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ABSTRACT: 

The current neuropsychological case study examined how sensory-motor structured activities and special 

interventions can be used to improve the cognitive and motor functioning of a child  process of a 6 year-

old male subject diagnosed with intellectual disability disorder .It explores structured sensory-motor tasks 

on a child with mild intellectual disability and the results revealed that there were improvements in motor 

planning, balance, attention, and cognitive sequencing. Neuroplasticity Multisensory rehearsal and 

repetition of multimodality activity would probably consolidate thalamocortical and sensorimotor circuits, 

making them adaptive to learning. The results indicate the efficiency of non-pharmacological multisensory 

interventions to enhance cognitive and motor growth. Three main experimental tasks were used in the 

study and they included the following, the psychometric weights task, which involved sequencing and 

cognitive processing, the velcro board task, which involved visual-motor coordination and attention, and 

the set-up/set-down trials, which involved motor balance and postural control. 

During seven days, the participant performed organized tests that included auditory, verbal, touch, and 

vestibular stimulus. Toy play and barefoot running were combined to enhance the proprioceptive, 

vestibular and attentional networks. The trial-to-trial data concerning the accuracy and error was 

systematically stored and analyzed. 

Outcomes of the post-intervention showed that there was a significant enhancement of motor planning, 

balance regulation, attention, and cognitive sequencing. The neuropsychological interpretation revealed 

that the patient had intact afferent sensory pathways, efficient thalamic relay, and functional inter-

hemispheric integration through the corpus callosum because the test scores were predominantly correct 

and few errors.Within sensori-motor integration, the sensory information are transmitted as the afferent 

pathways to the brain from the body that help perceive touch, sound, vision, balance, and body position 

by the thalamus and sensory cortices. 

The research paper has analyzed the structured sensory motor activities of a child with mild intellectual 

disability demonstrating that he has had improvement on his attention skills, motor planning skills, and 

cognitive sequencing skills. Neuroplasticity, which happened in the prefrontal cortex, was likely to 
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promote adaptive learning in that the child was able to change behavior and increase task performance as 

a result of repeated multisensory experiences. 

Conversely, the motor commands are relayed to the body via the different pathways which control 

movement, posture and responses. The ongoing communication between the two lines of action enhances 

neuroplasticity enabling the brain to adjust, learn and enhance the coordination and mental processes. 

These results demonstrate the relevance of a multisensory rehabilitation model in facilitating 

neurocognitive adjustment, sensorimotor, and cognitive flexibility in children with neurodevelopmental 

deficiencies, making it possible to suggest its use as a practicable therapeutic approach. 

 

KEYWORDS: Sensory–Motor Integration, Visual-Motor Coordination, Motor Balance, Adaptive 

learning, Neuroplasticity, Attention, Multisensensory Learning, Neuropsychological Assessment 

 

INTRODUCTION: 

The patient Vansh, a 6-year-old boy, has been referred to a pediatric neuropsychology clinic after his 

parents had observed his problems with attention, coordination, and classroom learning. His educators 

said that he tended to lose concentration in classes, could not copy things written on the board and had 

difficulties with balancing in sports. These difficulties alluded to the inefficiencies of his sensori-motor 

integration, which is the neurological basis of cognitive and motor development. 

Sensori-motor integration is important to neuropsychological development of children, including 

cognition, balance, attention, and executive functions. It is carried out in the reception and organization of 

auditory, visual, touch, proprioceptive, and vestibular impulses that we receive and which are transmitted 

to the thalamus and sensory cortices, coordinate cross-hemispherally through the corpus callosum, and 

controlled by prefrontal-motor mechanisms. 

Children with disrupted such circuits may be found to have problems with attention regulation, 

sequencing, perceptual accuracy, and motor coordination. But the budding brain has great neuroplasticity-

-the capacity of the brain to restructure neural circuits and develop new connections through systematic 

experience and practice. This flexibility allows the targeted interventions to increase the weak neural 

circuits and improve functional outcomes. 

In order to assess and ensure the improvement of sensori-motor and cognitive functioning of Vansh, a 

sequence of systematic experimental activities was provided. All of the tasks were to activate particular 

neural networks and facilitate neuroplastic reorganization by sensory feedback and repetition: 

Sequencing and Cognitive Processing Tasks: The ability to follow through instructions reached in a multi-

step way thus involving the working memory and executive circuits was tested on Vansh. 

