Research Article

Childhood Neuro Developmental Disorders And Early Intervention
Outcomes In Educational Healthcare Programs

Dr. Sarala G, Dr. Keertana M?, Deepa Sundareswaran3, Mr. Sudhakar K*

1Professor & HOD, Neurology , Meenakshi Medical College Hospital & Research Institute, Meenakshi Academy of Higher Education and Research, Enathur, Kanchipuram, Tamil Nadu 631552.
saralag@maher.ac.in

2Assistant Professor, Community Medicine, Meenakshi Medical College Hospital & Research Institute, Meenakshi Academy of Higher Education and Research, Enathur, Kanchipuram,

Tamil Nadu 631552. keetanam@maher.ac.in
3,

f & Principal, M kshi College of Occupational Therapy, Meenakshi Academy of Higher Education and Research. sundar@maher.ac.in

“Lecturer, Meenakshi College of Pharmacy, Meenakshi Academy of Higher Education and Research. sudhakark@maher.ac.in

Abstract

Background: Childhood neurological disorders (NDDs) such as Autism Spectrum Disorder (ASD), Attention Deficit
Hyperactivity Disorder (ADHD), Intellectual Disability and Communication Disorders are greatly impacting the
cognitive, behavior, social and educational development. There is growing evidence that early intervention
programs that combine health care and educational services are effective in promoting developmental outcomes.
Objective: To assess the impact of multidisciplinary educational healthcare programs on growth, development,
behavioral, communication and academic outcomes in children using neurodevelopmental disorders.
Methodology: Retrospective cohort study was carried out using data from 500 children, aged 2-10 years, enrolled
in coordinated intervention programs in ten developmental care centers. Interventions included speech and
language therapy, standardized behavioral therapy, individualized educational support, and parent training
initiatives. Outcomes were assessed at 24 months of follow-up using standardized assessments of development
and education. Results: Major advances were observed in all developmental domains. Language proficiency scores
increased from 48.2 to 71.4 (48.1%); cognitive performance climbed from 52.7 to 74.9 (42.1%); adaptive behavior
increased by 52.7%; and academic readiness increased by 58.5%. Multidisciplinary interventions produced greater
gains in interpersonal skills, social engagement and school preparedness for the children who received them.
Conclusion: Integrated educational health services have a significant positive impact on development and
education in children with NDDs. Early identification, multidisciplinary interventions, and family-centered care are
important.

Keywords: Neurodevelopmental disorders, early intervention, autism spectrum disorder, ADHD,
educational healthcare, multidisciplinary care, developmental outcomes, academic readiness, pediatric
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1. Introduction

Childhood neurodevelopmental disorders (NDDs) are a set of disorders that are characterized by deficiencies in
cognition, behavior, communication, social and adaptive functioning and manifest throughout the developmental
period [1]. NDDs include Autism Spectrum Disorder (ASD), Attention Deficit Hyperactivity Disorder (ADHD), Intellectual
Disability (ID), Specific Learning Disorders (SLD) and Typical Communication Disorders [2]. These conditions affect
millions of children worldwide, are a serious public health and educational challenge because of long-term effects on
academic achievement, social engagement, and quality of life [3].

Recent developments in neuroscience indicate that early childhood is a critical period for brain growth, with neural
plasticity being most responsive to environmental stimulation, while therapeutic interventions [4]. Early identification
as well as intervention have therefore been key strategies for enhancing developmental outcomes in children with NDDs
[5]. Studies have shown that interventions in the first few years of life may greatly improve language learning, cognitive
development, adaptive behaviors, and social communication skills [6]. Integrated therapies that include standardized
behavioral interventions, support for schooling, and family-centered care show particularly good results [7].

Educational health care programs have been developed as comprehensive service models to integrate the health care
while education systems in order to meet the heterogeneous needs of children with NDDs [8]. These programs facilitate

collaboration with pediatricians, psychologists, therapists, special education professionals, and families to provide
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individualized intervention planning and ongoing developmental monitorihg' [9]. Evidence exists that integrated
education-healthcare interventions enhance school readiness, academic success, and sociakinclusion, and reduce long-
term disability-related burdens [10]. : B —

There are major challenges, but there is increasing evidence for early intervention. Current studies are often disorder-
specific, therapy-specific or restricted to specific outcome domains, thus making it difficult to assess the overall
effectiveness of holistic educational healthcare programs [11]. Furthermore, differences in the intensity of intervention,
accessibility of services, and methods of assessment have contributed to inconsistent results in populations along with
settings [12].

