoms and, when
possible, preventing progression. Therapies for RTT involve multiple systems and targets
and are reviewed in detail elsewhere [31], though it is worth noting that some therapies tar-
geting other disease manifestations may themselves have influences on sleep (for example,
antiepileptic or mood-targeted medications). In March 2023, trofinetide, a synthetic analog
of a naturally occurring brain peptide and insulin-like growth factor 1 (IGF-1)-related
compound thought to act on NMDA receptors, was approved by the United States Food
and Drug Administration (FDA) [56] for treating children aged 2 years or older, and there
are several other agents currently in clinical trials [57,58]. Trials of trofinetide have demon-
strated good efficacy in improving scores on the Clinical Global Impression-Improvement
scale and RSBQ, with a specific effect only on the General Mood subscale and Repetitive
Face Movement subscale, but no effects were documented on other subscales [59]. While
sleep-specific outcomes were not primary endpoints in trofinetide’s clinical trials, improve-
ments in Rett Syndrome Behavior Questionnaire (RSBQ) subscales—particularly general
mood and nighttime behaviors—suggest potential indirect benefits for sleep. A 2023 review
by Bricker and Vaughn also described a case report in which a patient with RTT experienced
sleep improvement after initiating trofinetide, though the authors noted that further studies
are needed to evaluate trofinetide’s direct effects on sleep in this population [60].

Managing sleep complaints and disorders in RTT requires both a pragmatic and multi-
modal approach, including behavioral therapies, appropriate medications, and addressing
co-morbid conditions that impact sleep. These strategies should be age-based and focused
on enhancing sleep consistency and stability, as well as quality and daytime status. Despite
growing interest in effective interventions for sleep disorders in RTT, an outcome-driven
evidence base for specific sleep-targeted therapies in RTT is sparse, hindering definitive
treatment algorithms. At least one observational study using data from 320 families in
the Australian Rett Syndrome Database examined the long-term management of sleep
disturbances in Rett syndrome over a 12-year period. Despite limitations—such as missing
data on specific sleep disorders (e.g., napping, seizures, apnea, and bruxism), potential
overestimation of prevalence, and limited assessment of treatment effectiveness the study
highlights the persistent and burdensome nature of sleep disturbances in RTT. It also reveals
that clinical management remains inconsistent and largely based on clinician experience,
emphasizing the need for individualized care strategies [24].

More recently, expert-led consensus guidelines for primary providers on manag-
ing RTT was published in 2020 [61], and comprehensive care guidelines, which include
recommendations for sleep, can also be found on the International Rett Syndrome Foun-
dation (IRSF) website [62]. The 2020 guidelines indicate that at a baseline visit and every
six months, care providers for patients with RTT should review sleep onset and mainte-
nance, respiratory symptoms, and the frequency of nocturnal interventions by caregivers,
as well as review bed and bedroom safety [61]. Similarly, IRSF guidelines recommend
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screening for disrupted sleep by asking specific questions about bedtime, the time required
to fall asleep, wake time, nocturnal awakenings, sleep disturbances, and the sleep en-
vironment [62] The IRSF guidelines also recommend screening for snoring, respiratory
pauses, gasping, restless sleep, and abnormal behaviors and recommend referring to a
specialist as appropriate [62]. Additional details on treatments for specific sleep conditions
are summarized below.

6.1. Disturbances in Sleep Initiation and Maintenance

Behavioral strategies remain the cornerstone of managing sleep disturbances and
insomnia and are considered first-line treatments. Given the high prevalence of sleep
disturbances in individuals with RTT, foundational interventions such as establishing
consistent bedtime routines with regular bedtimes and wake times and optimizing the
sleep environment—minimizing noise, reducing light exposure, and maintaining a cooler
and comfortable room temperature—are essential. While these interventions have not
been rigorously studied specifically in the RTT population, they are widely used and
serve as a key starting point for addressing sleep disturbances, especially in pediatric
neurodevelopmental disorders [63,64]. In addition, consistent exposure to morning light,
reducing maladaptive sleep associations, reinforcing limit-setting behaviors, and promoting
structured daytime routines that incorporate physical activity and regular meals help
promote normal sleep [26,44].

If daytime naps are employed, which may be age-appropriate or a useful tool for exces-
sive daytime sleepiness, then they should be scheduled as part of a routine and undertaken
while considering nocturnal sleep patterns [32]. Detailed sleep hygiene and behavioral sleep
strategies are available [65,66], and it is important to note that in children with RTT, some
trial and error of what works best and individualized care for each child may be necessary
to find optimal strategies. In a report by Boban et al. which analyzed caregiver responses
for 364 RTT individuals, including 274 taking no medications for sleep, sleep behavioral
and hygiene strategies were employed by approximately two thirds of their families, and
better use of sleep hygiene practices was associated with significantly lower odds of mod-
erate or major impacts on the family (odds ratio: 0.60; 95% confidence interval: 0.37–0.98)
and lower scores for disordered initiation and maintenance of sleep [28]. Similarly, in
an older small study on three individuals with RTT, the behavioral strategy of bedtime
fading was effective in advancing bedtime and promoting more regular sleep patterns
by increasing the appropriate nighttime sleep duration, reducing inappropriate daytime
sleep, and reducing problematic nighttime behaviors (e.g., nocturnal awakenings) [32].
This experience is reinforced by retrospective analysis indicating that among children with
rare genetic neurodevelopmental disorders, implementing behavioral strategies improved
sleep disturbances in the substantial majority of the patients studied, and improvements
were maintained at long-term follow-up [67,68]. In RTT in particular, qualitative studies
involving caregivers have indicated that a stable sleep routine improves sleep disturbance
in individuals with RTT and establishes daily routines with reduced daytime stress [67].

While sleep hygiene is foundational, and behavioral therapy is accepted as first-
line therapy for sleep disturbances, not all individuals with RTT will achieve adequate
sleep without additional intervention, and pharmacological intervention may be consid-
ered. Given that individuals with RTT may also have respiratory abnormalities, abnormal
cardiorespiratory autonomic function, and prolonged QTc intervals, caution is advised
regarding safety when selecting pharmacologic agents for sleep disturbances [63].

The use of melatonin in RTT for sleep dysfunction was first reported several decades
ago in a study on 4 weeks of oral melatonin administration at a dose of 2.5–7.5 mg (depend-
ing on body weight) among nine subjects with RTT in a placebo-controlled randomized
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crossover trial [69]. In this study, sleep onset latency (SOL) was reduced by 19.1 +/− 5.3 min,
and the total sleep time (TST) and SE improved in those with worse baseline values. It
should also be noted that the majority of the girls in this study were concomitantly taking
anti-epileptic medications. More recently, the use of melatonin was reported to be associ-
ated with significantly improved sleep quality in RTT children in a survey study including
287 parent respondents [27]. It is worth noting that in the United States, melatonin sup-
plements are available over the counter, and recent studies indicate large discrepancies
between the labeled and actual melatonin content of many commercially available products.
For example, one study found a range of actual content of melatonin that was 74–347% of
the labeled content for 25 melatonin gummy products [70].

A variety of prescription medications (see Table 1) have also been reported for sleep dis-
turbances in RTT, though little evidence exists to support specific pharmacologic therapies,
and no evidence-based guidelines exist. Despite the lack of evidence, prescribing medi-
cations to help manage sleep symptoms on an individual basis is relatively common [71].
Medications used off-label and reported in RTT patients to manage sleep symptoms include
(not in order of preference) clonidine, an α2-adrenoreceptor agonist; GABA-agonists such
as clonazepam or zolpidem; and gabapentin [4]. Notably, clonidine and some other sedat-
ing agents may pose cardiac risks in individuals with Rett syndrome, particularly those
with MECP2 mutations. These risks include QT interval prolongation, which can increase
the likelihood of life-threatening arrhythmias and has been implicated in cases of sudden
unexpected death in RTT. Trazodone, an atypical antidepressant that inhibits the uptake of
serotonin and also has antihistamine activity and α1-adrenergic antagonism, may have the
risk of QTc-interval prolongation [63], a consideration in RTT. Consensus guidelines for
the care of RTT have suggested the consideration of melatonin to assist with the initiation
of sleep and trazodone or clonidine to help maintain sleep [61]. Boban et al.’s survey
conducted among 364 caregivers of children with RTT found that overall, 90 were on sleep
medications, with the most common being 42 individuals on melatonin (either alone or as
polytherapy), while 14 (3.9%) were on clonidine monotherapy, 12 (3.3%) were on trazodone
monotherapy, with 15 (4.1%) reporting other medications for sleep (clonazepam, as well as
other benzodiazepines and GABA-agonist hypnotics, chloral hydrate, diazepam, oxazepam,
antihistamines such as diphenhydramine, cyproheptadine, hydroxyzine, antiepileptics,
antipsychotics, antidepressants, and others including dextromethorphan, baclofen, magne-
sium, and medicinal cannabis), and 21 (5.8%) were on polytherapy [28]. The specifics on
approaches for considering the more commonly encountered of these therapies are avail-
able [63,72], and consideration of off-target impacts and side effects in light of individual
co-existing conditions is key. Other sedating medications such as atypical antipsychotics,
antidepressants, antihistamines, and chloral hydrate are used less frequently but have been
reported in children with neurodevelopmental disorders, particularly in cases of refractory
insomnia [63]. An older study of the supplement L-carnitine reported an impact on sleep
in RTT in an open-label trial with 21 girls and women with RTT (age range: 7–41 years;
mean age of 14.4 years and median age of 10 years) compared with a control group of
62 individuals with Rett of a similar age for a 6 month period. Compared with the controls,
treatment with L-carnitine led to significant improvements in sleep efficiency (p = 0.027),
especially in the subjects with a baseline sleep efficiency of less than 90% [73]. In this
investigation, daytime energy levels also improved. However, a follow-up investigation
involving L-carnitine for sleep is lacking.

Pharmacology and considerations for the use of these agents have been published,
though overall, there is little evidence for outcomes, and the likelihood of adverse
events [63,71] must be evaluated [4]. Specialist involvement is recommended in approach-
ing prescription medication management.
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Managing co-existing conditions is an important aspect of improving sleep quality and
insomnia symptoms. Evaluation and treatment of co-existing GERD and gastrointestinal
dysmotility and constipation, which are incredibly common in RTT [74], as well as anxiety
and mood disturbance, nocturnal breathing abnormalities, and restless legs syndrome,
may contribute significantly to improved sleep quality. Alongside this awareness is the
possibility that certain medications used to manage comorbid conditions may further
impact sleep, sometimes negatively. Effective management of these medical issues, coupled
with physician awareness of the potential sleep-related side effects of prescribed therapies,
is essential for improving overall sleep outcomes.

Managing mood disturbances can significantly improve sleep. One case report [75]
suggests the utility of selective serotonin reuptake inhibitors (SSRIs) in combination with
a serotonin 1A agonist to manage mood issues and self-aggressiveness. One case report
involved an 11-year-old girl with RTT who presented with a year-long history of sleep
disturbances and self-harming behaviors. She had severe sleep disturbances, often sleeping
only 4 h/night, which did not improve while on anti-migraine, anti-epileptic medica-
tions, risperidone, olanzapine, or clonidine. A trial of escitalopram yielded immediate
improvements, with reduced self-harm and improved sleep (11 h nightly) lasting 3 months.
However, SSRI-induced bruxism emerged, necessitating a dose reduction, which worsened
behavioral issues and sleep disturbances [75].

6.2. Sleep-Related Movement Disorders

Sleep-related movement disorders, particularly restless legs syndrome (RLS), warrant
consideration in the sleep evaluation of individuals with RTT, especially given the high
prevalence of iron deficiency in this population. Expert consensus guidelines and those
from the International Rett Syndrome Foundation recommend laboratory assessment for
iron status, including fasting ferritin, serum iron, total iron-binding capacity, and transferrin
saturation, when symptoms suggestive of RLS are present [61,62]. RLS is characterized
by an urge to move the legs at rest, often accompanied by unpleasant sensations, with
symptoms worsening in the evening and improving with movement, yet in young children,
non-verbal children, or children with RTT, diagnosing RLS presents unique challenges,
in which case supportive factors such as behaviors observed by the parent or caregiver,
family history of RLS, personal history of anemia, and periodic limb movements of sleep
(PLMS) on polysomnography may provide support for the diagnosis of pediatric RLS [76].
Importantly, iron deficiency is a known risk factor for RLS, and studies on RTT have
reported iron deficiency anemia or depleted ferritin levels in up to 20% of individuals with
RETT, further supporting routine screening [77]. The current guidelines for the treatment
of RLS in children recommend iron supplementation as a first-line treatment [78].

6.3. Sleep-Related Breathing Disorders

Fu et al. recommended conducting an overnight sleep study for RTT individuals
with snoring or pauses in breathing [61]. More recently, Italian expert consensus guidance
on managing respiratory complications of RTT likewise states that nocturnal polygraphy
and transcutaneous carbon dioxide monitoring are indicated in patients with congenital
RTT and all RTT individuals presenting one or more of the following symptoms: snoring,
obstructive apnea, hypotonia, or scoliosis [79]. If disordered breathing is identified, Cherchi
et al. recommend noninvasive ventilation as tolerated, with consideration of noninvasive
ventilation for all RTT patients with sleep respiratory disorders and those with hypotonia
with associated hypercapnia. Beyond noninvasive ventilation, other therapeutic options
have been contemplated [79]. For example, in light of the high degree of variability in
breathing abnormalities even in the same individuals over time, it has been suggested
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that adenotonsillectomy be considered for sleep-related breathing disorders even when
obstructive apneas do not predominate if they are present, and this therapy appeared
to be reasonably common among children with RTT referred to a sleep specialist in a
single-center retrospective chart review study [39,50]. That said, adenotonsillectomy is not
fully curative, and persistent abnormal breathing has been reported [38].

