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ABSTRACT:

This study explored the potential of basic and organized sensory tasks to enhance tactile and vestibular
control in Veda, a four-year-old child with mild oppositional defiant disorder (ODD) and learning
disability. Children with such issues tend to have difficulties processing sensory information, body
stability, and fine motor skills. These issues may influence learning, behavior, and emotional control. The
current study addressed these issues through systematic sensory-motor pre-, post-, and intervention tests.
These included Velcro pick-up-drop tasks, walking barefoot on various textured mats, walking and
balancing on wooden beams, and board tasks to improve Veda’s tactile tolerance, motor control, and
postural control.

Veda was repeatedly tested for her sense of touch and balance through frequent sensory activities. Every
time she walked on differently textured mats or stood on a beam, her brain had to simultaneously determine
the movement in her body and what she was feeling. This eventually helped her brain become more adept
at integrating these sensations, a process referred to as sensorimotor integration. This theory posits that
the brain continuously receives and organizes sensory information to facilitate action. The most important
systems in this process are the vestibular system, which allows us to sense movement and maintain
balance, and the proprioceptive system that processes information about muscles and joints. Any failure
in either of these systems can result in children presenting atypical responses concerning hypersensitivity,
fear of movement, or even repetitive behaviors such as hand flapping.

A study conducted by A. Jean Ayres reveals that the brain uses the vestibular system to determine whether
to respond to a stimulus. (Guardado & Sergent, 2023) These activities enhanced the activity of the
sensorimotor strip of the brain, which performs touch and movement by improving its integration with the
orbitofrontal cortex, which processes emotions and decision-making. As these two areas began to
communicate more easily, Veda became less avoidant and less receptive, and combined sensory-related
interventions have the potential to enhance the manner in which the brain processes and organizes sensory
information. The findings can lead to the creation of more effective interventions to help children who are
easily overstimulated by sensory stimuli and have developmental problems.
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INTRODUCTION:

Sensory and motor impairments are common in children with minor behavioral and learning problems,
including oppositional defiant disorder and learning disabilities. They can be hypersensitive to touch,
avoid balancing activities, or show frustration when they encounter unexpected sensations. These are not
just behavioral responses but are directly related to the neuropsychological functioning of the way the
brain processes sensory input and/or coordinates motor behavior. For the sake of developing effective
therapeutic interventions in the future, understanding this relationship neuropsychologically holds the
highest priority.

The orbitofrontal cortex and sensory-motor strip are the main areas involved. One of the subdivisions of
the frontal cortex is the orbitofrontal cortex, which modulates the affective states and reward-based
decision-making. For example, when a child is exposed to an unfamiliar touch, such as bubble wrap, the
orbitofrontal cortex differentiates between approach and avoidance responses and thus orchestrates the
corresponding affective responses, such as fear or engagement. The structural or functional differences
observed in this area are common in children with ODD and explain their increased reactivity to
challenging tasks.

Moreover, the sensorimotor cortex has two main areas:

1. Sensory cortex:

The sensory cortex is the area where data obtained by the five senses, namely, tactile, olfactory, gustatory,
visual, and auditory senses are collated and evaluated. Furthermore, the neural signals were grouped or
segregated into conscious perceptions. Every sensory modality is then anatomically divided into primary
and secondary cortical areas; the primary areas receive the first afferent input, whereas the secondary
levels carry out higher-level processing of such inputs, integrating them into multimodal associative
networks. (ScienceDirect, n.d.)

2. Motor cortex:

The motor cortex is the part of the human brain that regulates voluntary movement by transmitting
corticospinal impulses to the skeletal muscles. Its other major roles include the initiation of movement,
coordination of complex actions, and regulation of balance and posture. (ScienceDirect, n.d.)

In our study, we relied on new sensory interventions to achieve reliable activation of these brain regions.
A pre-test was conducted, whereby the participants underwent an organized sensorimotor activity,
followed by a post-test, where the change in performance and behavior was measured. Through the
constant repetition of such activities, new neural memories can be formed, which can yield better results.
Neural memory refers to the mechanism through which the brain memorializes and holds experiences by
developing and strengthening neuronal networks. This encompasses neural plasticity, which helps in the
flexibility of the brain and learning of new patterns of response. There is repetitive stimulation reinforcing
a stable association between sensory cortices, which are the main receivers of external input, and frontal
cortical areas, which are involved in emotional and behavioral regulation in children with Oppositional
Defiant Disorder (ODD) or learning disabilities. (Queensland Brain Institute, n.d.)