Research Gap

Although beneficial effects of early intervention on some developmental outcomes have been described in previous
studies, a comprehensive assessment of multidisciplinary curricular healthcare programs for several neuro
developmental disorders is still lacking. There are few studies that have examined mental, physical, communication,
adaptive and academic outcomes in a common intervention framework. Therefore, more research is needed to better
understand the total efficacy of integrated educational health care programs to enhance developmental trajectories for
children with NDDs.

Goals

The present study is aimed to:

1. Assess the impact of early intervention strategies on development outcomes in children with neurodevelopmental
disorders.

Assess changes in cognitive, communication, behaviors, adaptive, and academic functioning after the intervention.
Comparison of intervention outcomes across neuro developmental disorders categories.

Examine the contribution of multidisciplinary educational healthcare services to developmental progress.

Provide evidence-based recommendations for improving integrated healthcare and educational support systems for
children with NDDs.

ukhwn

2. Literature review

Recent research has provided stronger evidence for early intervention in children alongside neuro developmental
disorders (NDDs), specifically Autism Spectrum Disorder (ASD), Attention Deficit Hyperactivity Disorder (ADHD) and
communication disorders. Beginning therapeutic interventions during critical periods of brain growth and development
have been linked to enhanced cognitive functioning, acquisition of languages, adaptive behavior, and social interaction
abilities [1]. Research in 2022-2026 shows that structured behavioral programs such as Applied Behavior Analysis (ABA),
speech-language therapy, and occupational therapy are associated with significant developmental progress and long-
term educational success [2].

Several investigations have demonstrated the efficacy of intervention models led by multidisciplinary teams of health
professionals, educators, therapists, and family members in a coordinated framework [3]. These collaborative models
have been found to have a positive impact on school readiness, academic performance, emotional regulation, and social
participation of children with NDDs [4]. Moreover, family-directed interventions have been shown to improve treatment
adherence and support developmental gains made during clinical along with educational sessions [5].

Advances in technology have also become important parts of contemporary intervention initiatives. Digital health
platforms, teletherapy services, and artificial Al-powered screening tools have improved access to developmental
services, especially in underserved areas [6]. These advances have not addressed the problems of delayed diagnosis,
variable intensity of intervention, unequal accessibility to specialized services and the limited integration of health and
education systems.

Evidence available suggests that holistic educational health care programs have more sustainable developmental effects

than piecemeal interventions. However, a need remains for large-scale studies exploring multiple areas of development
simultaneously across a range of neurodevelopmental conditions. Additional work therefore is required to identify
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standardized, evidence-based instructional healthcare models that have the potentlal to optimize developmental,
behavioral, and educational results in children via NDDs [7]. ~ R =
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Figure 1. Conceptual Framework of Childhood Neuro developmental Disorders and Early Intervention Outcomes in
Educational Healthcare Programs

Figure 1. Conceptual model of the relationship of childhood neurodevelopmental disorders and early intervention
outcomes. Initial detection and screening, in conjunction with multidisciplinary educational healthcare services (speech,
occupational, behavioral, psychological, educational, and parent-support interventions) improves communication,
cognitive, adaptive, specialized, social, and emotional development. These improvements increase academic
achievement, school readiness and long-term standard of life.

3. Methodology

3.1 Study Design

This In this study we used a retrospective cohort research design to assess the effectiveness of early intervention
strategies with integrated educational healthcare services with children alongside neurodevelopmental disorders
(NDDs). Data collection was retrospective from pediatric developmental centers, institutions of special education, and
multidisciplinary rehabilitation clinics with standardized interventions and assessment records from 2022 to 2025. The
cohort approach offered an opportunity to examine growth progress over time and treatment results across multiple
domains of development.

3.2 Subjects

Inclusion criteria for the study were children aged 2—10 years with confirmation of one or more neurodevelopmental
disorders according to DSM-5 diagnostic criteria and multidisciplinary clinical assessment. The diagnostic categories
were:

e Autism Spectrum Disorders (ASD)

¢ Attention Deficit Hyperactivity Disorder (ADHD)

e Intellectual Disability (ID)

¢ Specific Learning Disability (SLD)

e Communication Disorders (CD)

The study population consisted of a purposive sample of 500 children from educational healthcare centers that took
part in the study. Children about severe neurological disorders, genetic syndromes and incomplete records of
intervention were eliminated from the study. Parents or legal guardians provided written consent before the collection
of clinical and educational data.

3.3 The Intervention Framework
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The intervention framework included comprehensive multidisciplinary é‘ew_ifés -to address various developmental,
behavioral, communication and educational needs. Every kid was enrolled and Fécqived'é’growthécreening and clinical -
assessment in order to identify strengths, deficits, and customized intervention goais:~~.,_ = -
Components of the intervention were:

Developmental screening and diagnosis.