Other reported therapies include medications such as acetazolamide and nasal
steroids [50]. A retrospective study examined the use of acetazolamide, a carbonic anhy-
drase inhibitor, for treating SRBD in two patients. Both started at 5 mg/kg/dose, with
serum bicarbonate levels monitored weekly, targeting ~15 mEq/L. The first patient, with
an AHI of 21.2 events/h (mostly obstructive but suspected to have a central component),
showed complete resolution of respiratory events (AHI: 0.3) after 17 months and no longer
required daytime naps. The second patient, treated for breath-holding spells and nighttime
apnea, initially required a dose increase to 8 mg/kg/dose (250 mg) to stabilize bicarbonate
levels at 19 mEq/L. The breathing abnormalities resolved, and acetazolamide was stopped
after 3 years of clinical improvement [50]. In the same retrospective study, a patient with
mild OSA (OAHI: 2.8) was treated with nasal mometasone spray for one year, leading to
improved snoring and reduced daytime naps. Despite no change in AHI on a repeat PSG
three years later, the patient remained symptom-free [50].

SSRIs have also shown potential in improving respiratory abnormalities during sleep
and wakefulness in individuals with RTT. Rodent models suggest that SSRIs can induce
MECP2 gene expression and restore CO2 chemosensitivity, which is impaired in RTT
patients [80]. In Mecp2-null male mice, citalopram (an SSRI) restored CO2 sensitivity,
highlighting a therapeutic approach for RTT-related respiratory issues. While research
studies on the use of SSRIs in RTT are lacking, case reports indicate promising results. In
one case, an 11-year-old girl with hyperventilation and apneic attacks was successfully
treated with 10 mg fluoxetine (an SSRI) twice daily, which significantly reduced hyper-
ventilation and breath-holding episodes, and further improvement occurred after adding
buspirone [81]. Another case reported on an 11-year-old female RTT patient with severe
respiratory symptoms, including frequent apneic events during sleep, who was treated
with tandospirone (a 5-HT1A agonist) and fluvoxamine (an SSRI) and experienced reduced
apneic events, improved hand stereotypy, and reduced dysphagia [82]. These findings
suggest that serotonergic agents may help address respiratory issues and associated behav-
iors in RTT linked to impaired serotonergic brain transmission. However, formal research
studies are needed to confirm their efficacy.

This finding highlights a potential therapeutic approach for addressing respiratory
abnormalities in RTT. As breathing disorders are common in RTT, increased interest in
these agents has arisen [4].

Finally, research into neuromodulation suggests that substances that enhance GABAer-
gic mechanisms may reduce breath-holding events and breathing irregularities in RTT and
may restore chemosensitivity [35,80,83], suggesting promising avenues for the future.

6.4. Additional Recommendations

Given that individuals with Rett syndrome (RTT) may live into the fifth decade of life [84],
often with a wide range of complex medical comorbidities—including autonomic dysregu-
lation, motor impairments, epilepsy, swallowing difficulties, sleep disturbances, respiratory
abnormalities, and gastrointestinal and orthopedic complications—there is a critical need to
improve care strategies aimed at enhancing the quality of life for affected individuals.

Non-pharmacological strategies to manage problematic sleep in children with devel-
opmental disabilities, including RTT, are increasingly recognized as essential components
of care. A comprehensive review by Spruyt and Curfs [85] evaluated 90 studies involving
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over 1400 children, with nearly half of the studies focusing on syndromes such as RTT.
The most common interventions included bedtime routines, sleep scheduling, behavioral
reinforcement techniques, and environmental adjustments such as sleep hygiene and sleep
ecology. The review also highlighted the benefit of modifying the sleep environment (e.g.,
weighted materials, sensory-friendly bedding, and dim lighting) to promote continuous
and effective sleep. Sleep ecology—including use of textured blankets, swaddling, and pro-
tective railings—was addressed in 21 studies, with success reported in two-thirds of them.
Importantly, individualized interventions in the home setting were the most commonly
reported and successful ones [85].

A recent preclinical study by Hung et al. demonstrated that music-based interventions
improved social behavior and modulated neurobiological pathways in mecp2 null/y mice,
a model of RTT [86]. It also improved breathing patterns, and decreased the frequency of
epileptic seizures. Specifically, mice exposed to daily music sessions showed enhanced
social novelty behaviors and increased expression of brain-derived neurotrophic factor
(BDNF) mRNA in the prefrontal cortex, along with elevated BDNF protein levels in the hip-
pocampus. The intervention also upregulated FNDC5 gene expression, a known upstream
modulator of BDNF, independent of TrkB signaling. These findings suggest that music
may ameliorate RTT-associated social deficits through neuroplastic mechanisms involving
BDNF/FNDC5 pathways. Although further studies in humans are needed, this study
supports incorporating music-based therapies as a complementary approach to enhance
social functioning, improve breathing pattern and emotional regulation in individuals with
RTT and potentially alleviate sleep disturbances in individuals with Rett Syndrome.

Although a definitive cure for Rett syndrome (RTT) remains elusive, recent advance-
ments in gene therapy have opened promising avenues for treatment. Approaches aimed
at restoring normal MECP2 gene function—the primary gene implicated in RTT—are
showing particular promise, including the potential to improve associated sleep distur-
bances. In addition, ongoing research into pharmacological therapies targeting downstream
pathways affected by MECP2 mutations offers hope for symptom relief and meaningful
improvements in quality of life for individuals with RTT [16].

Table 1. Medications used on RTT patients based on small studies, parent surveys, and case reports.

Drug Name Class or Mechanism Common Indication
Evidence in
RTT Studies

Considerations
in RTT

Melatonin
Synthetic exogenous
hormone; regulates
circadian rhythm

Insomnia, delayed
sleep phase onset

Most commonly used in
RTT based on parent
survey [27,28].
One randomized
crossover trial showed
decreased SE and
increased TST [69].

OTC, variable dosing
practices

Clonidine α2-adrenergic agonist

FDA approved for
ADHD, >6 years old;
off label for
insomnia, RLS:
indicated for
antihypertensive in
adults

Often used off-label as
sedative in
neurodevelopmental
disorders [4,28].

Can lower blood
pressure

137



Children 2025, 12, 869

Table 1. Cont.

Drug Name Class or Mechanism Common Indication Evidence in RTT Studies
Considerations
in RTT

Trazodone Serotonin antagonist and
reuptake inhibitor

Antidepressant for
adults, off-label for
insomnia

Mild sedative effects;
discussed in behavioral
comorbidity context
[28,61].

QTc prolongation risk;
priapism, limited
pediatric data [63,68];
no FDA indication for
pediatric patients

Gabapentin GABA analog
Anticonvulsant, RLS,
neuropathic pain, off
-label for insomnia

Occasionally used as
sedative for comorbid
conditions in RTT with RLS
and seizures; few data
specific to pediatric RTT
[4].

Sedation and mood
effects should be
monitored [4]

Clonazepam,
diazepam,
oxazepam

Benzodiazepine; GABA-A
receptor agonist

Anticonvulsant,
insomnia, anxiety,
muscle relaxant

Based on parent survey, for
dual use as sedative and
for epilepsy management
[4,28].

Dependence risk;
respiratory depression
in high doses [4]

Diphenhydramine First-generation
antihistamine

Allergies, off label OTC
sleep aid

Based on parent survey,
used as sedating option in
refractory insomnia in 1
study [28].

Can cause paradoxical
agitation; not for
chronic use [28]

Hydroxyzine First-generation
antihistamine

Sedation premedication
for procedure, anxiety,
pruritus (approved for
pediatric use)

Based on parent survey,
used for insomnia [28].

Hypersedation, stupor,
nausea, and vomiting

Cyproheptadine Antihistamine Allergies, appetite
stimulant

Based on parent survey,
used for

insomnia [28].

Daytime sleepiness,
weight gain

Escitalopram SSRI

Antidepressant for >12
years old, general
anxiety disorder for
adults

One case report shows
dramatic sleep and mood
improvement in RTT [75].

Bruxism reported;
dosing must be
carefully titrated

Carnitine Amino acid and nutritional
supplement Nutritional supplement

Open-label trial with 21
subjects showing improved
SE and TST [73].

Older study and no
follow up, 2001

Trofinetide

Synthetic analog of a
naturally occurring brain
peptide; insulin-like
growth factor 1 [63,64]

Indicated for RTT for
>2 years old; proposed
mechanism of action is
to promote synaptic
maturation

Improved scores on RSBQ
and clinical Global
Impression Improvement
scale.
One case report with sleep
improvement [59].

No direct evidence of
improved sleep

These medications were used off-label and with no evidence to support their pharmacologic use in RTT. Their use
should be carefully tailored to individual patient needs and comorbidities and monitored by clinicians familiar
with RTT.

7. Conclusions

Children with RTT face a significantly increased risk of sleep disturbances, which
impact not only the affected children but also their caregivers. These sleep issues underscore
the need for further research to develop patient-specific treatments, particularly in the
era of precision medicine. Sleep-related disturbances in RTT are diverse, necessitating
interventions that address multiple aspects of sleep dysfunction [32]. By unraveling these
complexities, researchers, clinicians, and families can work collaboratively to advance our
understanding of the disorder and pave the way for more effective diagnostic, therapeutic,
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and supportive interventions. As we continue to learn more about RTT, we inch closer to
improving the lives of those affected by this condition by improving their sleep.
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Abstract: Background: Neurodevelopmental disorders (NDDs) encompass an inclusive
group of conditions that appear during the developmental period but continue to persist in
adulthood, ranging from particular difficulties to a global impairment of social, cognitive,
and emotional functioning. The developmental trajectories associated with these conditions
are highly heterogeneous. This study aimed to analyze and compare developmental and
adaptive profiles of preschool-aged children with different NDDs to better characterize their
developmental trajectories. Methods: We analyzed data from the initial global evaluation
of 196 children with NDDs (aged 20 to 71 months), enrolled in three subgroups: 108 with
autism spectrum disorder (ASD), 52 with language disorder (LD), and 36 with mixed
specific developmental disorder (MSDD). A comprehensive neuropsychiatric evaluation
was performed using standardized tools (Griffiths-III, ADOS-2, VABS-II, and ADI-R), and
the parents completed the DP-3 and the CBCL 1 1

2 -5. Results: Our results showed that
all NDDs exhibited poor psychomotor skills, with children with ASD being the most
impaired, although their profiles were comparable to those of MSDD in communication
and motor areas. CBCL’s pervasive developmental problem scale has been shown to
provide relevant information for distinguishing children with ASD. Furthermore, DP-3 and
VABS-II measure highly differentiated developmental profiles of each diagnostic group.
Conclusions: Our results highlighted the importance of including parents’/caregivers’
perspectives in defining children’s functioning and the possibility of using DP-3 as a
screening tool for different neurodevelopmental disorders.

Keywords: developmental profile; adaptive profile; neurodevelopmental disorders;
preschool children

1. Introduction

Neurodevelopmental disorders (NDDs) encompass a wide range of conditions that
affect brain development, leading to delays or impairments in cognitive, motor, linguistic,
and socio-emotional domains [1,2]. These disorders, which can persist throughout life and
significantly impact the quality of life, appear early in the child’s development, often before
school age [3]. However, diagnosing these conditions in preschoolers poses significant
challenges due to the complexity and high variability of early development, significant
overlap across NDDs [4], and limitations in diagnostic tools that can lead to diagnostic
uncertainty, delayed identification, or misdiagnosis.

Over the past 15 years, research has highlighted that developmental profiles in NDDs
are highly heterogeneous, not following uniform patterns but instead representing dynamic
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continua shaped by a complex interplay of genetic, neurobiological, and environmental
factors [5,6]. In preschool-aged children, identifying and understanding these trajectories
is essential for early diagnosis and implementation of effective interventions tailored to
the unique child’s needs, which can significantly influence developmental outcomes and
quality of life [7].

Differential diagnosis between different NDDs in preschool-aged children is a complex
and nuanced process that requires careful assessment of cognitive, linguistic, social, and be-
havioral domains to reveal strengths and weaknesses in different areas of development [4].

Autism spectrum disorder (ASD) is a disorder characterized by persistent deficits
in social communication and interaction, as well as restricted and repetitive patterns of
behavior, interests, or activities [3]. In this condition, there is significant variability in
developmental trajectories, with early indicators often emerging in social communication
and sensory–motor integration. Longitudinal studies suggest that some children exhibit
developmental plateaus or regressions, particularly in language and social interaction
domains [8].

Cognitive abilities in ASD are heterogeneous; a previous study found that up to 78% of
preschool children with ASD had clear or suspected developmental delays and another
20% presented average or above-average cognitive levels, resembling the clinical profile of
high-functioning autism [9]. On the other hand, some ASD children may display uneven
skill development with strengths in specific areas (such as rote memory or visual–spatial
processing) and challenges in executive functioning [10,11].

Verbal skills can vary widely, ranging from nonverbal communication to advanced
vocabulary with atypical use. Language delays are quite common in ASD, with challenges
in both expressive and receptive language, leading to diagnostic confusion with LD. How-
ever, children with ASD often exhibit pragmatic impairments and qualitative differences
in language use, such as echolalia or unusual prosody, which are less typical in LD [12].
Nonverbal communication is also frequently affected.

Additionally, impairment in social reciprocity, joint attention (e.g., difficulties in shar-
ing attention with others through pointing or eye contact), and emotional regulation, as
well as repetitive behaviors (e.g., hand flapping or fixations on specific objects) and re-
stricted interests, are hallmark features in preschool children with ASD [13], but they can
be subtle or transient, particularly in children under the age of three, leading to delayed
recognition of the disorder [8].

Language disorder (LD) involves significant and persistent difficulties with language
acquisition and use, because of impairments in understanding or producing language, in
the absence of intellectual disability, sensory impairments, or other medical conditions [3].
Children with LD had significant difficulties in areas highly dependent on language, such
as communication and community participation; the severity of these weaknesses ranges
from very mild to substantial enough to qualify as disabilities. On the other hand, these
children exhibit strengths in areas less reliant on language, including domestic and personal
life activities, play and leisure, coping in social situations, and gross motor skills [14].

While primary language disorder may not involve general cognitive delays, challenges
in working memory and processing speed are often noted [15,16].