In the investigation under consideration, all sensory activities act as training in a protocol that strengthens
neural memory records, thus increasing postural stability, fine motor performance, and less disturbed
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affective reactions. Therefore, chronic sensory-motor involvement not only alleviates behavioral
performance but also redesigns neurocognitive mechanisms that control the perception of the environment
and reaction to it.

It also has several clinically relevant outcomes, such as:

1. Emotional regulation improves in settings that present new sensory challenges.

2. Improved motor coordination for tasks, including balance, writing, and walking.

3. Enhanced attention and willingness to learn in the classroom.

In addition, the findings of this study can assist healthcare professionals, teachers, and parents in
developing play-based sensory interventions that are not only in accordance with current neuroscience but
also stimulate the interests of a child.

PURPOSE OF THE STUDY:

The problem that this study aims to answer is the possibility of connecting pleasurable childhood
experiences with the neuropsychological mechanisms that influence emotional, behavioral, and cognitive
development.

In particular, it dwells upon the case of Veda, a four-year-old child with mild Oppositional Defiant
Disorder (ODD), learning impairment, and speech and language development delays. The exercises
involved walking on textured mats with bare feet, balancing on a beam, and pick-and-drop exercises. They
assist the child in developing sensory tolerance, motor coordination, emotional control, and motivation to
learn. They do not just stimulate the brain by routine exercise, but also enhance communication between
the essential brain areas, mainly the sensorimotor and orbitofrontal cortex.

This study neuropsychologically tested the effects of repeated sensorimotor stimuli on neural integration
and plasticity. Neural memory is based on the plasticity of synaptic connections between neurons, with
repeated experiences reinforcing the connections between neurons. The neurons that are concerned with
the repetition of a particular activity will become more likely to fire together, and they will strengthen
their connection because of long-term potentiation. (National Library of Medicine, n.d.).

Over time, consistent sensory experiences promote myelination, which accelerates signal transmission,
leading to improved emotional control, focus, and motor coordination. Such mechanisms aid the brain in
developing stronger and more efficient linkages in the areas concerned with processing emotion,
movement, and sensation. Communication between these parts of the brain may not be fully functional in
children, such as Veda, who are emotionally reactive, avoidant, and face learning challenges. Individuals
indulging in playful and goal-oriented sensory activities provide their brains with repeated feedback. This
assists in aligning the perceptions and actions. This may have resulted in her being less emotionally
defensive, more focused, and more confident with her movements. These reforms are important for
improving students’ learning and communication abilities.

In addition, this study is not only aimed at the personal development of Veda. This study aimed to prove
the feasibility of early childhood intervention using sensory play as a neuropsychologically grounded
therapeutic model. It also shows how routine sensory activities contribute to the formation of new brain
routes and enhance developmental outcomes by noting behavioral changes, the development of
coordination, and affective responses before and after the intervention. In doing so, it identifies the
important interdependence between neuroscience and early childhood education. When therapies
correspond to the processes of natural learning, including movement, sensation, and play, they can result
in major changes in behavior and thinking processes. Finally, it assists us in realizing how sensorimotor

IJFMR250661157 Volume 7, Issue 6, November-December 2025 3



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

processes can contribute to the development of physical and emotional well-being, communication, and
self-regulation in young children with developmental difficulties.

RELEVANCE OF THE STUDY:

This study is meaningful because it adds to our knowledge of the effects of sensory-related interventions
on improving the neuropsychological development of young children with learning and behavioral
difficulties. It included simple but highly designed sensory tasks, including the pick-and-drop task, balance
beam, and walking barefoot on different textures of surfaces. The generalizability of this experiment is
not limited to a specific case because it introduces a sound framework that unites early childhood therapy
and neuroscience in a wide-ranging and adaptable play-based approach. These findings are important for
professionals dealing with children with similar problems, such as therapists, educators, and clinicians.
Another important aspect of this research is that it helps to develop a new area of neurodevelopmental
rehabilitation: the process of stimulating the connection between the neurons of the brain through
experience and repetition. Connecting the roles of tactile and vestibular activities in the functions of the
sensory, motor, and orbitofrontal cortices provides evidence that particular sensory-motor exercises can
contribute to better regulation of emotions, postural control, and effectiveness of tasks.