Velcro Board Task: Evaluated visual-motor control and endurance of attention, where Aarav had to stick 

and unstick the pieces in a specific order in color. 

Set-Up/Set-Down Trials: These are concerned with gross motor balance and proprioceptive awareness 

which is helpful in retraining posture and body coordination. 

Also, natural movements like running with bare feet, standing on loose grounds, and games which 

involved toys were added. These exercises particularly involved the proprioceptive and vestibular systems, 

which provoked neuroplastic alteration in the motor and the sensory cortices. As they repeated, the neural 

pathways of perception, coordination and attention were strengthened. 

Vansh showed major improvements in several sessions. It is found that his attention range had improved, 

mistakes in sequencing had been reduced, and his balance and coordination was more stable. Those 
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behavioral gains were indicative of neuroplastic changes underlying because his brain gradually 

restructured its sensory and motor networks to realize more effective processing. His environmental 

responsiveness was also enhanced, proposing enhanced coordination between the input and executive 

control. 

This case study illustrates that sensori-motor interventions based on the theories of neuroplasticity can be 

used to improve the cognitive ability and motor skills of a child. By means of repetitive, systematic and 

interesting exercises, the brain is able to create new neural pathways, which counterbalance the 

inefficiencies of its development in the past. The results demonstrate the value of evidence-based and 

integrative early interventions in pediatric neuropsychological rehabilitation and the developing brain is 

not permanent but can be subject to constant development and re-planning in case of appropriate 

stimulation. 

 

THEORETICAL FRAMEWORK OF SENSORIMOTOR SYSTEM: 

It is believed that the sensorimotor system is a highly complex one and it is only one part of the whole 

system of controlling movements and numerous bodily processes. All the sensory, motor, central 

integration, and processing mechanisms engaged in homeostasis during body movements (i.e., functional 

joint stability) are referred to as sensorimotor system.Therefore, the mechanisms that generate functional 

joint stability are extremely flexible due to the variation between individuals and tasks. The stability of 

the functional joints is achieved by interdependency between dynamic and static (passive) constituents. 

The forces opposing movement, which cannot be voluntarily regulated, are known as the corpus of the 

articular joint as ligaments, joint capsule, articular cartilage, intraarticular pressure and friction, and bony 

geometry. The corpus of the articular joint contributes to movement due to this neuromotor control-phased 

action over the skeletal muscles crossing the joint. The biomechanical and physical properties of the joint 

form the basis of the efficacy of the dynamic restraints. These details are the range of motion and muscle 

strength and endurance. All the afferents, afferents, and central integration and processing components 

constitute the system of sensory coordination. 

 

PURPOSE OF THE STUDY: 

The aim of the current research is to investigate the effectiveness of a structured multi-sensory stimulation 

program on the improvement of the most important developmental and functional areas in a child of 4 

years of age with Intellectual disability.  The program is presented in the form of pre-test, intervention and 

the post-test over the course of seven days and is aimed to determine the changes in the following focus 

areas: 

● Cognitive functions - attention, sensory discrimination, and early executive functions e.g. working 

memory and inhibitory control. 

● Motor and balance skills - postural control, gross-motor coordination, fine motor planning, in 

particular, hand-eye coordination. 

● Sensory processing skills- vestibular, proprioceptive, tactile and audio-visual sensitivity and multi-

sensory material integration. 

The intervention is specifically involved with the balance and coordination systems of the vestibular and 

cerebellar, body awareness systems of the somatosensory and proprioceptive and multisensory perception 

and attentional modulation systems of the auditory-visual cortices. 
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This will be a test to prove whether or not it is true that, with the help of sensory play sessions, that are 

short in length, structured and focused, it is possible to observe a difference in these aspects, as measured 

by both the behavioural indicators of hits and misses and the percentage accuracy. The assessment is based 

on the validated behavioural observation procedures, as opposed to neuroimaging, which permits 

conducting a practical estimation of cognitive, motor–balance and general developmental functioning 

gains. 