So, children with LD primarily struggle with the structure and use of language, while
their social engagement and nonverbal communication skills are generally within the
expected developmental range [17]. However, previous research has shown that language
impairments can hinder social interactions, potentially resulting in social withdrawal or
behavioral issues due to frustration or misunderstanding [12].

Mixed specific developmental disorder (MSDD), as defined by the International Sta-
tistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10),
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describes a condition characterized by delays or difficulties across multiple developmental
domains, including cognition, language, motor skills, social interaction, and behavioral
regulation [18], without meeting the full criteria for a specific neurodevelopmental disorder.
MSDD is not a distinct diagnostic category in current classifications, such as DSM-5-TR
or ICD-11, but is often used clinically to describe heterogeneous developmental profiles
in preschool-aged children when there is a significant impairment in the development of
several functions without any single developmental domain being predominantly affected.

The main aim of this study was to identify and evaluate the developmental level and
the adaptive profile of preschool-aged children with diagnoses of NDDs in order to better
understand different developmental trajectories. Furthermore, we compared the profiles of
different clinical groups in order to verify any differences between these subpopulations
that could have implications for diagnostic and therapeutic strategies.

2. Materials and Methods

2.1. Participants

This study involved 196 preschoolers (M:F = 163:33), ranging from 20 and 71 months
(40.7 ± 10.2), with neurodevelopmental disorders.

Participants were recruited among children referred to the Outpatient Service for
Neurodevelopmental Disorders of the Department of Human Neuroscience at Sapienza
University of Rome, due to difficulties in interaction, communication, and behavior, be-
tween 2021 and 2024.

Inclusion criteria were (a) having an age between 1 and 72 months, (b) having received
a clinical diagnosis of NDD, encoded according to the ICD-10 classification (currently
adopted in the Italian health care system), (c) being in the care of their parents, and (d) not
taking drug treatment or practicing other types of therapy.

Children who had a diagnosis of intellectual disability or associated medical condi-
tions (e.g., neurocutaneous or other genetic syndromes, epilepsy, traumatic brain injury,
significant sensory or motor deficits, other chronic diseases, or reactive attachment disor-
ders) were excluded. Further exclusion criteria were the inability to perform a structured
evaluation of development, due to severe behavioral problems, and the lack of sufficient
knowledge of Italian by parents to complete the entire assessment.

2.2. Procedure

The participants underwent a comprehensive diagnostic evaluation, including medical
history, developmental level assessment, and observational behavior analysis, during which
the disorder was confirmed. Both parents completed a symptom checklist (Child Behavior
Checklist for Ages 1 1

2 -5 years—CBCL 1 1
2 -5) to jointly assess their child’s emotional and

behavioral problems, the Vineland Adaptive Behavior Scale, 2nd Edition (VABS-II), to eval-
uate the child’s adaptive functioning, and the Developmental Profile-3 (DP-3) to investigate
the child’s developmental profile. Specific instruments (Autism Diagnostic Observation
Schedule, 2nd Edition—ADOS-2, and Autism Diagnostic Interview-Revised—ADI-R) were
used to assess autistic symptoms when clinically indicated.

According to the ICD-10 classification, the total sample was divided into 3 clinical
groups: children with LD, MSDD, or ASD.

2.2.1. Developmental Profile

All participants were assessed using the Italian adaptation [19] of the Griffiths Scales
of Child Development, 3rd Edition (Griffiths-III) [20], which was developed as an eval-
uation instrument for children aged up to 72 months of age. The administration takes
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approximately an hour and a half, depending on the clinician’s expertise and the child’s
physical and emotional disposition.

Griffiths-III provides a detailed profile of child psychomotor development (general
developmental quotient—GDQ) and allows the assessment of five domains of development:
foundations of learning (subscale A), language and communication (subscale B), eye and
hand coordination (subscale C), personal–social–emotional (subscale D), and gross motor
(subscale E). Each item is scored as a pass (+1) or a fail (0). Raw scores, obtained from
the sum of the items passed in each scale, are calculated to determine the Age Equivalent,
Scaled Score, and development quotient (DQ), according to the sex and age of patients. In
this study, we considered only DQs.

The DP-3 [21] is a standardized instrument designed to evaluate the development and
functioning of children aged up to 12 years old, providing information about strengths
and weaknesses. It is the updated and revised version of Developmental Profile-II and
consists of either an interview or a parent/caregiver checklist; for this study, we used the
second version.

It has 180 items, each describing a particular skill, with yes/no questions, assess-
ing 5 key areas of development: physical (35 items), adaptive behavior (37 items),
social–emotional (36 items), cognitive (38 items), and communication (34 items). Each
scale provides a raw score which is converted into a standard score; the sum of the stan-
dard scores of the five domains is finally converted into the general development score,
according to the norm tables. Italian adaptation of the DP-3 showed good reliability, both
in terms of internal consistency (with split-half coefficients ranging from 0.64 to 0.96) and
test–retest reliability (correlation range: 0.866–0.968) [22].

2.2.2. Adaptive Function Profile

To characterize the adaptive functioning of the participants, the survey interview
form of the VABS-II [23] was administered to parents. This semi-structured interview is
specifically designed to assess the adaptive level of functioning as a standardized measure
in individuals aged up to 90 years old.

The VABS-II measures 11 subdomains grouped into four broad domain composites
(communication, daily living skills, socialization, and motor skills). Each item can be
scored as 0 (never), 1 (sometimes), or 2 (usually or often). The broad domain raw scores,
calculated by summing the raw scores from each subdomain, are converted into standard
scores which are then combined to provide an adaptive behavior composite (ABC) score,
expressing the individual’s global adaptive functioning. The Italian adaptation of the
scale showed good/excellent internal consistency reliability for broad domains and ABC
(split-half coefficient range: 0.80–0.97) [24].

2.2.3. Emotional and Behavioral Profile

The CBCL 1 1
2 -5 [25] is a parent-report screening tool that assesses behavioral, emo-

tional, and social functioning in preschoolers. It consists of 100 items rated on a 3-point
scale: 0 = not true, 1 = somewhat true or sometimes true, or 2 = very true or often true.
Item raw scores are used to compute T-scores for seven syndromic scales (emotionally
reactive, anxious/depressed, somatic complaints, withdrawal, sleep problems, attention
problems, and aggressive behavior), five DSM-oriented scales (affective problems, anxiety
problems, pervasive developmental problems, attention deficit/hyperactivity problems,
and oppositional defiant problems) and three summary scales (internalizing, externalizing,
and total). In the present study, we used the Italian version of the scale and considered the
T-scores of the DSM-oriented scales and the summary scales.
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The CBCL 1 1
2 -5 has shown good psychometric properties, including high internal

consistency (approximately 75% of scales having a Cronbach’s alpha of 0.78 or greater) and
strong test–retest reliability (r value range: 0.74–0.90).

2.2.4. Signs and Symptoms of ASD

Specific standardized instruments were administered in the differential diagnosis of
patients with autistic features.

The ADOS-2 [26] is a standardized assessment instrument designed to evaluate indi-
viduals with a suspected diagnosis of ASD. It consists of a series of semi-structured activities
and prompts that allow researchers to observe behaviors related to communication, social
interaction, play, and restricted or repetitive behaviors.

This clinical instrument is widely regarded as the “gold standard” for ASD assessment
and it is divided into five different 40–60 min modules, each tailored to different age groups
and language capabilities (Toddler Module, for children aged 12 to 30 months who have
limited or no use of phrase speech; Module 1, for children aged 31 months or older who
have limited or no use of phrase speech; Module 2, for children who use phrases but not
fluently; Module 3, for children and young adolescents with fluent speech; and Module 4,
for older adolescents and adults who are verbally fluent).

The ADOS-2 yields calibrated severity scores (CSSs) for the two domains of social
affect and restricted and repetitive behaviors, as well as for the total score.

In this study, either the Toddler Module, Module 1, or Module 2 were used. Fur-
thermore, the severity of the autistic symptoms was measured with the total CSS of the
ADOS-2, ranging from 1 to 10. The Toddler Module CSS reported in the current study was
computed based on Esler et al. (2015) [27] to allow direct comparison with other modules
of the ADOS-2.

The ADI-R [28] is a 93-item standardized structured interview, which explores core
symptomatic areas of autism: language development, social interaction, and communi-
cation abilities as well as play, interests, and behaviors. The items are split into 4 scales:
(A) reciprocal social interaction, (B) communication and language, (C) restricted, repeti-
tive, and stereotyped behaviors, and (D) abnormality of development evident at or before
36 months.

In the present study, we used the Italian version [29], and we took into account the
scores of A, B, and C scales.

2.3. Data Analysis

All statistical analyses were performed using version 25.0 of the IBM Statistical Package
for Social Science software (SPSS, Inc., Chicago, IL, USA, IBM, Somers, NY, USA).

Descriptive statistics were applied to the sociodemographic and clinical data. Con-
tinuous variables were presented as mean ± standard deviation (SD). Normality was
assessed with the Kolmogorov–Smirnov test. Correlation analyses were performed using
Spearman’s correlation coefficient. For continuous data, an independent sample t-test and
a one-way analysis of variance (ANOVA) with post hoc comparison (Bonferroni) were
used.

The dimensional effect of clinical variables on outcome was evaluated by linear
regression analysis (step-wise method). A p-value <0.05 represented statistical significance
for all tests.
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3. Results

3.1. Sociodemographic Data and Clinical Features

The research sample consisted of 196 children, of which 52 (26.5%) met the specified
criteria for a diagnosis of LD, 36 (18.4%) for MSDD, and 108 (55.1%) for ASD. The mean
age and gender ratio did not differ between the three clinical groups (F = 1.186, p = 0.308;
F = 0.633, p = 0.589).

Developmental level, estimated by Griffiths-III GDQ, was significantly different
across the groups (F = 69.146; p < 0.01); the post hoc analysis showed that GDQ was
significantly higher in the LD group compared to the MSDD group (p < 0.01) and the
ASD group (p < 0.01), while there was no significant difference between the MSDD and
the ASD group (p = 0.061). A significant difference among groups was also found in
all Griffiths-III subscales: foundations of learning (F = 39.087; p < 0.01), language and
communication (F = 42.148; p < 0.01), eye and hand coordination (F = 50.154; p < 0.01),
personal–social–emotional (F = 57.898; p < 0.01), and gross motor (F = 17.050; p < 0.01).
Significantly higher mean scores were found in the LD group than in the MSDD or the ASD
group while there were no statistically significant differences between ASD and MSDD
(see Table 1).

Table 1. Between-group comparisons of the Griffiths Scales of Child Development, 3rd Edition.

Griffiths-III Quotients,
Mean (SD)

Total Sample
(n = 196)

LD Group
(n = 52)

MSDD Group
(n = 36)

ASD Group
(n = 108)

Post Hoc p-Value

FL 65.75 (28.47) 90.36 (15.01) 64.39 (21.96) 54.36 (28.05)
LD vs. ASD <0.01 *

LD vs. MSDD <0.01 *
MSDD vs. ASD 0.097

LC 50.89 (27.26) 75.46 (18.97) 47.22 (24.59) 40.28 (23.94)
LD vs. ASD <0.01 *

LD vs. MSDD <0.01 *
MSDD vs. ASD 0.348

EHC 66.95 (30.74) 96 (21.83) 64.75 (22.99) 53.69 (27.08)
LD vs. ASD <0.01 *

LD vs. MSDD <0.01 *
MSDD vs. ASD 0.069

PSE 56.98 (27.47) 84.33 (19.89) 53.97 (21.27) 44.81 (22.88)
LD vs. ASD <0.01 *

LD vs. MSDD <0.01 *
MSDD vs. ASD 0.092

GM 78.67 (22.08) 92.86 (15.32) 73.55 (22.17) 73.53 (21.97)
LD vs. ASD <0.01 *

LD vs. MSDD <0.01 *
MSDD vs. ASD 1.000

GDQ 54.67 (26.83) 82.86 (16.01) 51.44 (18.94) 42.17 (22.90)
LD vs. ASD <0.01 *

LD vs. MSDD <0.01 *
MSDD vs. ASD 0.061

LD = language disorder; MSDD = mixed specific developmental disorder; ASD = autism spectrum disorder;
SD = standard deviation; Griffiths-III = Griffiths Scales of Child Development, 3rd Edition; FL = foundations of
learning; LC = language and communication; EHC = eye and hand coordination; PSE = personal–social–emotional;
GM = gross motor; GDQ = general development quotient. * p < 0.05.

In terms of parent ratings of children’s developmental functioning, assessed by the
DP-3 checklist, we found significant differences among the three groups in the DP-3 general
development quotient (F = 30.111; p < 0.01); a significant difference among groups was
also found in all mean DP-3 scores (physical: F = 5.387, p < 0.01; adaptive behavior:
F = 16.117, p < 0.01; social–emotional: F = 22.378, p < 0.01; cognitive: F = 30.978, p < 0.01;
and communication: F = 23.606, p < 0.01). Post hoc analysis highlighted significantly
higher mean scores in the LD group than in the MSDD or ASD group in the cognitive and
communication scales. On the physical scale, the LD group obtained significantly higher
scores than the ASD group (p < 0.01); no statistically significant differences were highlighted
between the LD and the MSDD group and between the MSSD and the ASD group. On the
adaptive behavior scale, significantly higher scores were found in the LD group compared
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to ASD (p < 0.01); a significant difference was also found between the MSDD and ASD
group (p = 0.023). On the socio-emotional scale, higher mean scores were highlighted in
the LD group than in the MSDD (p < 0.01) or the ASD group (p < 0.01); no statistically
significant differences were found between the MSDD and the ASD group. Regarding the
general development quotient, the LD group obtained significantly higher scores than the
MSDD (p < 0.01) and the ASD group (p < 0.01); a statistically significant difference was also
highlighted between the MSDD and the ASD group (p = 0.010) (see Table 2).

Table 2. Between-group comparisons of the Developmental Profile-3.