Clinical assessment by paediatricians. Psychologists and therapists.

Speech-language therapy for enhancing communication and language skills

Occupational therapy for improving sensory connection, motor coordination and activities of daily living.
Behavioural therapy centered on adaptive behaviour and emotional regulation.

Targeted educational support according to learning needs.

Parent counseling and education programs to promote family involvement and continuity of interventions.
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Figure 2. Methodological Workflow

Figure 2 The methodological process performed in the study is presented in Figure 2. Participants are recruited and
baseline assessment, classification according to diagnosis, allocation of interventions, implementation of educational
support and follow-up assessment, and analysis of final outcomes to evaluate development and educational
improvements.

The intervention was implemented between 12 and 24 months and the frequency of the therapy sessions was based
on the individual needs varying from three to five times weekly.

3.4 Measures of outcome

Developmental outcomes were determined at baseline and at intervals during follow-up with standardized growth-

oriented educational, and behavioral assessment instruments.

Primary Outcomes Measures

The primary outcomes targeted major developmental domains:

* Cognitive Development: Measured using age-appropriate mental evaluation scales measuring memory, attention,
problem-solving and executive functioning.

¢ Language Development: Evaluated using speech and language assessment tools that measure receptive language,
articulate language, vocabulary acquisition, alongside communication skills.

* Adaptive Behavior: Evaluated by adaptive functioning scales measuring self-care, social responsibility and daily living
skills.
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Secondary Outcomes Measures

Secondary outcomes included more general psychosocial and educational measures as follows:
* Academic Performance: School readiness, literacy, numeracy and classroom achievement scores.‘ B

* Social Functioning — Peer interaction, social participation, emotional regulation.
* Parental Satisfaction — Satisfaction about intervention services, child progress and famlly support programs as

reported by parents.
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Figure 3. Outcome Assessment Domains

Main domains used to evaluate the intervention results for children alongside neuro developmental disorders are
shown in Figure 3. Developmental outcomes are measured in four domains: cognitive development, language
development, social competence, and academic performance. This offers a comprehensive framework for assessing the
effectiveness of educational health interventions and tracking developmental progress.

3.5 Data Collection and Analysis

Data was collected compared to electronic healthcare while educational records by applying a standard data collection
form. Variables included demographic characteristics, type of diagnosis, intensity of the intervention, scores on
developmental assessments, academic outcomes, and feedback from parents.

Descriptive statistics (frequencies, percentages, means, standard deviations) were applied to summarize participant
characteristics while intervention outcomes. Scores on development at baseline and follow-up were compared with
paired-sample t-tests. Group differences were investigated using analysis of variance (ANOVA). The statistical
significance was set at p < 0.05. Statistical analyses were conducted utilizing SPSS version 29.0.

3.6 Ethics considerations

The study was conducted following the principles expressed in the Declaration of Helsinki. Institutional authorization
was obtained from the participating educational healthcare centers . The confidentiality of participants was assured by
anonymising data, secure storage of records and limiting access to data. No recognizable personal information was
incorporated in the analysis or in the reporting of results.

3.8 Dataset and Parameters

Table 1. Dataset The dataset consisting of data of 500 children aged 2-10 years with neuro developmental disorders
enrolled in multidisciplinary educational healthcare programs from 2022-2025. Data were collected from 10 pediatric
developmental centers and encompassed demographics, diagnostic classifications, interference characteristics, and
measures of developmental outcome. The main parameters were age, type of diagnosis, duration of intervention,
frequency of therapy, duration of follow-up and scores on developmental assessments. Cognitive, language, adaptive,
social and academic outcomes were assessed using standardized evaluation tools. The dataset allowed for a
comprehensive evaluation of the effectiveness of interventions in several developmental domains and indicators of
educational achievement [1,2].
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Table 1. Dataset Characteristics and Pa'raméters,

Parameter Description Value

Sample Size Total participants 500 =

Age Range Children included 2-10 years._

Centers Developmental centers 10 N

Study Period Data collection duration 2022-2025

Intervention Program length 12-24 months

Duration

Therapy Sessions per week 3-5

Frequency

Follow-up Period Outcome evaluation 24 months

Outcome Domains Assessment categories Cognitive, Language, Social,

Academic

Data Source Educational healthcare Electronic database

records

4 Results & Discussion

The aim of this study was to assess the effectiveness of multidisciplinary instructional healthcare interventions by
assessing baseline and follow-up growth results between children with neuro developmental ilinesses. Results showed
significant improvements in cognitive, language, adapted, and academic domains subsequent to participation in early
support programs. Results show that integrated health and schooling services improved developmental gains, school
readiness, while functional independence. Achievement in all outcome measures suggests that early intervention is
critical to improving developmental trajectories along with educational performance in children about
neurodevelopmental disorders.