 

RELEVANCE OF THE STUDY: 

The research is applicable because of a number of reasons. It forms part of the emerging research on 

behavioural neuropsychology and developmental intervention that aims at the early upgrading of 

cognitive, motor, and sensory integration capabilities in behaviourally challenged children. 

The multi-sensory stimulation program that is structured, that is, a combination of the following: 

vestibular, proprioceptive, tactile and audio-visual activities, is a simple, replicable and cost-effective 

method that can be easily integrated into early childhood education, therapy and school-based programs. 

The research also describes neuroplasticity how the brain is adaptive and develops new neural connections 

due to reiterating sensori-motor experiences. Activities such as sequencing, balance and coordination 

activities are structured activities that activate neural circuits, which enhances the growth of attention, 

coordination and learning. Therefore, neuroplasticity can reinforce the success of early sensori-motor 

intervention in enhancing cognitive and motor development. 

The study shows evidence of a practical and non-pharmacological approach to help children with 

developmental and behavioural issues because it documents measurable changes in cognitive attention, 

motor balance, sensory processing, emotional regulation and communication skills.The investigation used 

a non-pharmacological treatment since it was aimed at improving accuracy in sensorimotor control, 

integration of multisensory and cognitive-motor coordination through naturalistic and brain-based training 

techniques instead of medication. In children with mild intellectual disability, the fundamental losses are 

those in perceptual processing, attention regulation and executive-motor synchronization, which are areas 

that are more responsive to behavioral and sensory-based interventions than to pharmacological treatment. 

In addition, the results can be used to inform teachers, parents, occupational therapists and mental health 

professionals, informing them to implement the use of short and more structured sensory play as a method 

to develop improved self-regulation, more learning readiness and functional development in other 

paediatric populations of a similar type. 

 

RESEARCH QUESTION: 

Will there be changes in cognitive abilities, motor balance, and sensory processing in a 4-year-old child 

with Intellectual disability Disorder that is achieved by using a seven-day multi-sensory stimulation 

program? 

 

METHODOLOGY 

The study was done with a pre- and post-experimental design to determine the effectiveness of a structured 

multi-sensory-based stimulation program in improving cognitive skills, motor balance, and sensory 

processing in one subject. The therapy was based on a sensory integration model, which focused on four 

distinct domains: vestibular sensitivity, proprioceptive sensitivity, tactile sensitivity. 
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The patient was a 4-year old child diagnosed with Intellectual disability disorder. He had been put on 

board because of his capability in walking alone, following simple instructions, and with moderate eye-

hand coordination. No comorbid neurodevelopmental disorders or psychiatric disorders. The sensory 

functions were fine, and the participant demonstrated the capability to take part in interventions based on 

trials with assistance. 

The evaluation of initial performance was done by way of structured trial-based observations. These 

activities were balance and movement (vestibular), hand-based resistance and pulling (proprioceptive) and 

velcro textures (tactile). Every trial was registered as either a Hit (correct/suitable response) or a Miss (no 

response/incorrect response). Quantitative scores were created on a daily basis complemented with 

qualitative behavioural observations, including attention, engagement, resistance, and emotional reactions 

during testing. 

All intervention materials were chosen so that they are easy, inexpensive and replicable so that it is 

possible to recreate the study within the same environment of the clinic or training. The sessions were 

adapted to the performance of the participant according to the feedback and were scaled in the level of 

difficulty in terms of activities. The positive reinforcement and brief feedback were used at the end of 

every session to maintain motivation and interest. 

The experiment was separated into three stages during the seven days. In the course of the pre-intervention 

(Day 1-2) baseline performance was evaluated in terms of attention, sequencing, balance and coordination. 

The intervention (Day 3-5) included organized sensori-motor practice: sequencing activities, velcro board 

games, balance attempts and play movements to activate brain circuits leading to increased neuroplasticity. 

During the post-intervention period (Day 6-7), the same procedures were repeated in order to assess the 

progress and the performance was evaluated with the use of percentages scores and graphs and revealed 

the improvement of attention, coordination, and cognitive-motor skills. 