DP-3 Scores, Mean (SD)
Total Sample (n

= 196)
LD Group

(n = 52)
MSDD Group

(n = 36)
ASD Group

(n = 108)
Post Hoc p-Value

Physical 79.65 (20.37) 87.35 (17.61) 78.25 (22.15) 76.42 (20.20)
LD vs. ASD <0.01 *

LD vs. MSDD 0.110
MSDD vs. ASD 1.000

Adaptive behavior 74.66 (20.94) 86.23 (16.15) 78.08 (20.37) 67.95 (20.61)
LD vs. ASD <0.01 *

LD vs. MSDD 0.166
MSDD vs. ASD 0.023 *

Social–emotional 62.52 (25.30) 79.79 (23.93) 63.36 (23.53) 53.93 (22.47)
LD vs. ASD <0.01 *

LD vs. MSDD <0.01 *
MSDD vs. ASD 0.101

Cognitive 60.77 (28.10) 82.19 (21.11) 63.19 (29.39) 49.66 (24.37)
LD vs. ASD <0.01 *

LD vs. MSDD <0.01 *
MSDD vs. ASD 0.014 *

Communication 53.58 (26.21) 70.98 (22.80) 57.42 (27.36) 43.92 (22.66)
LD vs. ASD <0.01 *

LD vs. MSDD 0.026 *
MSDD vs. ASD 0.010 *

General development 54.90 (25.69) 74.11 (21.63) 57.61 (26.62) 44.74 (21.49)
LD vs. ASD <0.01 *

LD vs. MSDD <0.01 *
MSDD vs. ASD 0.010 *

LD = language disorder; MSDD = mixed specific developmental disorder; ASD = autism spectrum disorder;
SD = standard deviation; DP-3 = Developmental Profile-3. * p < 0.05.

Analysis of mean VABS-II scores showed significant differences among the three
groups in all domains (communication: F = 29.854, p < 0.01; daily living skills: F = 45.736,
p < 0.01; socialization: F = 43.111, p < 0.01; and motor skills: F = 8.869, p < 0.01) and in
the adaptive behavior composite score (ABC) (F = 44.636; p < 0.01). Subsequent post hoc
analyses revealed that mean communication, daily living skills, socialization, and ABC
scores were higher in the LD group compared to the MSDD group (all p < 0.01) or the ASD
group (all p < 0.01); there was also a significant difference between the MSDD and the
ASD group. In the motor skills domain, significantly higher scores were found in the LD
group compared to the MSDD (p = 0.030) and the ASD group (p < 0.01) while there were no
statistically significant differences between the MSDD and the ASD group (see Table 3).

Table 3. Between-group comparisons of the Vineland Adaptive Behavior Scale, 2nd Edition.

VABS-II Scores, Mean
(SD)

Total Sample (n
= 196)

LD Group
(n = 52)

MSDD Group
(n = 36)

ASD Group
(n = 108)

Post Hoc p-Value

Communication 73.86 (15.81) 85.83 (11.16) 74.89 (14.33) 67.75 (14.88)
LD vs. ASD <0.01 *

LD vs. MSDD <0.01 *
MSDD vs. ASD 0.025 *

Daily living skills 81.46 (14.39) 94.23 (11.94) 82.33 (11.78) 75.02 (11.95)
LD vs. ASD <0.01 *

LD vs. MSDD <0.01 *
MSDD vs. ASD <0.01 *

Socialization 77.98 (12.99) 89.30 (10.54) 78.67 (9.53) 72.30 (11.40)
LD vs. ASD <0.01 *

LD vs. MSDD <0.01 *
MSDD vs. ASD <0.01 *

Motor skills 82.89 (14.30) 89.67 (14.23) 81.91 (13.88) 79.95 (13.48)
LD vs. ASD <0.01 *

LD vs. MSDD 0.030 *
MSDD vs. ASD 1.000

ABC 76.38 (12.87) 87.94 (9.82) 79.19 (10.32) 70.88 (11.21)
LD vs. ASD <0.01 *

LD vs. MSDD <0.01 *
MSDD vs. ASD 0.032 *

LD = language disorder; MSDD = mixed specific developmental disorder; ASD = autism spectrum disorder;
SD = standard deviation; VABS-II = Vineland Adaptive Behavior Scale, 2nd Edition; ABC = adaptive behavior
composite. * p < 0.05.
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The Supplementary Materials Figure S1 provides a comparison of developmental
patterns among the three clinical groups.

As can be seen in Table 4, on the CBCL 1 1
2 -5, a significant difference among groups

was found in mean T-scores for all composite scales (internalizing: F = 10.186, p < 0.01;
externalizing: F = 3.197, p = 0.043; and total: F = 5.279, p < 0.01) and for three DSM-oriented
subscales (affective problems: F = 4.804, p < 0.01; pervasive developmental problems:
F = 15.539, p < 0.01; and attention deficit/hyperactivity problems: F = 3.109, p = 0.047). The
post hoc analysis highlighted significant differences between the LD group compared to
the ASD group. Statistically significant differences were found between the MSDD and the
ASD group only in the pervasive developmental problems subscale (p = 0.011).

Table 4. Between-group comparisons of the Child Behavior Checklist for Ages 1 1
2 -5 years.

CBCL 1 1
2 -5 T-Scores, Mean

(SD)
Total Sample (n

= 196)
LD Group

(n = 52)
MSDD Group

(n = 36)
ASD Group

(n = 108)
Post Hoc p-Value

DSM-oriented scales

Affective problems 56.92 (7.38) 54.75 (6.41) 55.83 (5.51) 58.33 (8.06)
LD vs. ASD 0.011 *

LD vs. MSDD 1.000
MSDD vs. ASD 0.223

Anxiety problems 56.83 (8.56) 55.33 (7.73) 56.64 (8.71) 57.62 (8.86)
LD vs. ASD 0.341

LD vs. MSDD 1.000
MSDD vs. ASD 1.000

Pervasive developmental
problems 66.54 (10.14) 61.21 (9.21) 64.47 (9.37) 69.80 (9.61)

LD vs. ASD <0.01 *
LD vs. MSDD 0.341

MSDD vs. ASD 0.011 *

Attention
deficit/hyperactivity

problems
57.61 (7.06) 55.65 (5.95) 57.50 (7.59) 58.59 (7.23)

LD vs. ASD 0.041 *
LD vs. MSDD 0.674

MSDD vs. ASD 1.000

Oppositional
defiant problems 55.28 (6.80) 53.96 (7.80) 54.28 (6.04) 56.25 (6.94)

LD vs. ASD 0.138
LD vs. MSDD 1.000

MSDD vs. ASD 0.391

Composite scales

Internalizing 57.63 (10.55) 52.85 (11.12) 56.28 (8.94) 60.38 (9.92)
LD vs. ASD <0.01 *

LD vs. MSDD 0.355
MSDD vs. ASD 0.108

Externalizing 55.80 (10.21) 53.13 (10.31) 55 (9.43) 57.35 (10.21)
LD vs. ASD 0.043 *

LD vs. MSDD 1.000
MSDD vs. ASD 0.684

Total 57.51 (10.82) 53.92 (10.65) 56.42 (9.18) 59.60 (10.99)
LD vs. ASD <0.01 *

LD vs. MSDD 0.837
MSDD vs. ASD 0.359

LD = language disorder; MSDD = mixed specific developmental disorder; ASD = autism spectrum disorder;
SD = standard deviation; CBCL 1 1

2 -5 = Child Behavior Checklist for Ages 1 1
2 -5. * p < 0.05.

In terms of autistic features, as expected, the mean ADOS-2 CSS in the group with
ASD was significantly higher than in the group with MSDD (p < 0.01). Similarly, on the
ADI-R, all scores were significantly higher in children with ASD (all p < 0.01) (see Table 5).

Table 5. T-test comparison between MSDD and ASD group (Autism Diagnostic Observation Schedule,
2nd Edition, and Autism Diagnostic Interview-Revised).

MSDD Group
(n = 36)

ASD Group
(n = 108) p-Value

ADOS-2, mean (SD)
CSS 3.94 (1.45) 6.82 (1.86) <0.01 *
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Table 5. Cont.

MSDD Group
(n = 36)

ASD Group
(n = 108) p-Value

ADI-R, mean (SD)
Reciprocal social interaction 6.05 (3.62) 14.70 (6.19) <0.01 *

Communication and language 6.25 (3.57) 11.09 (3.14) <0.01 *
Restricted, repetitive, and stereotyped behavior 1.85 (1.53) 4.43 (2.49) <0.01 *

MSDD = mixed specific developmental disorder; ASD = autism spectrum disorder; SD = standard deviation;
ADOS-2 = Autism Diagnostic Observation Schedule, 2nd Edition; CSS = calibrated severity score; ADI-R = Autism
Diagnostic Interview-Revised. * p < 0.05.

3.2. Correlation Analyses

Bivariate correlational analysis evidenced strong relationships between assessment
tools. The Griffiths-III GDQ was negatively correlated with measures of autistic symp-
toms, such as ADOS-CSS (r = −0.53, p <0.01) and ADI-R (reciprocal social interaction:
r = 0.54, p < 0.01; communication and language: r = 0.54, p < 0.01; and restricted, repet-
itive, and stereotyped behavior: r = 0.32, p < 0.01), and with the CBCL 1 1

2 -5 total score
(r = −0.19, p < 0.01), However, the GDQ was positively correlated with the VABS-II ABC (r
= −0.65, p < 0.01) and the DP-3 general development score (r = −0.66, p < 0.01). Adaptive
functioning, measured using VABS-II, showed strong correlations with all assessment
tools. Only the motor skills domain did not significantly correlate with the ADOS-2 CSS
(r = −0.10, p = 0.2). Conversely, CBCL 1 1

2 -5 correlational results were less consistent among
the scales. Considering the CBCL 1 1

2 -5 total score, no significant correlation was observed
with the ADOS-2 CSS (r = −0.12, p = 0.13), but it was positively correlated with the ADI-R
domains (reciprocal social interaction: r = 0.42, p < 0.01; communication and language:
r = 0.39, p < 0.01; and restricted, repetitive, and stereotyped behavior: r = 0.38, p < 0.01) and
negatively correlated with the Griffiths-III GDQ (r = −0.19, p < 0.01), VABS-II ABC (r =
−0.44, p < 0.01), and the DP-3 general development scores (r = −0.4, p < 0.01). Moreover,
as expected, we found strong positive relationships between all DP-3 subdomains and
measures of psychomotor and adaptive functioning, as well as negative correlations with
the ADOS-2 CSS and the ADI-R scales. Only the DP-3 physical domain did not correlate
with ADOS-2 CSS (r = −0.09, p = 0.24).

3.3. Predictor of Adaptive Functioning and General Developmental Quotient

A first step-wise method was applied with VABS-II ABC scores as the dependent
variable and Griffiths-III GDQ, DP-3 general development scores, CBCL 1 1

2 -5 externalizing,
CBCL 1 1

2 -5 internalizing, and CBCL 1 1
2 -5 total scores as independent variables across

clinical groups. The model was significant, explaining, respectively, 55% of the variance in
VABS-II ABC scores in LD children (R2 = 0.55, p < 0.01), 54% in the MSDD sample (R2 = 0.54,
p < 0.01), and 36% in the ASD group (R2 = 0.36, p < 0.01).

A second step-wise method was applied with Griffiths-III GDQ as the dependent
variable and DP-3 general development scores, ADOS-2 CSS, CBCL 1 1

2 -5 externalizing,
CBCL 1 1

2 -5 internalizing, and CBCL 1 1
2 -5 total scores as independent variables. We found

a significant effect of the DP-3 general development scores, as well as ADOS-2 CSS on
Griffiths-III GDQ in ASD children (R2 = 0.50, p = 0.02).

4. Discussion

Neurodevelopmental disorders (NDDs) are highly heterogeneous; however, they
share significant overlaps in both primary and secondary symptoms. Especially in early
childhood, children exhibit limited verbal abilities, and this may mask distinctive features.
This overlap often makes NDDs appear similar, and diagnosing might be more challenging;
for example, many early autistic behaviors overlap with those linked to language delays or
intellectual disability [4]. This underscores the importance of selecting appropriate clinical
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instruments or combinations of instruments to identify differences between NDDs and
accurately capture their developmental profiles.

In this study, we administered both screening and diagnostic tools to describe the
developmental profiles of ASD, LD, and MSDD in children aged from 0 to 72 months,
identifying both differences and similarities. The assessment tools were varied in their
levels of structuring, ranging from structured performance tests to parent questionnaires,
and consisted of direct and reported measures about children’s psychomotor development
and well-being.

The initial analysis revealed that, on average, LD children’s general developmental
quotient fell into a lower average range, as was described in the literature [30]. How-
ever, they achieved higher scores across all domains of Griffiths-III and in all assessment
instruments administered, when compared to other diagnostic groups.

They also exhibited fewer adaptive and socio-emotional problems according to VABS-
II and CBCL 1 1

2 -5 total scores. These findings partially diverged from the existing literature,
which suggests that children with language disorders are at risk for psychosocial difficulties
or morbidity [31–35]. We could explain this discrepancy by the fact that many of these
works investigated socio-emotional problems in adolescence or late childhood, focusing
on the effects of persisting language problems during school age or co-occurrence of
low IQ. Conversely, the mean age of our sample was only 40.67 months and there was
no significant evidence of strong correlations between language delays and behavioral
problems in toddlers, except for withdrawn scores [36]. Indeed, caregivers frequently
remain unaware of children’s socio-emotional or behavioral difficulties until 36 months of
age, when children attend school and parents receive feedback from teachers.

However, considering information from the DP-3, it emerged that LD children had
delayed or below-average developmental profiles, with clinical difficulties not only in
communication but also in adaptive, socio-emotional, and cognitive functioning.

Therefore, we might assume that DP-3 provided a more detailed and reliable picture
of LD children’s skills. Indeed, DP-3 proved to also be an effective clinical tool for assessing
expressive speech development disorders in preschool children [37].

Children with ASD exhibited the most impaired profile, showing the lowest scores
in all domains of Griffiths-III, VABS-II, and DP-3, as well as the highest scores in CBCL
1 1

2 -5 domains. However, no significant differences were found in Griffiths-III quotients
compared to the MSDD group in communication and motor fields.