Finally, this research is relevant because it connects scientific knowledge with real-world practices. It
invites specialists to consider sensory play as a method of neurodevelopment, relying on a specific
stimulation of the neural network through which emotional and behavioral reactions can be restructured.
This study provides an effective theoretical framework and intervention paradigm that can be easily
implemented, which is why it can become a valuable asset to any person attempting to facilitate the
comprehensive development of young children with learning, emotional, or sensory problems. The results
indicate that with planned early interventions, with the sense of how the brain takes the input of sensory
information, it can change considerably and permanently the development of a child, their communication,
and well-being.

RESEARCH QUESTION:

How can repetitive, play-based sensory experiences improve neural integration between the sensory,
motor, and emotional regulation systems in a four-year-old child with oppositional defiant disorder
and learning disability?

LITERATURE REVIEW:

1. Dunn’s Model of Sensory Processing: Dunn’s model of sensory processing offers a theoretical basis
for explaining the differences in how children perceive and react to sensory input. The model
postulates that every individual has a definite neurological threshold that dictates the amount of
stimulation required to produce a response, as well as behavioral strategies such as seeking, avoidance,
or registration of stimuli. Applying this framework in the present study, the sensory variability of Veda
was analyzed through structured activities, including balance exercises, textured walks, and pick-and-
drop activities aimed at modulating sensory thresholds. (Alexia E Metz, 2019)

2. Process Model of Emotional Regulation: The process Model of Emotion Regulation is a theory
developed by Gross, according to which people attempt to maintain affective states using several
techniques, such as attentional deployment, cognitive reappraisal, and response modulation. Through
sensory play, repeated exposure to such activities allows children to implement these strategies in a
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safe and structured environment. Veda, who first showed increased emotional reactivity and
avoidance, used these experiences to divert attention, recontextualize discomfort, and regulate
impulsive responses. (GROSS, 2002)

3. Hebbian Learning and predictive mirror neurons for action, sensations, and emotions: Recent
neuroscience studies have indicated that the brain enhances the association among neurons when
certain experiences are repeated. Keysers and Gassola argue that as children repeatedly associate what
they feel, see, and do, their brains make more connections between the sensory, motor, and emotional
regions. Their predictive mirror neuron theory explains that the brain does not simply mirror what
others do but also predicts and reacts better to sensory input. (Christian Keysers, 2014)

CASE STUDY:

Veda, a 4-year-old girl, was presented to the clinic by her parents because of concerns regarding
developmental delays, behavioral issues, and problems with sensory regulation impacting her everyday
functioning. Her parents claimed that she always demonstrated defiant behavior, frequent tantrums, and a
poor understanding and ability to follow easy instructions. These difficulties were also noted at home and
in early learning settings, where she experienced difficulties with attention, socialization, and group
activities.

Clinically, she was alert and cooperative but faced difficulty in sustaining attention for a long duration.
She was distracted by environmental stimuli and had to be redirected frequently during the course of the
tasks. It was observed that she had mild muscular weakness in her upper limbs and a lack of fine motor
coordination, especially regarding grip and precision. She regularly used compensatory postures to
maintain balance, such as a wide stance or occasional toe walking.

Sensory assessment, performed using the VORT Sensory Checklist, showed that she was hypersensitive
to touch and proprioception. She prefers not to touch different textures of objects. She also exhibited
repetitive hand movements, which were probably a form of self-regulation. These results demonstrate that
she experienced sensory modulation issues that influenced her attention and adaptive behavior.

A medical examination, consistent with DSM-5, revealed that Veda had characteristics of Specific
Learning Disability and Oppositional Defiant Disorder. These diagnoses present themselves in the form
of persistent attention problems, an inability to complete tasks, and an overall academic deficiency that is
particularly impaired in challenging cognitive tasks. Defiant reactions, resistance to instruction, and
difficulties in emotional control usually follow these symptoms.