Ethical standards were observed during the process. The parents were provided with informed consent 

which was taken beforehand and fully informed on the purpose of the intervention, the procedures to be 

undertaken, the benefits that may arise out of the intervention as well as any of the risks that may arise out 

of the intervention which may be minimal. Each session was held in a secure and regulated setting, which 

aimed at eliminating the risks of physical or emotional damage as much as possible, and the exercises 

were presented under strict control by trained specialists who had the knowledge of child development 

and neuropsychological treatment. 

It was held safely and under supervision . All the records were kept secret and the identity of the child was 

not revealed. The sessions were all supervised by a trained professional. 

 

LITERATURE REVIEW: 

1. Thalamic Multisensory Integration. 

According to Tyll, Budinger and Noesselt (2011) the thalamus is not merely a sensory relay, they consider 

it an active participant in multisensory interactions, influencing the combinations of auditory, visual, and 

somatosensory inputs. The thalamocortical loops control not only sensory accuracy, but also attentional 

selection, which directly determines sensorimotor task accuracy. In your study, the thalamocortical loop 

was an important target since there is a need to integrate multisensory and sensorimotor accuracy, which 

are frequently damaged in children with intellectual and developmental disorders. The intervention was 

expected to: This makes thalamus to be central in conceptualizing hits and misses in behaviors, particularly 

in cases when other sensory streams need to be integrated. 
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2. Sensory Motor Integration when learning a motor task. 

Matur and Ozyurt (2017) conduct a review of the significance of sensorimotor integration (SMI) regarding 

the role of motor adaptation. Their contribution demonstrates that proper performance requires active 

revision of sensory feedback in cortical and subcortical motor systems. The interruption of this process 

typically causes accuracy variability, which underscores the fact that motor learning is closely intertwined 

with sensory prediction and error correction processes, which are the central to the explanation of the hit-

miss results. 

3.   Neural Correlates of Multisensory Detection: Hits vs. Misses 

Meijer et al. (2020) present the evidence that the comparison between the hits and miss trials in audiovisual 

detection tasks exhibits more activation in higher-order cortical areas than it is in the primary sensory 

regions. Their results indicate that effective hits do not only rely on crude sensory stimuli but on integrative 

thalamocortical and frontoparietal processing which integrates various modalities to cause conscious 

awareness and motor action. 

4.  Multisensory Integration, Plasticity, and Cognitive Flexibility.Lucchesi et al. (2025) are a review of 

the role of multisensory integration in perception, learning, and behavioral flexibility. They point out that 

thalamocortical and motor systems are capable of changing in response to experience, and plasticity in 

these systems improves the accuracy of performance. Integration failures, in turn, tend to be in the form 

of misses or slow responses, which highlights the importance of network efficiency in sensorimotor 

outcomes.The thalamocortical loop offers a neurophysiological rationale to the problem of repeated 

multisensory experiences being able to enhance motor performance, attention, and sequencing of cognitive 

processes in developing groups. 

5. Cruz et al. (2022) looked at the interaction of cortical and subcortical areas such as the prefrontal cortex, 

basal ganglia, thalamus, and cerebellum in the support of goal-directed behaviors. They discovered that 

the effective (hits) and the ineffective (misses) actions are based on the good communication between the 

thalamocortical and motor systems and the imbalance in these networks can cause errors. This explains 

the significance of sensorimotor integration and multisensory processing to precise performance of tasks. 

 

CASE HISTORY: 

The participant is 6 years old who was referred for psychological evaluation because of major 

developmental delays, such as speech and language deficits, inability to stand on his feet, poor hand 

coordination. There were also severe attention deficits that affected the performance of age-related tasks. 

Mother health problems complicated the prenatal period as she had been sick a long time, had injections 

and muscle spasms medication, and her stress level was high because of the disputes in the family. Birth 

was an emergency birth due to loss of too much of the fluid and crowning, the umbilical cord was tied 

around the head and the baby initially had difficulty in getting her breaths. At a young age, the child 

suffered 3-4 seizures, with probable genetic factors since the grandfather on the maternal side had a history 

of seizures. There was a delay in muscle development and this led to frequent falls and the need to be 

supported physically. There was poor sleep, poor appetite and poor body strength. 

It was found that there was no speech development, and only babbles and simple syllables were produced. 