The literature reported a prevalence of approximately 50% of global developmental
delay or intellectual disability in preschoolers with ASD [38,39], alongside impairments
in language, cognitive, and motor fields compared to neurotypical peers [40–43]. Autistic
children frequently demonstrate difficulties concerning phonological and visuospatial
working memory, executive functions, and Theory of Mind [40,44–47], which significantly
impact multiple domains of development and adaptive functioning, as it was confirmed by
Griffiths-III, VABS-II, and DP-3 scores. According to VABS-II and DP-3, individuals with
ASD showed difficulties mostly in communication and a highly delayed developmental
profile. Moreover, the relationship between IQ, language abilities, and adaptive functioning
was well documented [48,49]. VABS-II confirmed the results of previous studies [50],
revealing the following pattern: motor skills scores > daily living skills scores > socialization
scores > communication scores. All domain standard scores positively correlated with
Griffiths-III scale scores and negatively with ADOS-2 CSS. The only exception was the
Vineland motor domain, which did not correlate with ADOS-2 CSS. When analyzing
the adaptive profiles of other clinical groups, we did not observe the same pattern. LD
children stood out for their higher daily living skills scores, followed by motor skills scores,
social skills scores, and communication scores, though none of these scores fell into the
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clinical range. Conversely, MSDD children achieved good motor skills, comparable to
those of ASD children, followed by daily living skills, social skills, and communication
skills. All adaptive profiles significantly differed among diagnoses, except in the motor
domain, where no differences were found between ASD and MSDD children. Similarly,
the DP-3 physical domain did not significantly differentiate between these groups and no
correlations were observed with ADOS-2. The motor skills domain was comparable among
ASD and MSDD children, and we hypothesized that our assessment tools might lack the
sensitivity needed to detect subtle differences between these profiles, or that motor skills
did not characterize their developmental profiles in early childhood.

In ASD impairments, cognitive and social functioning are often combined with dis-
ruptive behaviors, such as conduct problems, physical and verbal aggression, and self-
injuring [51]. Disruptive behaviors are very common and negatively impact the quality
of life [52–54], reducing cooperative attitude, escaping demands, and gaining access to
preferred objects or to restricted and repetitive interests [55,56]. We thought that these com-
mon conduct problems could interfere with completing tests of Griffiths-III and contribute
to lowering scores and adaptive functioning [44].

Regarding the MSDD, we found that their Griffiths-III scores differed significantly
from those of LD children and ASD children, except for communication and motor skills.

Interpreting these differences is challenging because of the limited and available
literature.

Few studies have explored MSDD functioning and developmental profiles, though
interest in their psychiatric comorbidities is increasing [57].

However, we hypothesized that the similarity in developmental profiles might be
explained by the frequent application of the MSDD diagnosis to children previously identi-
fied as being at risk for autism spectrum disorders. ICD-10, indeed, describes the mixed
specific disorder as “a residual category for disorders in which there is some admixture of specific
developmental disorders of speech and language, of academic skills, and motor function, but in which
none predominates sufficiently to constitute the principal diagnosis” [18].

Similar to ASD, mixed specific disorders involve impairments in more than one devel-
opmental area, threatening the typical developmental trajectory. However, in these cases,
there is not a selective impairment of communication skills or other autistic behavioral
anomalies, such as restricted and repetitive interests.

ADOS-2 and ADI-R are rarely administered in case of suspected language disorders
but are used when ASD and mixed specific disorders are suspected. These tools are
considered highly sensitive in detecting autistic symptoms and our results underscore their
crucial role in distinguishing children with ASD and MSDD. As previously reported [44],
our study confirmed that ADI-R and ADOS-2 CSS were significantly higher in children
with ASD compared to those with mixed developmental disorders. Furthermore, these
scores were negatively correlated with Griffiths-III, VABS-II, and DP-3 scores.

From a cross-diagnostic perspective, we found that the Griffiths-III scores efficiently
differentiated children with language disorders from those with mixed developmental and
ASD. However, it did not fully capture differences between MSDD and ASD profiles across
all domains, such as communication and motor skills. Nevertheless, Griffiths-III showed
significant correlations with adaptive functioning, developmental profiles, ADOS-2, and
ADI-R scales (except for the restricted, repetitive, and stereotyped behavior scale of ADI-R).
These findings are consistent with previous studies, further validating its usefulness as an
essential tool for neurodevelopmental assessment.

Regarding CBCL 1 1
2 -5 scores, we observed consistency across the diagnostic groups,

and only the pervasive developmental problem (DSM-PDP) scale detected differences
between diagnoses.
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This result confirmed findings in the literature, which provided evidence of the utility
of CBCL1 1

2 -5 in identifying children with ASD in Level 1 screening. In particular, the
DSM-PDP scale effectively distinguished ASD children from neurotypicals, but also from
children with other psychiatric disorders [58–61]. We observed significant differences in
the DSM-PDP score between ASD children and other NDDs, but not between MSDD and
LD children. We hypothesized that the DSM-PDP is more sensitive to ASD compared to
other NDDs and that the lack of significant differences between LD and MSDD children
could be attributed to the limited sample size.

Then, we found that VABS-II and DP-3 scores were significantly correlated with the
scores of each administered instrument. This suggested that adaptive functioning and
developmental profiles were closely tied to developmental quotients, socio-emotional
well-being, and autistic symptoms. These clinical assessment instruments proved highly
sensitive in differentiating the diagnostic group, creating different profiles for each one.

Notably, regression analysis revealed that a significant portion of the variance in
adaptive function across neurodevelopmental disorders and, in general, developmental
scores of ASD children could be explained by DP-3. We assumed that DP-3 could be an
efficient measure of development, bridging the gap between performance tests and clinical
settings by providing information about the everyday functioning of patients.

5. Conclusions

The present study provided a descriptive analysis of the most common developmen-
tal disorders in early childhood, combining different types of clinical assessment tools:
performance-based structured tests, semi-structured observation, semi-structured inter-
views, and questionnaires. We integrated information from clinical and natural settings to
depict reliable, comprehensive, and detailed developmental profiles, highlighting strengths,
weaknesses, and specific characterization aspects. We investigated multiple domains of
global functioning, including adaptive, psychomotor, and socio-emotional functioning, and
we identified overlaps between diagnostic groups to evaluate which clinical instruments
were most efficient in distinguishing clinical patterns.

According to our results, all NDDs exhibited low psychomotor skills, with ASD
children being the most compromised, although their profiles were comparable with those
of MSDD in communication and motor areas. These findings were consistent with other
clinical instrument results, which correlated with Griffiths-III scores, except for CBCL 1 1

2 -5
measures, likely due to the early age of the children and the sample size.

Only CBCL’s pervasive developmental problem scale provided relevant information in
distinguishing ASD children. However, DP-3 and VABS-II measures highly differentiated
developmental profiles of each diagnostic group and they were significantly correlated
with performance-based tests. These results highlighted the importance of including
parents’/caregivers’ perspectives in defining children’s functioning and the possibility of
using DP-3 as a screening tool for different neurodevelopmental disorders. DP-3 could be a
very useful assessment tool: its intuitive dichotomous structure allows for the investigation
of all development domains, requiring minimal resources.

6. Limitations

Although this study offered a detailed descriptive analysis and valuable insights,
certain limitations should be acknowledged. First, while the sample size was sufficient, the
diagnostic groups were unbalanced. ASD children were more numerous than those in other
groups and females were underrepresented. Future studies could include an equal number
of children across all clinical groups and reduce the predominance of males. Second, we
did not observe concordance regarding motor differences between children with ASD

154



Children 2025, 12, 125

and MSDD. Although specific assessment instruments are available, their sensitivity and
specificity may be reduced in preschool children with NDDs due to peculiar difficulties
in behavior, comprehension, and imitation. Moreover, the limited literature on MSDD
hindered deep analysis of developmental profiles and restricted comparison with other
diagnostic categories. So, it was challenging to draw strong inferences about MSDD
children’s functioning. Finally, we did not differentiate children based on their cognitive
functioning. However, future longitudinal follow-up studies should discern high- and low-
functioning children and evaluate the progression of their development profiles.
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Abstract: Background: Childhood hearing loss is a common chronic condition that may have a broad
impact on children’s communication and motor and cognitive development, resulting in functional
challenges and decreased quality of life (QoL). Objectives: This pilot study aimed to compare
executive functions (EFs) as expressed in daily life and QoL between deaf and hard-of-hearing
(D/HH) children and children with typical hearing. Furthermore, we examined the relationship
between EFs and QoL in D/HH children. Methods: The participants were 76 children aged 7–11 yr:
38 D/HH and 38 with typical hearing. Parents completed the Behavior Rating Inventory of Executive
Function (BRIEF) and Pediatric Quality of Life Inventory (PedsQL), while the child performed a
shopping task in the virtual action planning supermarket (VAP-S) to reflect the use of EFs in daily
activity. Results: D/HH children showed significantly poorer EFs (as measured by BRIEF and VAP-S)
and reduced QoL. Difficulties in EFs were correlated with lower QoL. BRIEF scores were significant
predictors of QoL domains. Conclusions: Difficulties in EFs may characterize children with D/HH
and reduce their QoL. Therefore, EFs should be screened and treated. VAP-S and BRIEF are feasible
tools for evaluating EFs that reflect children’s challenges due to EF difficulties in real-life contexts.

Keywords: deaf and hard of hearing children; executive functions; virtual reality; daily activity;
quality of life

1. Introduction

Hearing loss is one of the most common chronic conditions in children, impacting
about 34 million children worldwide [1]. Hearing loss encompasses both complete and
partial loss of hearing ability [2]. Hearing loss is commonly classified as mild, moderate,
severe, or profound [3]. In the United States, the majority of hearing loss cases (50–60%) are
genetic, including syndromic (15–30%) and non-syndromic (70–85%) varieties [4,5]. Of the
remainder, about 35% of cases are associated with infectious disorders or occur as a result
of neonatal events [6]. In addition, the etiology of hearing loss is divided into conductive
(due to conditions affecting the external or middle ear), sensorineural (caused by damage
or diseases related to the inner ear, such as the cochlea with or without auditory nerve
involvement), and mixed hearing loss causes [3]. Hearing loss can affect one (unilateral)
or both ears (bilateral). In all cases, hearing loss may lead to functional difficulties and
delays in children’s communication, motor, and cognitive development [3,7,8]. Therefore,
the World Health Organization (WHO) highlights the necessity of early identification
and appropriate intervention measures to ensure children’s optimal development and
well-being [9].
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When referring to the implications of hearing loss on children’s cognitive abilities,
a large body of knowledge emphasizes that the difficulty in adequately perceiving audi-
tory sensory information due to hearing loss may affect children’s language development,
verbal memory, attention, working memory, and behavioral regulation [10–15]. Work-
ing memory and behavioral regulation are components of high cognitive abilities called
executive functions.

Executive functions (EFs) refer to complex cognitive processes including control, su-
pervisory, and self-regulatory mechanisms. EFs are responsible for organizing and directing
all cognitive activities, emotional reactions, and obvious behaviors. EFs are essential for
decision-making and performing meaningful, goal-directed actions [16,17]. Therefore, EFs
include capacities such as inhibitory control, selection of relevant task goals, working mem-
ory activation, planning and organizing information, solving complex problems, shifting,
monitoring a course of action, and evaluating success [16,18]. Because EFs are critical for
performing and managing almost all activities of daily life and for adaptive responses to
environmental demands [16,19], difficulties in EFs may significantly affect each aspect of
daily function. EF difficulties become more visible when an individual is asked to function
in a new and unexpected situation when performing multiple tasks simultaneously or
new patterns of action [18,20,21]. In children, adequate EFs are a crucial part of their
development and are essential for academic achievement, proper social interactions, and
daily activity performance [22,23].

Hearing loss during childhood may affect EFs [24–26]. Several studies have been
conducted on the development of EFs in deaf and hard-of-hearing (D/HH) school-aged
children [26–33]. The combined outcomes of these studies show that D/HH children
perform significantly lower in all EF tasks compared to their typical hearing peers. Work-
ing memory and inhibition are two areas in which differences have been consistently
documented [11].

Some authors have explained EF differences by recognizing the complex interrela-
tionships between hearing, language, and EFs [28,30,34–37]. While some authors have
suggested that hearing deprivation has a direct impact on EFs and other higher cognitive
processes [34,35], others argue that language deprivation can explain the effect of hearing
deprivation on EFs [28,30,36,37]. According to the first hypothesis, hearing loss causes
an abnormal bias in developmental and neural connectivity, which may impact EFs and
other cognitive processes [34]. The second hypothesis argues that the differences in EFs are
caused by a deficiency in language development, given that both are closely related and
that language is part of cognitive abilities [37]. A third possibility, proposed by Conway
et al. [38], suggests that differences in social environments may impact EFs. Additional
studies claim that EF difficulties may be a result of vestibular disorders [39,40], which
often present in D/HH children [41]. The relationship between vestibular dysfunction
and cognitive impairment remains unclear; however, existing research suggests a potential
pathway. The increased gaze and postural instability associated with vestibular loss might
demand elevated attentional resources for maintaining balance, consequently reducing
the cognitive capacity available for other tasks [39]. Hence, there is no scientific consensus
regarding the causal nature of decreased EFs in deaf children. Therefore, more scientific
research is needed to elucidate the causes or factors associated with poor EFs in deaf
children, allowing us to intervene in these differences immediately and successfully.

Difficulties in EFs among D/HH children may reduce their development, social
relationships, and emotional status and can explain variance in learning performance and
academic achievement [42–49]. For example, Taljaard et al. indicate that lower hearing
levels are associated with lower performance across all cognitive domains, including
executive functioning [45]. These concerns have long-term implications for educational
and occupational development. For example, Qi and Mitchell [44] found that D/HH
children performed consistently poorer in reading and mathematics than typical hearing
children. Thus, it is essential to screen for executive dysfunction as early as possible,
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mainly in vulnerable groups such as D/HH children, to ensure optimal development and
function [7,23,31,37].

