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Abstract

Children with neurodevelopmental disorders (NDDs) frequently exhibit atypical sensory processing
that affects cognition, emotion, behavior, and social participation. This chapter presents a
multidisciplinary framework for understanding sensory experiences in children with NDDs by
integrating neuroscience, psychology, education, and emerging digital technologies. Emphasis is placed
on personalized and scalable intervention models that combine traditional therapeutic approaches with
innovations such as wearable sensors, artificial intelligence, and immersive virtual environments. This
chapter aims to bridge theory and practice while addressing ethical, accessibility, and policy
considerations to support inclusive, evidence-based sensory interventions across diverse clinical and
educational settings.
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Introduction

Neurodevelopmental disorders (NDDs), including autism spectrum disorder, attention-
deficit/hyperactivity disorder, learning disabilities, and intellectual disabilities, represent a
significant global public health and educational concern . These conditions are
characterized by early-onset disruptions in cognitive, emotional, behavioral, and adaptive
functioning. Among their most pervasive features are atypical sensory processing
experiences, which can profoundly influence learning, emotional regulation, social
interaction, and daily participation 2,

Sensory processing difficulties may manifest as hypersensitivity, hyposensitivity, or sensory-
seeking behaviors across multiple sensory modalities. Such differences often contribute to
secondary challenges including anxiety, behavioral dysregulation, academic
underachievement, and reduced quality of life. Despite their high prevalence, sensory
experiences are frequently addressed in isolation or through discipline-specific approaches
that limit personalization and scalability [,

Recent advances in neuroscience and digital health technologies provide new opportunities
to understand and support sensory processing in children with NDDs . This chapter argues
for a comprehensive, multidisciplinary framework that integrates traditional practices with
emerging technological innovations to promote personalized, scalable, and equitable
sensory-based interventions.

The sensory experiences of daily existence are infused with the human experience > 8, "The
organisation of sensation for use" asserts that a child cannot successfully engage with the
outside environment until sensory information is integrated "l Our lives greatly depend on
our sensory experiences. It provides a foundation for proper work behaviour that culminates
in a variety of daily activities. Thus, in order to perform a variety of daily tasks, sensory
integration is crucial. Perceptual skill acquisition, language development, sensory
integration, and emotional expression can all be hampered by learning disorders. Sensory
processing problems impact everyday functioning as well as academic achievement in
school-age children €1,
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Studies related to sensory processing abilities in children
with developmental disabilities and typical children on the
sensory profile conducted by Ermer and Dunn state that
sensory profile factors in children without disabilities are
similar to patterns observed in children with various
disabilities [ 1%, It may be that some sensory processing
problems are related to intensity or duration of behavior as
they begin to interfere with functional performance of daily
life. Dunn states that two thirds of the items on the sensory
profile were uncommon for typical children and thus may
contribute useful information about children with disabilities
who respond to these sensory events (4],

Sensory processing is divided into 3 major subtypes by
Miller et al. (2009) 12

Sensory modulation disorder: In this group, individuals
experience sensation at varying levels of intensity and have
difficulty regulating responses. They may be more sensitive
to one or more sensations such as noise, touch, or
movement. Within this category, we often see children who
either seek out extra input or who avoid input many of us
would consider innocuous. it can be confusing to dissect
behaviors of these children.

Sensory based motor disorder: For these children,
disorganized processing causes less than optimal motor
output. We may see issues with balance, motor planning,
coordination, postural control and/or endurance. These are
the kids who appear clumsy, lethargic, or have difficulty
keeping up with their peers.

Sensory discrimination disorder: Those in this group have
a more difficult time perceiving details of sensory input. It
may take them longer than average to determine exactly
what they’re looking at, hearing or feeling. This could be the
child who appears awkward with many fine and gross motor
tasks or who often seems unaware of his surroundings.

Background and Theoretical Foundations

Sensory processing refers to the neurological mechanisms
by which sensory input is detected, modulated, integrated,
and translated into adaptive responses. In children with
NDDs, sensory processing differences have been linked to
atypical neural connectivity, altered sensory thresholds, and
developmental variability in cortical and subcortical
networks. Foundational theories such as sensory integration
theory and contemporary neurodevelopmental models
emphasize  the interaction ~ between biological
predispositions and environmental experiences. Research
increasingly highlights the heterogeneity of sensory profiles
within and across diagnostic categories, challenging
categorical approaches to assessment and intervention.

The quality of life and emotional state of parents of children
with neurodevelopmental disorders are recognised to be
lower than those of parents whose children are developing
normally and who require assistance to improve.
Additionally, these children show disrupted sensory
patterns, which may have short- or long-term effects on
behavioural, feeding, psychological, and nutritional
domains. The sensory experiences of daily existence are
infused with the human experience. Sensory processing
problems impact everyday functioning as well as academic
achievement in school-age children [ 1. Children with
Autism Spectrum Disorder, ADHD, Intellectual Disability,
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Specific Language Disability, Cerebral Palsy, down
syndrome was having sensory sensitivity problems. This
supports the study done among children diagnosed with
ASD, Cerebral Palsy, ID, ADHD & SLD 38 Children
with ASD had patterns of both hyper- and hyposensitivity
(19211 Highest percentages were found for touch (84.9%)
among children with ASD followed by the scores for body
position (73.1%), movement (68.9%), auditory (67.2%), and
oral (57.1%) sensory processing. The lowest percentage was
found for the visual processing (32.8%), which fell within
the normal range [*1,