Fine and gross motor skills were severely slowed; a child was unable to perform simple tasks, balance 

skills due to poor posture and body control, and hand skill coordination. Stiffness of the upper part of the 

body and general stiffness lacked. Difficulties in swallowing led to drooling and the problem of imbalance 

in the vestibular system made walking tough and usually a person had to run to stay steady. Cognitive 
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abilities were affected, logical reasoning was impaired, the attention span was low, object permanence did 

not exist, and simple tasks could not be completed independently. The child was very reliant on the 

caregivers to feed, toilet and carry out other day to day activities. The emotional and behavioral 

observations were mistrust of strangers, resistance to new environments or changes, fluctuations in mood, 

and a strong dependence on familiar people to make them feel good. The child, in general, was 

characterized by international developmental delays, severe motor and cognitive impairments, and high 

levels of care-dependence, thus indicating that organized intervention and assistance were required. 

 

RESULTS: 

Activity 1 Gross Motor control  ( Psychometric weights) 

Psychometric weights   

Day Percentage of hits Percentage of miss 

1 83.3 16.6 

2 86.6 13.3 

3 76.6 23.3 

4 73.3 26.6 

5 80 20 

6 93.3 6.6 

The above illustration demonstrates the percentage of hits and misses for participants, conducted pre and 

post intervention period. 

 

Activity 2 

Sensory Motor control (Velcro board) 

Velcro Board   

Day Percentage of hits Percentage of miss 

1 94.4 5.5 

2 100 0 

3 97.2 2.7 

4 94.4 5.5 

5 88.8 11.1 

6 94.4 5.5 

7 97.2 2.7 

The above illustration demonstrates the percentage of hits and misses for participants, conducted pre and 

post intervention period. 

 

 

 

 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

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

 

IJFMR250557727 Volume 7, Issue 5, September-October 2025 8 

 

Activity 3 

Vestibular motor balance(Set up Set down) 

Set up Set down   

Day Percentage of hits Percentage of miss 

1 95 5 

2 85 15 

3 100 0 

4 100 0 

5 90 10 

6 95 5 

7 100 0 

The above illustration demonstrates the percentage of hits and misses for participants, conducted pre and 

post intervention period. 

 

INTERPRETATION: 

 
The motor skills activity (Activity 1 -Psychometric Weights) showed a little more variability in 

performance with hits of 73-93%. The initial days (14 days) recorded a significant variance and higher 

percentages of misses (as high as 26.6%), which indicates that initially the motor control of fine motor 

skills, grip strength, and motor accuracy were problematic. But by days 6 and 7, the scores had increased 

dramatically with a 93 percent and 90 percent accuracy, respectively. This trend implies the fact of more 

successful sensorimotor integration, visuomotor coordination, and fine motor performance with 
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intervention. This may have improved as a result of a better corticospinal tract performance and PFC-

based control of attention during motor tasks. 

 
The participant also played with high levels of consistency in the sensory domain (Activity 2 Velcro Task) 

which did not differ (88-100 hits). Errors were minimal (0–11) in all sessions but were the highest on day 

2 with accuracy of 100 percent. This stability brings out sustained sensory processing, touch sense, and 

sensory cues integration to effect correct responses. The subsequent improvement on the 5th day, with 

misses returning to below 6% implies that intervention led to more effective communication between the 

thalamocortical relay pathways and therefore increased ability to discriminate sensory stimulus and 

respond more rapidly to the tactile stimulus. 

 
The participant showed high performance throughout the seven days of the motor balance task (Activity 

3 -Set up, Set down), with hits of 85-100. On post-intervention days (day 3 to 7), the performance was 
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significantly stable and the number of misses was zero on some days (day 3, day 4, and day 7). It means 

that postural control and motor balance control are improved. The significant reduction in the number of 

misses on day 2 and 3 (15% and 0% respectively) indicates a quick adjustment to the intervention. This 

enhancement is an increase in the cerebellar-thalamic coordination and the strengthening of the motor 

pathways that control balance and body regulation. 

On the whole, the data point to the fact that the intervention led to the progressive improvement of motor 

balance, motor skills, and sensory processing tasks. Motor balance was progressed to ceiling quickly and 

stabilized, and this indicated a high adaptability of cerebellar and vestibular systems. There were slow yet 

significant improvements in motor skills which reflected fine motor control and attention. Sensory 

processing was always highly robust and multisensory integration networks were further reinforced. 