Most existing studies on EFs in D/HH children examine separate EF components,
such as inhibition, shifting, and working memory [11,50]. Data are mainly gathered
by neuropsychological measures and in laboratory/clinical settings [24,27,51,52], and
lack a comprehensive perspective on the implications of EFs on children’s daily lives.
Ecological valid measures that imitate activities in real-life contexts [16,53–55] may provide
knowledge about how EFs affect the daily functioning of D/HH children. This is in line
with the International Classification of Functioning, Disability, and Health (ICF) of the
World Health Organization [9], which stresses the necessity of health professionals to
consider the implications of a health condition (such as hearing loss) and related body
dysfunctions (as EF difficulties) on the individuals’ ability to carry out everyday activities
and participate in daily life contexts (home, school, community).

One standardized evaluation that measures how various executive function (EFs)
components affect children’s daily lives is the “Behavior Rating Inventory of Executive
Function” (BRIEF) [56]. The parents’ version of the BRIEF enables gathering information
from the children’s main caregivers, which aligns with the family-centered approach
that encourages gathering information from parents to increase their awareness of the
challenges and functional limitations their child encounters. However, there is a need to
gather information directly from the child [57]. The use of Virtual Reality (VR) to evaluate
EFs in actual life directly from the child, in a friendly manner, could provide a solution. VR
is a human–computer interaction platform that allows the creation of realistic temporal and
spatial situations or objects by simulating real-world conditions [58]. VR as an ecologically
valid EF assessment enables physicians to observe their clients in everyday situations while
performing a task in real-time, potentially incorporating conventional neuropsychological
evaluation methods and enhancing reliability and psychometric validity [58,59].

In the rehabilitative context, VR offers several beneficial qualities, such as the abil-
ity to administer instructions and stimuli through multiple senses (auditory, visual, and
tactile), which can be tailored to patients’ potential sensory impairments [58]. VR also
provides game-like elements that are perceived as interesting and enjoyable by children,
enhancing their sense of immersion, motivation, and cooperation [60–62]. Additionally,
VR enables individualized treatment based on the abilities and needs of the patients, and
has been found to increase independent functioning in real-life scenarios for various clini-
cal populations [54,63–65]. One of the VR platforms used to evaluate executive function
(EF) during instrumental activities of daily living (IADL) is the Virtual Action Planning
Supermarket (VAP-S) [66,67]. Shopping activities involve the intense use of EFs, such
as planning, working memory, and monitoring, making them a relevant task for assess-
ment [53,68]. The VAP-S simulates a medium-sized supermarket with numerous aisles
and records the various EFs used by individuals to successfully purchase a list of daily
products [66,69]. Previous studies have demonstrated the VAP-S to be a reliable and valid
tool for evaluating EF difficulties in neurological and psychiatric populations [54,70–72],
with the ability to classify over 70% of participants based on their group and diagnosis [73].
The VAP-S has also shown concurrent validity with other EF assessments, such as the
Behavioral Assessment of the Dysexecutive Syndrome (BADS) [74]. However, to the best
of our knowledge, this is the first study to apply the VAP-S to children who are deaf or
hard of hearing (D/HH).

The present study discusses the importance of quality of life (QoL) in children, par-
ticularly for those with chronic conditions such as hearing loss. QoL is defined as an
individual’s subjective perception of their physical, social, and psychological function-
ing [9]. Health-Related Quality of Life (HRQoL) is a subcategory that addresses how a
chronic condition affects a person’s QoL [75]. Therefore, it is a valuable method of assessing
psychosocial functioning in children with chronic conditions that impact several aspects of
their lives, such as hearing loss. Hearing loss has been reported to affect a child’s quality of
life [76]. Evidence from previous studies suggests that the consequences of hearing loss
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extend far beyond audition, negatively affecting components of QoL, such as academic
performance [77], emotion and behavior [78], social functioning [79], and psychosocial
functioning [80]. Previous studies have found mixed results regarding the impact of hear-
ing loss on children’s QoL, with some studies reporting lower QoL [81,82], while others
found no significant differences [83–85] or differences only in specific subdomains [80,86].
The inconsistent outcomes may be due to the varying effects of family, peers, and school
on children’s QoL, as well as their limited capacity to make significant changes to their
environment independently [87]. Consequently, special generic tools for measuring QoL in
children have been developed, such as the Pediatric Quality of Life Inventory (PedsQL) [88],
which evaluates children’s QoL from both their parents’ and their own perspectives. Since
all QoL domains are among those that may be negatively influenced by difficulties in EF,
it seems reasonable that children with disorders involving difficulties in EF may be at an
increased risk of poor QoL. The most convincing evidence for a link between EF and QoL is
provided by conditions such as head injuries and attention-deficit/hyperactivity disorder
(ADHD), both of which are related to executive difficulties as primary symptoms [89,90].
Research among these populations indicates that they are more likely to have poor QoL in
various areas, such as physical and social functioning, parental emotional well-being, and
family related activities [91–93]. Furthermore, additional studies have shown that EF can
predict QoL in various populations, including pediatric epilepsy [94], diabetes mellitus [95],
and children with congenital heart disease [96].

Since hearing loss and EF may affect the child’s physical and psychological health,
social interactions, and level of independence, it is important to refer to the interactions
between these factors. The present pilot study explored the relationship between EF and
QoL among D/HH children. Elaborating knowledge about these interactions may assist in
optimizing intervention programs for D/HH children that are focused on improving daily
function and QoL.

The present study aimed to (1) compare EF as expressed in daily life (based on parents’
reports, using the BRIEF, and in daily activity performance using the VAP-S) and QoL
between D/HH and typical hearing children; (2) examine the relationship between VAP-S
and BRIEF scores among D/HH children; and (3) examine the relationship between EF and
QoL among D/HH children and the ability of EF to predict QoL domains.

Four hypotheses were posited:

Hypothesis 1. Differences in EF and QoL are expected between D/HH children and their typical
hearing peers.

Hypothesis 2. Among D/HH children, deficits in EF as measured by the BRIEF are expected to
correlate with performance on the VAP-S.

Hypothesis 3. Among D/HH children, deficits in EF as measured by the BRIEF and VAP-S are
expected to correlate with QoL.

Hypothesis 4. Among D/HH children, EF components would predict various QoL domains.

2. Materials and Methods

2.1. Participants

A total of 76 children aged 7–11 years participated in this pilot study: 38 D/HH
and 38 typical hearing children. All participants were recruited from regular education
schools north of (BLINDED). Based on assessments performed in their school, a normal
cognitive level was found in both groups. In the study group, the severity of hearing
loss was determined based on audiologic evaluations and medical records found in the
school. Participants’ socioeconomic level ranged from low to high based on their parents’
reports about their mean monthly income level (according to the criteria published by the
Central Bureau for Statistics in Israel, 2020) [97]. Although the groups were supposed to be
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matched by sociodemographic parameters, according to the final sample, differences were
found in mothers’ years of education and socioeconomic level, which were higher in the
normal group, as shown in Table 1.

Table 1. Participants’ socio- demographic information and the study group’ hearing impairment
characteristics.

D/HH Children
(n = 38)

Typical Hearing Controls
(n = 38)

t (74)

M ± SD M ± SD

Age 9.09 ± 1.37 9.41 ± 1.43 0.99
Mothers’ years of education 11.92 ± 2.48 16.05 ± 3.00 6.54 **

Number (%) Number (%) χ2

Gender
0.84Male 20 (52.6%) 16 (42.1%)

Female 18 (47.7%) 22 (57.9%)

Socio-economic level

16.13 **
Low 8 (21.1%) 4 (10.5%)
Average 24 (63.2%) 11 (28.9%)
High 6 (15.8%) 23 (60.5%)

The study group’ hearing impairment characteristics

Side of hearing impairment
Unilateral 11 (28.9%)
Bilateral 27 (71.1%)

Severity of hearing impairment
Mild (20–35 dB) 13 (34.2%)
Moderate (35–50 dB) 21 (55.3%)
Moderately- severe (50–65 dB) 2 (5.3%)
Severe (65–80 dB) 2 (5.3%)

Type of hearing loss
Conductive 11 (28.9%)
Sensorineural 26 (68.4%)
Mixed 1 (2.6%)

Device used
Hearing aid 30 (78.9%)
Cochlear implant 3 (7.9%)
Hearing aid + Cochlear
implant 5 (13.2%)

Mode of communication
Oral 37 (97.4%)
Signing 0
Oral + Signing 1 (2.6%)

** p ≤ 0.01. M = mean; SD = standard deviation. The socio-economic level was defined according to the criteria
published by the Israeli statistical bureau (2020). The severity of hearing impairment was classified according to
the World Health Organization criteria [1].

The exclusion criteria for all participants were as follows: severe/chronic physi-
cal/mental health conditions (such as cerebral palsy or intellectual developmental deficits).
Deficits were identified based on medical records and parents’ reports. Furthermore,
the inclusion criteria for the typical hearing control group were normal hearing (a nor-
mal hearing test where the threshold is lower than 20 dB), as reported by parents in the
demographic questionnaire.
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2.2. Measures
2.2.1. A Socio-Demographic Questionnaire

This questionnaire included socio-demographic and medical information about the
children, such as age, gender, parents’ education, developmental difficulties, health status, etc.

2.2.2. The Behavior Rating Inventory of Executive Function—Parents Form (BRIEF) [56]

This standardized parent report, for children aged 5–18 years, characterizes their
executive functions in natural, everyday environments [16]. The BRIEF consists of eight
subscales: inhibit—resist impulses; shift—adjust allocation of attention and transition
between tasks; emotional control—regulate and modulate emotion; initiate—start tasks;
working memory—hold information in one’s immediate awareness long enough to perform
a given task; plan/organize—use future orientation to complete steps in a sequence to meet
a goal; organization of materials—effectively manage belongings; and monitor—self-check
one’s progression with a task and adjust accordingly. The first three subscales combine
to form the Behavioral Regulation Index (BRI), and the last five subscales combine to
form the Metacognition Index (MI). The BRI and MI are combined into a Global Executive
Composite (GEC) score. The BRIEF includes 86 statements describing various behaviors
in which the parent rates the behavior frequency in the past six months on a Likert Scale
ranging from 1 (never) to 3 (often). Higher scores on sub-scales, indices, and the GEC are
indicative of more problems or difficulties with the executive function measured by the
respective scale (score > 65). Test–retest reliability r = 0.86 for GEC, r = 0.88 for BRI, r = 0.84
for MI [56].

2.2.3. The Virtual Action Planning Supermarket (VAP-S) [69]

The VAP-S is a shopping task applied in a virtual supermarket and assesses EFs as
expressed in an IADL assignment. The individual is asked to purchase seven items from
a list of products from various categories, such as milk products, fruits, and vegetables.
The child should then proceed to the cashier’s desk and pay for the products. A training
task that is similar but not identical to the test is also available to enable the user to become
acquainted with the virtual environment. To select a product, the participant presses the
left mouse button; the item automatically moves to the cart and its icon disappears from the
displayed shopping list. When the participant is ready to pay, they must go to a checkout
counter where a cashier is present. Otherwise, payment cannot be completed. At the
cashier check-out counter, the participant places the items on the conveyor belt by pressing
the left mouse button with the cursor pointing to the belt. The participant presses the left
mouse button again to return the items to the cart. Payment is achieved by clicking on
the wallet icon. The task is completed when the participant proceeds to the supermarket
exit with the cart. While performing the task, visual and auditory distractions (such as
other shoppers, signs or objects, and background sounds or music) appear to assess EFs,
such as attention and inhibition [67,70]. The present study used the upgraded version of
the virtual supermarket VAP-S 2 [67], which was visually improved and yielded more
outcome measures. The VAP-S versions were modified to resemble an Israeli supermarket:
the relevance of the products, the names of the aisles and grocery items, and all elements
of the task were translated into Hebrew and Arabic [67,70]. The VAP-S was shown to be
an ecologically valid assessment of EF in people with schizophrenia, Parkinson disease,
people with mild cognitive impairment (MCI) and people with stroke [71,73].

Outcome Measures: The VAP-S produced a variable report calculated from the
recorded data. These included the total distance in meters traversed by the participant
(referred to as the trajectory, Figure 1), the total time in seconds it took the user to complete
the task, the number of items purchased (the number of items found and successfully
moved into the cart), the number of correct actions (i.e., going to a checkout counter with
an attending cashier and not to the one with no cashier; placing the items on the conveyor
belt; removing the items from the conveyor belt; paying and exiting the supermarket), the
number of incorrect actions (i.e., selecting items were not included in the list; selecting
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same item twice; going to a check-out counter without an attending cashier; exiting the
supermarket without paying; staying within the super), the number of pauses, the com-
bined duration of pauses in seconds, and the time to pay (i.e., the time between when
the cost was displayed on the screen and when the participant clicked on the purse icon).
In addition, The VAP-S automatically recorded the participant’s positions to provide an
overview of the trajectory, collisions, and stops they made during the virtual shopping task
(Figure 1). The eight outcomes can be conceptualized in terms of executive functioning
into two categories: (1) variables that evaluate “task completion” as measured by number
of purchased products and correct actions (2 variables); and (2) variables that evaluate
“efficiency”, which is defined as competency in performance or ability to complete work
with minimum expenditure of time and effort; efficiency was measured by time, distance,
and incorrect actions (6 variables) [71]. To summarize, the main EF components were
measured by looking at the participants’ planning abilities within the VAP-S and their
organization in time and space [71].

 

Figure 1. Picture showing the trajectory (path) of a participant during performance of the VAP-S.
The departure of the path is indicated with the letter D. White dots correspond to the participant’s
recorded positions. The orange squares represent the places where products appear on the shopping
list. The purple dots represent participants’ stops. The blue dots represent collisions made by the
participant. The green squares represent checkout counters with a cashier present. The red squares
represent checkout counters without a cashier.