Table 2. Developmental Outcomes

Outcome Baseline Follow-up Improvement
Measure Mean Mean (%)

Language Score 48.2 71.4 48.1
Cognitive Score 52.7 74.9 42.1

Adaptive 50.1 76.5 52.7

Behavior

Academic 45.6 72.3 58.5
Readiness

Table 2 presents the cognitive outcomes pre- and post-intervention. Academic readiness showed the greatest increase
(58.5%) from a baseline mean of 45.6 to 72.3. The adaptive behavior improved by 52.7% which suggested improvement
in daily living skills and social functioning. Language development increased by 48.1%, showing the effectiveness of
speech-language therapies and communication-focused interventions. Cognitive scores improved by 42.1% showing
improvements in attention, memory and problem solving abilities. Overall findings suggest that early intervention
programs were extremely successful in improving developmental functioning in all domains measured.
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Figure 4. Outcome Improvement across Domains

Figure 4 presents the percentage improvement across all developmental domains post-intervention. Of the
developmental domains, academic readiness had the greatest gain, subsequent to adaptive behavior, language, and
cognition. The trend suggests that integrated instructional healthcare programs are especially effective in promoting
educational preparedness, as well as communication, adapted functioning, and cognitive development.

Table 3. Outcomes by Disorder Type

Disorder Communication Behavioral Academic
Gain Gain Gain

ASD High Moderate Moderate

ADHD Moderate High High

Learning Disorder Moderate Moderate High

Communication Very High Moderate Moderate

Disorder

Table 3 shows a comparison of intervention outcomes between different neuro developmental diseases. High
communication gains were reported for children with Autism Spectrum Disorder, suggesting the effectiveness of speech
and behavioral therapy. Participants with ADHD showed significant improvements in behavior and academic
achievement, likely due to the structured behavioral therapy along with educational support. Children with cognitive
disorders made large academic gains and children about communication disorders showed very high gains in their
communication skills. These results indicate that the effectiveness of an intervention depends on developmental criteria
and therapeutic targets specific to each disorder.

5.2 Discussion

Findings were in support of the hypothesis that early support has a significant effect on developmental outcomes of
children alongside neuro developmental disorders . Intensive multidisciplinary approaches, individualized educational
planning and active parental involvement are likely to improve linguistic growth and adaptive functioning. The
substantial increase in academic readiness demonstrates the need for the integration of health services about
educational support systems.

The findings are consistent with current research highlighting neuroplasticity in early childhood while the impact of
coordinated methods of intervention. Early therapy experiences help children learn foundational communication,
cognitive, while social skills that are critical to later academic success. Family-centered models also appear to improve
the outcomes of interventions by enhancing developmental learning in the home setting.
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Children about ASD and communication disorders had especially strong c"om_rh'unication gains, while kids with ADHD
and learning disorders had greater academic alongside behavioral gains. These differences-point to the importance of
individualizing intervention plans to the child’s developmental profile along with diagnostic characteristics.

5. Conclusion and future scope

This study investigated the efficacy of integrated educational healthcare programs in enhancing developmental
outcomes associated with children with neuro developmental disorders (NDDs) such as Autism Spectrum Disorder,
ADHD, Intellectual Disability, Particular Learning disorders and Communication disorders. Results demonstrated
considerable improvements in cognitive development, linguistic abilities, adaptive behavior, social functioning, and
school readiness following taking part in multidisciplinary early intervention programs. The results also further
supported the important role of coordinated health care services, educational support and active family involvement in
positive developmental along with educational outcomes.

The largest improvements were in academic readiness along with adaptive behavior, emphasizing the significance of
therapeutic interventions in conjunction with individualized planning for school. Furthermore, analyses by disorder
showed that the effectiveness of the intervention differed between diagnostic groups, underscoring the need for
individualized treatment approaches. Overall, the study supports the use of integrated educational healthcare
frameworks as an effective strategy to improve developmental progress and long-term quality of life among children
with NDDs.

Future Scope

Future research on the longitudinal effects of the interventions should evaluate the sustainability of the intervention
effects into adolescence and adulthood. The use of artificial intelligence, digital healthcare technologies, teletherapy
platforms and predictive analytics may further improve early screening, customized intervention planning and access
to services. Moreover, it is recommended that multi-center studies with larger sample sizes across diverse populations
be conducted to develop standardized evidence-based frameworks for interventions and to improve policy creation for
inclusive educational healthcare systems.
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