Together, these results testify to the efficacy of the intervention in enhancing thalamocortical motor 

connections, resulting in an increase in accuracy and the decrease in error rates in balance and skill-related 

tasks. 

 

LIMITATIONS: 

The limitations of the current research can be listed as follows, and it is necessary to address them in order 

to make replicability easier and outcomes should be correctly interpreted. 

1. Single Case Design - The study focused on one subject, and it was possible to have a rich, detailed, 

and nuanced examination of the impact of sensorimotor and multisensory treatment. However, the 

nature of a single-case design limits the generalizability of the results, since personal differences in 

the developmental paths might produce different results in larger groups. 

2. Practice and Familiarity Effects - It is possible that they were more likely to improve performance 

because of practice or familiarity as opposed to actual cognitive-motor development. 

3. Duration of Intervention-  The intervention was carried out in a limited period of seven sessions. Such 

a short-term period is problematic in terms of the sustainability of the observed motor and sensory 

improvement in the long run. 

4. Environmental and Emotional Effects- Change in motivation, fatigue or emotional conditioning 

between sessions could have affected the performance, especially attention-dependent motor tasks, 

leading to a potential confounding effect. 

5. Omission of the Broader Domains-  Although the study used the focus on motor balance, fine motor 

skills, and sensory processing, the higher-order domains of executive functioning, language, emotional 

regulation, or social interaction were not directly analyzed. These areas should have been included as 

they would have given a more holistic picture of the wider effect of the intervention. 

 

RECOMMENDATIONS: 

Despite the fact that the study shows some positive changes in motor balance, fine motor coordination, 

and sensory integration, it is possible to recommend some improvements to enhance the research and make 

it more relevant to real-life situations: 

1. Increased Sample Size and Heterogeneous Cohort -The external validity of results would be improved 

by including a more diverse range of people with distinct developmental and intellectual histories. 

2. Longitudinal Tracking- Follow-up measurements at a later time (e.g., 1-3 months) are required to 

determine whether sensorimotor accuracy gains are sustained or lost following intervention. 
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3. Ecological Validity -The real life tasks (classroom activities, play based motor exercises, and other 

daily living kinds of tasks) would be incorporated in order to measure whether the improvement of 

things in the laboratory is reflected in the real life. 

4. Multimodal Interventions- Motor-sensory and cognitive training, emotional regulation, or expressive 

arts might be combined to make up a more holistic rehabilitation model. 

5. Parental and Teacher Feedback - This would include external ratings of progress (e.g., parent/teacher 

checklists, classroom observation reports) and enhance the ecological relevance of the results. 

 

CONCLUSION: 

The current research paper was set to determine the effectiveness of sensorimotor and multisensory 

interventions by using structured tasks, which included motor balance and psychometric weights and 

activities using Velcro products. In all spheres, significant improvement was identified: motor balance 

was almost perfect in terms of accuracy, and motor skills showed a progressive increase, indicating an 

increase in the quality of fine motor control. The gradual reduction in the miss rate reflected that there 

were better sensory discrimination, attentional consistency and effective thalamocortical synchronization 

implying better multisensory integration in the long run. 

This perspective on neuroplasticity and neural divergence is that the adaptable characteristics of the brain 

are demonstrated by the possibility of reorganizing neural circuits by means of an experience-dependent 

modulation. The gained results are an indication that repetitive, structured sensorimotor stimulation may 

promote cortical re-mapping and synaptic strengthening along thalamocortical, cerebellar and prefrontal-

motor pathways. This dynamic reconfiguration helps in the more effective communication between 

sensory and motor networks, hence leads to better coordination, balance and cognitive control. The 

intervention was able to show measurable neural adaptability even in a short period of training, which 

confirmed the postulate that multisensory involvement can be used as a trigger of a functional neuroplastic 

change. Although generalization requires broader replications, the current results highlight the potential 

of such multisensory rehabilitation paradigms that are cost-effective and scalable in order to boost 

neurocognitive and motor growth of children with atypical neural profiles. 
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