2.2.4. The Pediatric Quality of Life Inventory (PedsQL) [88]

The PedsQL assesses QoL in children and adolescents aged between 2 and 18 years.
The PedsQL has a self-report version (for children above 5 years) as well as a parent-report
version (used in the present study) and consists of 23 items that evaluate four domains of
QoL: physical, emotional, social, and school-related QoL. The three domains of emotional,
social, and school-related QoL comprise the total score for psychosocial QoL. In addition,
the total QoL score is calculated for all the items. The questions are phrased in terms of the
frequency of problems experienced over the past month used a 5-point Likert. The scores
are converted into a scale of 0 to 100. A higher score indicates a higher QoL.

2.3. Procedure

After receiving permission from the Ethics Committee of the University of Haifa,
Ministry of Education, advertisements for participating in the study were published in
schools in the north of Israel, calling papers and children to participate in a study on EF
and QoL among D/HH children. Parents who agreed to participate with their child in
the study contacted the study conductor via phone call, in which they were asked several
questions to ensure inclusion criteria. A meeting was set between the study conductor,
parents, and children in the child’s school. In this meeting, the parents signed a consent
form, and the children approved their consent to participate in this study. The parents
completed the socio-demographic questionnaire, the BRIEF, and the PedsQL, while their
children completed the VAP-S in a quiet room.
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2.4. Data Analysis

All statistical analyses were conducted using the SPSS-25 program. Descriptive statis-
tics were calculated for all measures. T test and chi-square tests were performed to examine
the differences between the two groups in the relevant demographic variables. Normality
tests were applied, and most of the dependent variables showed an abnormal distribution.
Hence, the Mann–Whitney test was used to examine whether significant differences existed
between the groups in BRIEF, VAP-S, and PedsQL scores. Among D/HH children, the
Spearman test was used to examine the correlations between the outcome measures. Based
on the correlation results, stepwise linear regression was used to test the contribution of
BRIEF and VAP-S scores to the prediction of QoL. As predictors of the emotional, school-
related, psychological, and total QoL domains, the following parameters were inserted into
the regression: VAP-S: Total distance, total time, and efficiency scores, and BRIEF: MI, BRI,
and GEC. To predict the physical QoL domain, the following parameters were inserted into
the regression: VAP-S: Total distance score; BRIEF, MI, BRI, and GEC scores. For predictions
of the social QOL domain, the BRIEF-MI, BRI, and GEC scores were only inserted into the
regression. The correlation between mothers’ years of education, socioeconomic level, and
the research variables was examined. The results revealed significant findings; thus, this
variable was included as a step in the regression analysis. The level of significance was set
at p ≤ 0.05 for all statistical tests.

3. Results

3.1. Hypothesis 1: Comparisons between Groups

When comparing EFs between D/HH and typical hearing children by BRIEF, the
D/HH group scored significantly poorer in most BRIEF scales (which are indicated by
higher scores)—inhibit, shift, emotional control, initiate, and working memory—in BRIEF-
BRI and BRIEF total score (GEC). No significant differences were found in the BRIEF-MI
score between the groups (Table 2).

Table 2. The differences between groups in BRIEF scores.

D/HH Children
(n = 38)

Typical Hearing Controls
(n = 38)

Z

Md (IQR) Md (IQR)

Inhibition 47 (8) 42 (7) 3.79 **
Shift 43 (11.75) 49 (5.25) 2.11 *

Emotional control 45 (7.25) 40 (5.25) 3.19 **
Initiate 43 (11.75) 40 (8) 2.41 *

Working memory 44 (8.75) 40 (6.25) 1.93 *
Plan/Organize 38 (11.25) 38 (3) 0.68

Organization of materials 39 (8.25) 37 (9) 0.17
Monitor 35 (6.5) 35 (5.5) 0.88

BRI 44 (11) 40 (5.25) 3.66 **
MI 38 (10.25) 37 (5.5) 0.81

GEC 45 (12) 43 (5.5) 2.19 *
* p ≤ 0.05, ** p ≤ 0.01. Md = Median; IQR = Inter quartile range. BRI = Behavioral Regulation Index; MI = Metacog-
nition Index; GEC = Global Executive Composite.

When comparing EFs between groups, while performing the virtual shopping task
(VAP-S), D/HH children scored significantly poorer in all outcome measures, except for
‘number of items purchased’, ‘number of correct actions’ and ‘time to pay’ (Table 3).
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Table 3. The differences between groups in VAP-S scores.

D/HH Children
(n = 38)

Typical Hearing
Controls (n = 38)

Z

Md (IQR) Md (IQR)

Total distance (meters) 190.91 (82.22) 147.78 (32.33) 3.83 **
Total time (seconds) 581.81 (203.17) 420.61 (122.96) 4.57 **

Number of items purchased 7 (0) 7 (0) 0.00
Number of correct actions 13.00 (0) 13.00 (0) 1.00

Number of incorrect actions 6.50 (9.5) 4.00 (4.25) 2.72 **
Number of pauses 14.00 (8.25) 10.50 (4.5) 2.68 **

Duration of pauses (seconds) 196.31 (132.8) 135.22 (80.88) 3.41 **
Time to pay 6.14 (5.91) 5.34 (5.09) 0.88

task completion 20 (0) 20 (0) 1.00
Efficiency 792.09 (269.51) 564.02 (134.12) 4.74 **

** p ≤ 0.01. Md = Median; IQR = Interquartile range.

When comparing the trajectories of both groups in terms of time, distance, planning,
etc., D/HH children showed less efficient performance: difficulties in planning and organi-
zation, for example, led to a longer trajectory, with more collisions and stops, and a higher
number of incorrect actions (see examples in Figure 2).

 
(a)  (b) 

Figure 2. Trajectory (successive white dots) of participants during VAP-S performance. The departure
of the path is indicated with the letter D. The orange squares represent the products, blue dots
represent the collisions, and purple dots represent the stops. (a) Trajectory of a typical hearing child;
(b) trajectory of a D/HH child. The green squares represent checkout counters with a cashier present.
The red squares represent checkout counters without a cashier.

When comparing QoL between groups as assessed by PedsQL, the D/HH group had
significantly lower emotional, psychosocial, and school-related QoL, as reflected in the
total PedsQL scores as well. No significant differences were found between the groups in
physical and social QoL (Table 4).

Table 4. The differences between groups in PedsQL scores.

D/HH Children (n = 38)
Typical Hearing Controls

(n = 38)
Z

MD (IQR) MD (IQR)

Physical QoL 100 (12.5) 100 (12.5) 0.06
Emotional QoL 90 (25) 100 (15) 1.96 *

Social QoL 100 (14.06) 100 (1.56) 1.34
School QoL 80 (21.25) 100 (10) 4.02 **

Psychosocial QoL 90 (19.37) 96.67 (8.75) 3.41 **
Total QoL 92.5 (16.09) 96.56 (7.62) 3.43 **

* p ≤ 0.05, ** p ≤ 0.01. Md = Median; IQR = Inter quartile range.

167



Children 2024, 11, 1123

3.2. Hypothesis 2: Examining the Correlations between BRIEF and VAP-S Scores, among
D/HH Children

Among D/HH children, poorer EF, as measured by BRIEF, was correlated with lower
performance in VAP-S. More significant correlations were found between VAP-S scores and
BRIEF—emotional control, initiate, working memory, BRI and total score (GEC) (Table 5).

Table 5. The significant correlations between BRIEF and VAP-S scores among D/HH children.

VAP-S

Total Time Total Distance Efficiency

BRIEF

Inh NS 0.31 ** 0.20 *
Sh NS 0.40 ** 0.25 *

EmC 0.38 ** 0.48 ** 0.43 *
Init 0.21 * 0.40 ** 0.28 **
WM 0.25 * 0.36 ** 0.30 *
P/O NS 0.20 * NS
OoM NS 0.19 * NS
Mo NS NS NS
BRI 0.28 ** 0.46 ** 0.35 **
MI NS 0.32 ** 0.20 *

GEC 0.20 * 0.40 ** 0.26 *
NS: not significant; * p ≤ 0.05, ** p ≤ 0.01. Only significant correlations are presented in the table. Variables that
did not significantly correlate were removed from the table. Inh = Inhibition; Sh = Shift, EmC = Emotional control;
Init = Initiate; WM = Working memory; P/O = Plan/Organize; OoM = Organization of materials; Mo = Monitor;
BRI = Behavioral Regulation Index; MI = Metacognition Index; GEC = Global Executive Composite.

3.3. Hypothesis 3: Examining the Correlations between EF and QoL, among D/HH Children

Among D/HH children, lower EF, as measured by BRIEF and VAP-S, was correlated
with lower QoL. More significant correlations were found with the emotional and school-
related QoL (Table 6).

Table 6. The significant correlations between BRIEF, VAP-S and PedsQL scores among D/HH children.

PedsQL

Physical
QoL

Emotional QoL Social QoL School QoL Psychosocial QoL Total QoL

VAP-S

Total
distance −0.30 * −0.37 * NS −0.40 ** −0.30 * −0.31 *

Total time NS −0.39 ** NS −0.30 * −0.31 * −0.29 *
Efficiency NS −0.44 ** NS −0.34 * −0.35 * −0.34 *

BRIEF

Inh NS NS −0.24 * −0.38 ** −0.31 ** −0.30 **
Sh −0.20 * −0.59 ** −0.57 ** −0.51 ** −0.63 ** −0.56 **

EmC −0.27 ** −0.52 ** −0.47 ** −0.47 ** −0.55 ** −0.52 **
Init −0.42 ** −0.44 ** −0.45 ** −0.63 ** −0.60 ** −0.60 **
WM −0.34 ** −0.52 ** −0.30 ** −0.63 ** −0.58 ** −0.58 **
P/O −0.48 ** −0.47 ** −0.43 ** −0.33 ** −0.39 ** −0.41 **
OoM NS NS NS −0.29 ** −0.21 * −0.21 *
Mo −0.42 ** −0.29 ** −0.33 ** −0.24 * −0.25 * −0.28 **
BRI −0.26 * −0.48 ** −0.49 ** −0.52 ** −0.56 ** −0.52 **
MI −0.44 ** −0.50 ** −0.41 ** −0.52 ** −0.51 ** −0.52 **

GEC −0.39 ** −0.51 ** −0.46 ** −0.58 ** −0.56 ** −0.55 **

NS: not significant; * p ≤ 0.05, ** p ≤ 0.01. Only significant correlations are presented in the table. Variables that
did not significantly correlate were removed from the table. Inh = Inhibition; Sh = Shift, EmC = Emotional control;
Init = Initiate; WM = Working memory; P/O = Plan/Organize; OoM = Organization of materials; Mo = Monitor;
BRI = Behavioral Regulation Index; MI = Metacognition Index; GEC= Global Executive Composite.
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3.4. Hypothesis 4: Predicting QoL of D/HH Children by Their EF

Table 7 presents the results of Stepwise Linear regression analyses of all QoL domains.
In general, VAP-S scores were not found to be significant predictors of QoL domains. When
referring to QoL domains, the prediction of physical QoL yielded two models: the first
included the BRIEF-MI score as a significant predictor, accounting for 44% of the variance
(F = 33.3, p ≤ 0.001), and the second included the BRIEF-BRI score as a significant predictor,
accounting for an additional 7% of the variance (F = 22.09, p ≤ 0.001). Emotional QoL was
predicted by the BRIEF-GEC score, which accounted for 54% of the variance (F = 51.11,
p ≤ 0.001). Social QoL was predicted by the BRIEF-BRI score, which accounted for 35%
of the variance (F = 23.22, p ≤ 0.001). School-related QoL was predicted by BRIEF-MI
score, accounting for 55% of the variance (F = 51.97, p ≤ 0.001). The prediction of psycho-
logical QoL yielded one model in which the BRIEF-GEC score was a significant predictor,
accounting for 65% of the variance (F = 80.81, p ≤ 0.001). The prediction of the total
QoL score yielded one model in which the BRIEF-MI score was a significant predictor,
accounting for 73% of the variance (F = 113.63, p ≤ 0.001).

Table 7. Predicting quality of life among D/HH children by BRIEF scores.

Model 1 Model 2

B SE B β B SE B β

Physical QoL
BRIEF−MI −0.82 0.14 −0.66 *** −1.26 0.22 −1.01 ***
BRIEF−BRI 0.73 0.28 0.45 *

R2 0.44 0.51
F for change in R2 33.3 *** 6.56 *

Emotional QoL
BRIEF−GEC −1.29 0.18 7.74 ***

R2 0.54
F for change in R2 51.11 ***

Social QoL
BRIEF−BRI −1.17 0.24 −0.59 ***

R2 0.35
F for change in R2 23.22 ***

School QoL
BRIEF−MI −1.01 0.14 −0.74 ***

R2 0.55
F for change in R2 51.97 ***

Psychosocial QoL
BRIEF−GEC −1.12 0.13 −0.81 ***

R2 0.65
F for change in R2 80.81 ***

Total QoL
BRIEF−MI −0.94 0.09 −0.85 ***

R2 0.73
F for change in R2 113.63 ***

* p ≤ 0.05, *** p ≤ 0.001. BRI = Behavioral Regulation Index; MI = Metacognition Index; GEC = Global Execu-
tive Composite.

4. Discussion

This is one of the first studies to examine the EF of D/HH children, as demonstrated
by their everyday life settings according to parents’ reports and children’s daily activity
performance in VR. This pilot study examined the differences in EF and QoL between
D/HH children and typical hearing controls and explored the relationship between EF and
children’s QoL among the study group. The main results were that D/HH children had
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significantly lower EF and QoL. Moreover, greater difficulties with EFs were related to a
reduced QoL.

Based on the study results, the first hypothesis was confirmed. The differences in EFs
between the groups were manifested in parents’ reports and in children’s actual activity
performance in the virtual supermarket. These results support previous literature on EF
difficulties in D/HH children [37,98,99]. Lin et al. [100] suggested that in D/HH children,
greater numbers of neural resources are allocated for processing the degraded auditory
incoming signals. This may create a cognitive load, limit available resources required for
other processes, including EFs, and cause errors, information loss, and slower cognitive
processing [101], all of which affect cognitive performance and daily function.