After the intervention period, which used systematic sensorimotor and multisensory treatment, Veda
showed remarkable improvements in her involvement and performance. The play-based therapeutic
processes focused on tactile and vestibular processing, producing higher tolerance to sensory inputs, better
fine and gross motor coordination, and emotional regulation. The difficulty of the vestibular task gradually
increased at the end of the post-test phase, during which she could perform the tests with confidence and
less avoidance. Her attention and speed of completion of tasks improved, and her tantrums reduced.
Altogether, this case is an example of a child with neurodevelopmental and sensory integration
impairments who received significant value from intensely designed and play-based interventions. Her
development demonstrates the importance of early diagnosis and an individual treatment plan for
developing cognitive and emotional growth.
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METHODOLOGY:

The following research with Veda employed a straightforward three-phase structure, namely, pre-test,
intervention, and post-test, to investigate the role of structured sensory activities on the functions of tactile
and vestibular processing, emotional regulation, and motor coordination. Every stage aimed to gather both
quantitative and qualitative information, all in the framework of a play-based and child-centered approach
that would encourage elements of intrinsic motivation and emotional safety.

In the pre-test phase, Veda underwent an intensive baseline test using the VORT Sensory Checklist. This
test helped us determine her sensory modulation patterns in the tactile, vestibular, proprioceptive, visual,
and auditory systems. The findings provided a full account of her strengths and weaknesses.
Nonetheless, our research primarily focused on the tactile and vestibular areas. The obtained profile
formed the foundation for individualized intervention planning. Fine motor coordination, sensory
registration, and the ability to control attention were measured using additional observational and task-
based tests, including the Velcro pick-and-drop task and balance beam and board tasks. These activities
helped identify specific challenges in daily activities. She showed moderately high tactile defensiveness
and indecisiveness in balance activities, indicating a tendency for sensory overload and high emotional
reactivity to unknown physical challenges.

Veda participated in a program of sensorimotor sessions throughout the course of the intervention. These
sessions were organized over time. The program aimed to enhance sensory integration, self-control, and
coordination. We employed barefoot textured walks and graded activities involving the use of a vestibular,
such as balancing on a board, to assist in improving postural control and spatial awareness.

Intervention became more challenging and demanding as the program progressed. This test assessed the
balance, attention, and emotional adaptability of the Veda. She became more confident and controlled,
even with the increased demand. Regular support and encouragement of the systematic intervention led to
her addressing each task with no hesitation and reduced her fatigue. It also assisted in reducing her anxiety
during performance.

In the post-test phase, we repeated the same sensory and behavioral measures to analyze the progress.
Changes in sensory responsiveness, attention, and affective control after the intervention were noted again
using the VORT Sensory Checklist. There was an improvement in performance on the Velcro pick-and-
drop task and balance beam, with increased accuracy, sustained attention, and fluency in motor
sequencing. Veda developed better emotional management and self-awareness as her emotional responses
changed from avoidance and irritability to curiosity and persistence.

Ethical guidelines were followed throughout the study. Veda’s parents provided informed consent to
initiate the intervention and discuss its purpose, procedures, and anticipated benefits. Each session was
conducted in a secure and safe environment and was controlled with the help of trained professionals in
child development and neuropsychology. We also ensured that no respondent was physically or
emotionally uncomfortable. No records were disclosed, and no report on the subject was provided to reveal
her identity.

TASKS TYPE BRAIN REGIONS | KEY FUNCTIONS
INVOLVED

Velcro pick up drop | Tactile Primary somatosensory | Processes
cortex tactile information like
Primary motor cortex touch and pain.
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Parietal lobe Planning and execution
Spatial orientation
Textured mat walking | Tactile Somatosensory cortex Emotional processing
Supplementary motor area | Movement planning
Posterior parietal cortex Eye-hand coordination
Balance Beam Vestibular Basal ganglia Postural control
Vestibular cortex Maintaining balance
Brainstem (vestibulospinal | Maintaining head position
tract) and stability
Balance Board Vestibular Vestibular nuclei Sensory integration
Cerebellum (visual input and
(flocculonodular lobe) proprioception)
Parietal lobe Processes signals from the
inner ear’s vestibular
system  to  maintain

equilibrium
Spatial navigation

RESULTS:

1. Velcro pick up-drop task:
Pre-test Post-test
Number of | Percentage | Percentage | Number of | Percentage | Percentage
trials of Hits of Misses | trials of Hits of Misses
1 67 33 1 67 33
2 67 33 2 83 17
3 67 33 3 100 0
4 83 17 4 100 0
5 100 0 5 100 0
6 100 0 6 100 0

2. Textured mat walking task (intervention):

Number of trials

Percentage of Hits

Percentage of Misses

1

80

20

2

90

10

3. Balance beam task (pre-test):

Number of trials

Percentage of Hits

Percentage of Misses

1 40 60
2 90 10
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4. Balance board task (post-test):

Number of trials Percentage of Hits Percentage of Misses

1 50 50

2 80 20
INTERPRETATION:

1. VELCRO PICK-AND-DROP TASK

Sensory Motor Cordination (pre-test)

1 2 3 4 5

B 9% of Hits ™ % of Misses

120

100

80

6

o

4

o

N
o

o

Sensory Motor Cordination {fmst}
120

100
80
6
4
- 11 In
1 2 3 4 5

B9 of Hits ™% of Misses

o

o

o

o

The outcome of the pre- and post-test of the Velcro pick-and-drop activity is presented in the graphs below.
The pre-test graph indicates a lack of consistency after 6 trials. Hit rates were found to be between 65 to
100%, and miss rates were 15 to 35% range. These differences indicate that she had slower sensory
processing, her motor control was unstable, and she had less attention to tactile feedback. She also had
poor visual-spatial attention, thus failing in coordination and accuracy.

Conversely, the post-test graph illustrates a noticeable and consistent increase in accuracy as well as
precision. The proportion of the hits increases gradually to 100% in the third trial, whereas the misses
decrease rapidly to 0-20%. Such an improvement translates to enhanced tactile responses, motor planning,
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and increased hand-eye coordination in Veda. Although the post-test tasks were more demanding in terms
of accuracy and control, she performed them more uniformly, with reduced effort. This development
indicates that she organized sensory play intervention improved her sensory-motor integration, tactile
sensitivity, and her ability to focus and have executive control when performing tasks.

2. TEXTURED MAT WALK TASK

Tactilte Awareness
100

90
80
70
60
50
40
30
20
m T -

Round 1 Round 2

" Hits ™ Misses

There is a large improvement in the graph of tactile awareness between round 1 and round 2. Her hit rate
in round 1 was 80% and her miss rate was 20%. She exhibited fatigue, hesitation, and avoidance, flicking
her hands and losing attention in the middle of the task. This led to an increased short-sightedness and
made the task hard to follow, demonstrating difficulty in maintaining tactile focus.

During round 2, she was more efficient with 90% of hits and 10% of misses. She was less fatigued, less
avoidant, and more engaged and confident of the tactile sensations. This resulted in increased sensory
processing and awareness, as seen in improved consistency in performance. These improvements prove
that frequent practice and a formal intervention enabled her to become more open to the tactile stimuli and
incorporate sensory feedback into her behavioural patterns.

3. BALANCE BEAM AND BOARD TASK

Balance Beam (pre-test)
100

5888

50

30
20

" ]

Round 1 Round 2

B % of Hits M % of Misses
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Balance Board (post-test)

Round 1 Round 2

&0
50
40
30

.
]

10
.

B3 of Hits W% of Misses
The table shows the pre- and post-testing outcomes of the balance beam and board task. Hits in round 1
were 40%, and misses were 60%, which means that there was a challenge in associating body movements
with sensory information, and a lack of control and precision. During round 2, the hits went up to 90%,
and the misses dropped to 10%, which shows that with repetition, she was able to take a steady position
and was able to do the task better.
It is supported by post-test data showing that the sensory-motor intervention affected her performance.
During round 1, both the hit and miss rates were 50%, indicating that balance and control remained a
problem. When the task was complicated, round 2 produced an 80% hit rate and a 20% miss rate, which
is an indication of improved control, coordination, and concentration than the pre-test.
Furthermore, the results also imply that she could maintain her posture, balance on the board more
accurately without any fear. It shows that structured sensory intervention was successful in supporting her
overall motor development and adaptive responses.