Vestibular hyposensitivity, olfactory sensory sensitivity in
terms of total sensitivity, hypersensitivity & hyposensitivity,
tactile & proprioception sensory sensitivity were observed
higher among children with Specific Language Disability %>
21, Auditory sensory sensitivity problems account for most
distressful problems in neurodevelopmental disorders i.e.
ADHD, ASD and ID 4, Sensory oversensitivity may be a
common feature of both ASD (31.0%) and ADHD (15.5%)
and 9.3% in other groups (Learning Disabilities,
Gifted, Developmental Delay) i.e. Registration, Sensitivity,
Avoiding 4. Children for auditory and tactile over
responsiveness or both persisted more in the
neurodevelopmental population. 1. Similar  studies
indicates that sensory profile scores were found in the order
of hierarchy that highest was in the auditory, vestibular &
tactile followed by the proprioception.?®

There is a significant association between total sensory
sensitivity and selected factors i.e. type of family, socio-
economic status, maternal occupation, nutritional status &
diagnosis of child.*® Another literature on sensory problems
conducted among children with disabilities also identifies
association between sensory sensitivity and same selected
demographical variables [27-31,

Understanding sensory processing within a broader
neurocognitive and emotional context is essential. Sensory
differences interact with attention, executive functioning,
emotional regulation, and social cognition, reinforcing the
need for integrative models that transcend disciplinary
boundaries.

Neurocognitive, Emotional, and Behavioral Dimensions
Atypical sensory experiences significantly influence
neurocognitive processes such as attention regulation,
working memory, and information processing. Sensory
overload or under-responsiveness may interfere with task
engagement, classroom participation, and adaptive learning
2. Emotionally, sensory challenges are closely associated
with anxiety, irritability, and difficulties in self-regulation.
Behaviorally, children may display impulsivity, avoidance,
aggression, or withdrawal as adaptive or maladaptive
responses to sensory environments 2, These patterns also
affect peer relationships and family dynamics, underscoring
the importance of context-sensitive intervention strategies.
This section situates sensory processing within a holistic
developmental framework, emphasizing the
interdependence of sensory, cognitive, emotional, and social
domains.

Traditional Approaches to Sensory Intervention

Conventional interventions for sensory processing
challenges typically include occupational therapy-based
sensory integration, behavioral strategies, environmental
modifications, and educational accommodations. These
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approaches aim to enhance sensory modulation, adaptive
responses, and functional participation 51,

While evidence supports the effectiveness of certain
sensory-based practices, limitations include variability in
implementation, reliance on subjective assessments, and
challenges in scaling interventions across settings. These
constraints highlight the need for complementary strategies
that leverage objective data, personalization, and
technological support.

Emerging Technologies in Sensory Assessment and
Intervention

Technological innovations are reshaping the assessment and
intervention landscape for sensory processing in NDDs.
Neuroimaging and electrophysiological techniques provide
insights into the neural correlates of sensory processing.
Wearable sensors and mobile health platforms enable real-
time monitoring of physiological and emotional states in
naturalistic contexts 41,

Artificial intelligence and machine learning facilitate data-
driven personalization by identifying patterns and predicting
intervention responsiveness. Virtual and augmented reality
environments offer immersive, controlled settings for
sensory exposure, social skills training, and adaptive
learning. Gamified digital therapeutics enhance engagement
and allow scalable intervention delivery 3%,

This chapter synthesizes these technological advancements
and examines their potential to complement traditional
sensory-based practices.

Proposed Multidisciplinary Framework

The chapter introduces a multidisciplinary framework for
personalized and scalable sensory interventions consisting
of four core components:

1. Integrated Assessment: Combining standardized tools,
clinical observation, neurophysiological measures, and
digital monitoring to develop individualized sensory
profiles.

Personalized Intervention Planning: Using data-
driven insights to tailor interventions based on sensory
needs, cognitive strengths, emotional regulation
capacities, and environmental demands.
Technology-Enhanced Delivery: Leveraging wearable
devices, virtual environments, and mobile platforms to
support adaptive, real-time intervention.

Ongoing Evaluation and Feedback: Employing
continuous monitoring and stakeholder input to refine
strategies and sustain outcomes.

This framework emphasizes collaboration among clinicians,
educators, families, and technology developers 3431,

Ethical, Accessibility, and Policy Implications

The integration of technology into sensory interventions
raises ethical considerations related to data privacy,
informed consent, and equitable access. Without inclusive
design and policy support, digital innovations risk
exacerbating existing disparities 361,

This section discusses ethical guidelines, accessibility
considerations, and policy implications for implementing
technology-enabled sensory interventions in healthcare and
educational systems, particularly in low-resource and
diverse settings.
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Conclusion and Future Research Directions
Understanding sensory experiences in children with NDDs
is critical for improving developmental outcomes and
quality of life. By integrating multidisciplinary knowledge
with technological innovation, this chapter offers a
comprehensive framework for personalized and scalable
interventions. Future research should focus on longitudinal
validation, cross-cultural applicability, and participatory
design approaches that actively involve children and
families.
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