The present pilot study emphasizes the advantages of ecologically valid measures
that reflect children’s EFs in daily life. According to the BRIEF, D/HH children had lower
inhibition, shift, initiation, emotional control, and working memory scores, whereas on the
plan/organize and monitor scales, the differences between the groups were not significant.
Interestingly, Oberg and Lukomski [102], and Figueras et al. [30] obtained similar results. It
is possible that plan/organize and monitor scales are less affected by hearing deprivation
in D/HH children. Another possibility is that the timing of the development of various
executive skills may place certain skills at greater risk during early school age, whereas
others may not be affected until later ages. According to Garon et al. [103], executive skills
such as inhibition and working memory may develop earlier than organizational skills,
thus making the former more vulnerable than the latter during early school age [104].
Further studies on D/HH children are required to examine this point.

Gathering information from parents, as in BRIEF, is in line with the “family-centered”
approach. This approach stresses the importance of including parents’ perspectives on
their child’s challenges in daily life, in order to increase their awareness of the obstacles the
child faces in daily life, improve parents’ and children’s involvement in therapy, and assist
them in applying coping strategies and environmental adaptations to improve children’s
daily function, development, and QoL [105]. However, parents’ reports are subjective and
rely on their observations. Therefore, it is recommended that a child’s performance-based
assessment be combined with the evaluation process [106].

The current study found significant differences in VAP-S scores between the groups.
This result is supported by earlier studies that used VAP-S to evaluate EF; however, these
previous studies were conducted on adult populations [16,54,69,71]. To the best of our
knowledge, this is the first study to apply VAP-S in D/HH children. The results showed
significant differences in the following VAP-S outcome measures: total distance, total time,
number of incorrect actions, number of pauses, duration of pauses, and efficiency (sum of
total time, total distance, and number of incorrect actions). These outcomes were found to
discriminate between other clinical populations and normal controls with regard to EF as
measured by the VAP-S, such as people with Parkinson’s disease, stroke, mild cognitive
impairment, schizophrenia [16,54,69,71]. Nonetheless, the present pilot study is one of
the first to demonstrate the feasibility of VAP-S in measuring EF in D/HH children. The
differences in EF between D/HH children and typical hearing controls support VAP-S
discriminant validity.

When referring to QoL, as hypothesized, D/HH children had significantly lower
QoL than children with typical hearing. Differences were found in emotional QoL (which
probably contributed to the difference in psychosocial QoL domains) and school-related
QoL. These findings were similar to those reported by Rachakonda et al. [107] and Roland
et al. [108]. However, this finding contrasts with that of Alnuhayer et al. [109], who found
no significant difference in all PedsQL subscales between D/HH and typical hearing
children aged 2–7 years old. In addition, no significant differences in physical QoL were
found between the groups. It may be suggested that physical differences between D/HH
children and their typical hearing peers at school age are smaller than the differences found
in emotional and school-related QoL. The items included in both factors, such as worrying
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about the future, problems with paying attention in class, and missing school to go to a
doctor or hospital, may be more significant in these ages.

The difference in social QoL between groups was close to being significant (p = 0.06).
Further studies should verify whether this difference is significant by examining a larger
sample of children. When referring to the significant differences between both groups in
emotional and school-related QoL—psychosocial QoL—indeed, peer relationships and
school functioning are increasingly becoming a focus of research investigating D/HH chil-
dren. The present study supports previous reports highlighting the vulnerability of D/HH
children to school and psychosocial functioning [107,108,110]. Parents of D/HH children
frequently report their concern and wish that their children, albeit hearing loss, would be
included in society, in school settings, and have good academic achievements [111,112],
especially when the children study in a regular school system, as in the present study.
Studies mention various reasons for the emotional load and its implications on emotional
QoL of D/HH children: parents’ and teachers’ expectations, difficulties with expressive
and receptive language development [113], difficulty in converting emotions into abstract
concepts and verbal expression, distinguishing between the variety and intensity of emo-
tions [114], as well as the growing social and academic demands and other functional
restrictions, may explain the negative emotions such as anger and fear that children with
cochlear implants experience [114,115].

Moreover, this pilot study found correlations between the emotional status of children
in the study group (as demonstrated by the PedsQL) and their executive functions as
measured by BRIEF and VAPS-2. EFs are a worthwhile domain to consider in relation to
emotional states as they are also involved in a variety of psychopathologies [116]. From the
perspective of developmental cognitive neuroscience, emotion and cognition are closely
related and work together to process information and perform actions [117]. Bidirectional
influences are likely to occur; cognitive processes play a part in regulating emotions, and
emotions can assist people in organizing their thinking, learning, and behavior [118]. As
mentioned in the literature, psychological distress may negatively affect executive functions
among children in diverse populations like post-traumatic stress disorder (PTSD) [119],
depression [120] and anxiety [121]. For instance, a recent systematic review and meta-
analysis conducted by Nyvold et al. [119] indicated that children with PTSD have poorer
executive functioning overall compared to normal controls. In addition, their findings
showed that trauma and PTSD have a negative impact on multiple subdomains of ex-
ecutive function rather than just one or a few subdomains of EF. A similar result was
reported in a depressed population, showing that children with higher levels of depressive
symptoms had significantly impaired EF performance compared to normal controls [120].
Although not all children with depressive symptoms have an EF impairment, children who
present with this comorbidity are at risk for additional cognitive impairments as well as
significant psychiatric outcomes, such as longer hospitalizations [122]. Anxiety disorders
have also been found to be associated with deficits in EF, as evidenced by studies that
found that children with anxiety disorders performed lower than normal controls on some
EF tasks [121,123]. Therefore, understanding how EFs are involved in the development
of psychopathology may serve therapeutically useful purposes in both prevention and
intervention [116].

Accordingly, the relationship between executive functions and emotional status should
be further examined in D/HH children to better focus interventions on their specific needs.
Researchers and clinicians should note the vicious cycle in which hearing loss leads to
functional restrictions that may reduce children’s self-efficacy and enhance their emotional
load [124,125]. Intervention programs should refer to the emotional profiles of D/HH
children, provide help if needed, support children and parents, and enable them to cope
better with threats and daily challenges.

When referring to the correlations between VAP-S and BRIEF scores. It is important to
note that outcomes from several studies on the use of VR in the rehabilitation of executive
functions, particularly VR for shopping, have been encouraging. The current study found
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significant correlations between the three outcome measures of VAP-S (total time, total
distance, and efficiency) and varied BRIEF scores, indicating that these outcome measures
appear to be components of EF. This is in line with the literature, which claims that com-
plicated IADL requires the use of executive functions [126]. The significant correlations
between the efficiency score of the VAP-S and the BRIEF-MI, BRI, and GEC scores suggest
that the VAP-S measure necessitates planning, rule abiding, use of strategy, and organi-
zation in time and space, which are main EF components. These findings are consistent
with earlier studies that found significant correlations between the VAP-S and the BADS
for evaluating EF in people with schizophrenia and people with stroke [54,71].

In summary, the findings of this hypothesis support the use of the VAP-S as an
ecologically valid measure of EF in D/HH children, although more studies are needed.
Nonetheless, to deeply understand the obstacles and challenges that D/HH children face in
their daily lives, it is essential to examine how health condition deficits, such as hearing loss
and executive dysfunction, affect their ability to perform daily activities and participate
in daily environments. Hence, in line with the ICF model [9], the present pilot study
examined the relationship between EF and QoL in D/HH children. The results support
the third and fourth hypotheses: greater deficits in EF are correlated with lower QoL, as
measured in various domains. Knowledge of the relationship between EF and children’s
QoL is limited. The existing literature in this regard is mainly focused on children with
neurological conditions such as autism [127], epilepsy [128], and cerebral palsy [129], while
studies on D/HH children are still lacking. The present study is one of the first to show
the significant relationships between EF and physical, social, psychological, and school-
related QoL in D/HH children by using ecological measures—parents’ report (BRIEF)
and children’s actual daily activity performance (VAP-S). These results support reports
on other clinical pediatric populations, such as children with epilepsy [128], sickle cell
disease [130], and attention deficit hyperactivity disorder (ADHD) [131]. The findings
highlight how difficulties in various EFs, such as working memory, the ability to regulate
emotions, execute goal-directed behavior, and make decisions, may lead to poor coping
and negatively affect almost all daily aspects, including academic achievements and social
relationships [132,133], leading to cognitive and emotional load and reduced QoL. Given
that EF has far-reaching effects on children’s cognitive, psychological, and social func-
tions [134,135], EF evaluation should apply measures that reflect these various implications
and their expressions in real life.

Interestingly, while correlations existed between the PedsQL domains and all BRIEF
scales, only three VAP-S measures (total distance, total time, and efficiency) showed signifi-
cant correlations with PedsQL domains. As mentioned above, the scores for total distance,
total time, and efficiency are the main VAP-S scores derived from various EF components
and are affected by low EF abilities. Hence, for example, a low efficiency score may reflect
a lower ability to plan, organize, and monitor performance, a higher number of errors,
longer time to complete the task, and longer trajectory. The fact that VAP-S successfully
differentiated between the EF of D/HH children and typical hearing controls, similar to
BRIEF, reflects the parallel validity of these measures.

However, BRIEF scores (MI, BRI, and GEC) were the strongest predictors of low QoL
in all the measured domains, whereas VAP-S scores did not significantly predict children’s
QoL. Therefore, further studies should examine the implications of EF deficits on the daily
life of D/HH children, to elucidate functional aspects and reveal feasible measures that
reflect them. This approach may assist in optimizing intervention programs for D/HH
children and improve not only functions related to comorbidities such as EF but also enable
children to better cope with real life in their natural environment. Thus, we may expect
optimal development, child inclusion, and well-being.

The results of the present pilot study have important theoretical and practical implica-
tions. From a theoretical perspective, the results implement and broaden the ICF model in
D/HH children by indicating that an association between body functions (i.e., EFs), activity
performance, and QoL exists among these populations. The present study contributes to a
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deeper understanding of both the concepts of EF and QoL, which in turn contributes to the
theoretical foundation of the ecological approach and the establishment of a biopsychoso-
cial model of health. Furthermore, the findings highlight the EF challenges that D/HH
children face in their daily life and explore the relationships between EF and QoL, which
are still less studied among D/HH children, especially those from regular education.

These findings have practical and clinical implications beyond their theoretical con-
tributions to the existing literature. From a clinical perspective, a deeper and more com-
prehensive understanding of EF difficulties in D/HH children and their consequences in
daily life settings, together with the ability to understand the association between certain
EF abilities and specific domains of QoL, may help clinicians implement direct, precise,
and effective intervention processes. This helps parents to deal more effectively with
the performance difficulties and challenges faced by their D/HH children in daily life.
Increased awareness by parents and clinicians, as well as specific knowledge regarding
the EF and QoL challenges faced by D/HH children in various settings, may contribute to
evaluation and intervention processes that aim to promote their participation and quality
of life.

Finally, the research supports receiving knowledge sources that come from both
ecological tools based on the child’s performance in the context of real life, and from
information from standard tools obtained from the parent’s point of view, which provides
a different perspective on the child’s functioning in everyday life. This is undoubtedly
an important issue and of great significance in the development of future evaluation and
intervention programs.

5. Research Limitations

The current pilot study has several limitations. First, as a pilot study, it has a relatively
small sample size, limiting the generalization of the results and conclusions. However,
based on the findings of the present study, further studies on larger sample sizes should
be performed to strengthen the current results and enable their generalization. Second,
the study group included children that study in regular education schools, most of them
had mild-moderate hearing loss, and thus may have better participation and inclusion, or
better EF as compared to children with severe hearing impairment who study in special
education. Hence, this may restrict the generalizability of the study results.

Additionally, in this study, most participants had bilateral hearing loss, but some had
unilateral hearing loss; therefore, this study may not adequately represent the experiences of
the broader population of D/HH children. It may be assumed that in each group, children
may face unique challenges such as sound localization [136], social integration [137] and
communication strategies [138]. Future studies should explore the specific experiences
and needs of children with unilateral versus bilateral hearing loss to better understand the
impact of hearing loss on their development and well-being.

Moreover, the present study relied solely on parent ratings of QoL. Additional studies
with larger samples of children with diverse severities of hearing loss are recommended.
These studies should apply ecological measures to elucidate deficits in EF, their relationship
to hearing impairment severity, and QoL. The diversity of D/HH children will enable a
better understanding of how their challenges affect their inclusion and development. These
studies should use parents’ and children’s reports and examine whether any differences
exist between them. Interventions should also use frameworks such as the ICF to bridge
between hearing impairment, EF, and children’s function in real life. Another limitation is
that the current study did not address the vestibular function of the study group and did
not examine the effect of vestibular deficits on executive functions on EF. This emphasizes
the necessity for further research into understanding the complex interaction between
vestibular function and cognitive processes.
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6. Conclusions

The current pilot study may provide a valuable contribution to the literature by
outlining D/HH children’s profiles in terms of EF and QoL, as well as emphasizing and
elucidating the association between EF and QoL in D/HH children. In this pilot study,
several differences were found in the EF and QoL between D/HH and typical hearing
controls, highlighting the relevance of screening EF in children with D/HH. The results
revealed that EF deficits in D/HH children may be present in their daily lives and affect their
activity performance and QoL. In addition, the importance of assessing EF using various
tools has been highlighted in the present study. Ecological measures that reflect daily
scenarios may help in assessing EF in D/HH children and in creating optimal interventions
and training programs for parents and educators, to provide them with practical resources
to use when working with D/HH children. These resources could encourage children
to participate in more EF-promoting activities at home, in the community, and in school.
In line with the ICF model, the children’s participation in EF activities may improve and
enhance children’s daily function, QoL, and optimal development. Finally, investigating
the relationship between EF and QoL may contribute significantly to the existing theoretical
knowledge of these connections.

Notably, this pilot study is one of the first to examine executive functions through
an ecological assessment, integrating both parent reports and the child’s performance
in a virtual task. Notably, it is the first time that the VAP-S has been utilized with a
population of children with hearing impairments. The research introduces professionals to
the relevance of using a virtual platform in the assessment and treatment of children with
hearing impairments, emphasizing the tool’s strengths and its sensitivity in identifying
executive function difficulties within this population in a child-friendly manner.
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