LIMITATIONS:

Although the current research has some drawbacks, it also highlights the excellence and complexity of the
research design and its relevance to neurodevelopmental psychology.

Single-participant focus as a deep case exploration:

The study design focused on one participant, but this configuration allowed making a high-resolution
study of behavioural and neuropsychological changes over time. This intensive, personalized
methodology has been able to record finer nuances in tactile thresholds, motor control, and emotion
regulation that would otherwise be dampened down in population-size research. The accuracy makes the
results useful in the creation of individual intervention models of pediatric neuropsychology.

Limited multidimensional outcome measures:

This investigation centred largely on tactile and vestibular reactions. Inclusion of tasks measuring attention
span, emotional regulation, or executive functioning could provide a thorough account of the process of
multisensory integration.

Short-term, but quickly changing neurobehavioral:

The fact that the apparent progress was made in a short period of time despite the brief duration of
intervention highlights the vulnerability of the developing brain to the received sensory input. This

IJFMR250661157 Volume 7, Issue 6, November-December 2025 10



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

immediate reaction offers evidence at early stages of development in a child with developmental
difficulties, which makes the results important in a clinical and theoretical manner.

RECOMMENDATIONS:

1. Further research must enroll bigger cohorts that are likely to represent the rest of the population with
varying age, gender, ethnicity, socioeconomic status, and other relevant demographic variables, in a
bid to improve external validity. They will be required to carry out comparative analyses on children
with heterogeneous sensory profiles (hypersensitivity, hyposensitivity, or mixed modulation patterns)
to determine the existence of a difference in the efficacy of intervention across sensory subtypes.
Causal inference would be further enhanced by randomized controlled trials that, in the future, could
decouple the particular contribution of sensory-motor interventions.

2. The sessions should also incorporate predetermined relaxation measures, including deep-pressure
tactile stimulation, directed diaphragmatic breathing, and rhythmic movement protocols, so that there
could be a unification of sensory input and affective regulation. Such practices could improve
emotional regulation abilities in children by encouraging stability of the limbic-prefrontal circuitry,
especially that of the orbitofrontal cortex.

3. Prolonging intervention phases along with a systemic long-term follow-up assessment will be
necessary to establish whether the described behavioral and motor improvements are maintained,
transferred to real-life situations, and relevant to other areas of development, such as attention control,
school preparation, and social interaction.

4. Finally, include outcomes of feasibility and acceptability, such as parent and therapist feedback, child
involvement, and negative events. In case the findings are promising, run pragmatic trials and cost-
efficiency evaluations to determine how it can be scaled or create open-access intervention materials
(manuals, short training videos) to enable clinicians and educators to run evidence-based versions of
the protocol and still achieve an outcome. These will transform the protocol into an informative
presentation of a case with stringent clinically applicable evidence on the sensory-motor interventions
in young children with ODD and learning issues.

CONCLUSION:

The current study provides solid empirical data, in which systematic sensorimotor and multisensory
interventions instigate significant improvements in fine motor control, sensory discrimination, balance,
and attentional stability among developmentally delayed children. The results obtained can support the
idea of experience-related neuroplasticity, according to which extended sensory and motor stimulation can
promote cortical reorganization and thalamocortical coordination.

The reduction in fatigue and increase in attention during intervention indicated the enhancement of neural
efficiency and regulation. These effects provide neuropsychological evidence in support of the theory that
early multisensory exposure is capable of recalibrating atypical sensory thresholds and, hence, enhancing
self-regulation, confidence, and readiness to learn.

As a whole, these studies span the divide between neuropsychological theory and early intervention
practice, and show that through targeted, play-based sensory interventions, meaningful change can occur
in a short space of time. Although further research is required, the findings of the research have a high
likelihood of confirming the integration of neuroscience-informed sensory play in early childhood therapy
and education, to enforce balanced emotional, sensory, and cognitive development. (Dave Neale, 2018)
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