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Abstract 

Background: Developmental and behavioral disorders like autism spectrum disorder (ASD), attention-
deficit/hyperactivity disorder (ADHD), speech delays, and learning disabilities have significant consequences for 
children’s cognitive, emotional, social, and academic development. Delays in diagnosis often limit access to timely 
intervention and support services. Objective: To develop and evaluate a comprehensive child health surveillance 
framework for early identification of developmental and behavioral disorders using systematic screening, risk 
assessment and multidisciplinary referral pathways. Methodology: It used a mixed-methods research design, 
collecting data from 5,000 children 0-12 years of age across pediatric clinics and community health centres over a 
24-month period. The proposed framework combined developmental screening instruments, behavioral 
assessments, electronic health records, parental reports, and risk stratification models. Performance was assessed 
based on sensitivity, specificity, referral accuracy and early detection rates. Findings: The proposed surveillance 
framework achieved a sensitivity of 89%, specificity of 91%, referral accuracy of 88%, and an early detection rate 
of 90% which out-performed conventional surveillance approaches. There were 2,362 cases of developmental and 
behavioral disorders, including ASD, ADHD, speech delays, learning disabilities, and behavioral disorders. The 
framework also reduced delayed diagnoses and improved the efficiency of specialist referrals.   Conclusion: 
Integrated child health surveillance strategies have a positive effect on the early detection of developmental and 
behavioral disorders. These findings support the need for the implementation of multidisciplinary technology-
enabled surveillance systems to facilitate timely intervention, improve developmental outcomes, and strengthen 
pediatric public health services. 

Keywords: Child Health Surveillance, Developmental Disorders, Behavioral Disorders, Early Detection, 
Pediatric Screening, Risk Stratification, Electronic Health Records, Public Health. 

 

1. Introduction 
Developmental and behavioural disorders are a major public health challenge, affecting millions of children worldwide. 
These include autism spectrum disorder (ASD), attention deficit/hyperactivity disorder (ADHD), intellectual disabilities, 
speech and language impairments, learning difficulties and emotional-behavioral disorders that may significantly affect 
a child's cognitive, social, emotional and academic development [1]. Recent epidemiological studies have shown that 
the prevalence of developmental disorders has increased worldwide due to increased awareness, wider diagnostic 
criteria and improved screening practices [2]. Early identification of these conditions is important as early intervention 
in the early years of life can significantly change developmental trajectories, enhance educational achievement and 
improve long-term quality of life [3]. 
  
Child health surveillance is the continuous and systematic monitoring of children’s physical growth, developmental 
milestones, behavioural patterns, and psychosocial well-being across childhood [4]. Previously, surveillance relied 
mainly on routine pediatric examinations and parental observations. New developments in health care technology have 
made it possible to incorporate standardized developmental screening tools; electronic health records (EHRs), 
caregiver-reported measures, school-based assessments, and data-driven monitoring systems [5]. Such integrated 
approaches enable earlier identification of developmental concerns and improved pathways for referral to specialist 
services.  
 
Routine developmental surveillance and periodic screening are recommended by several international organizations 
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including the American Academy of Pediatrics (AAP) and World Health Organization (WHO) to identify developmental 
delays and behavioural disorders at the earliest possible stage [6]. Systematic surveillance programs have been shown 
to improve diagnostic accuracy, reduce delays for specialist referrals, and improve access to intervention services [7]. 
Digital health technologies and predictive analytics have also emerged as promising tools to support population level 
surveillance and risk stratification in vulnerable pediatric populations [8].  
 
Despite these advances, there are still significant challenges to implementing effective surveillance systems. Existing 
approaches are often plagued by fragmented healthcare records, inconsistent screening practices, poor integration of 
behavioural assessments, and limited collaboration among healthcare providers, educators, and caregivers [9]. 
Furthermore, many surveillance programs tend to focus on a single developmental domain rather than taking a 
comprehensive approach that assesses developmental, behavioral, and psychosocial factors together. These limitations 
may lead to delayed diagnosis and missed opportunities for early intervention. 
 
1.1 Research Gap 
Previous research has examined developmental screening and behavioral assessment separately. However, there has 
been limited work to develop a holistic child health surveillance framework integrating developmental monitoring, 
behavioral screening, electronic health records, parental reporting mechanisms and risk-based analytics in a single 
system. Moreover, there is insufficient evidence on the effectiveness of such integrated surveillance models in 
improving early detection rates and the accuracy of referral [10]. 
 
1.2 Objectives 
The present study aims to address these gaps through the following objectives: 
1. To examine existing child health surveillance approaches for developmental and behavioral disorders. 
2. To develop an integrated surveillance framework incorporating developmental screening, behavioral assessment, 

and digital health technologies. 
3. To evaluate the effectiveness of the proposed framework in improving early detection and referral outcomes for 

developmental and behavioral disorders. 
 

2. Literature review  
Recent advances in child health surveillance have significantly improved early identification of developmental and 
behavioural disorders through the integration of digital health technologies, standardized assessments, and data-driven 
monitoring systems. Developmental surveillance continues to be an important aspect of pediatric care, as it provides a 
continuous assessment of the cognitive, behavioural, social, and physical development of children [11]. Today, research 
suggests that systematic developmental surveillance and implementation of validated screening tools can significantly 
improve detection of autism spectrum disorder (ASD), attention-deficit/hyperactivity disorder (ADHD), speech-language 
disorders, and learning disabilities [12]. 
  
The use of Electronic Health Record (EHR)-based surveillance systems has gained importance for tracking developmental 
milestones and identifying children at risk by analyzing longitudinal healthcare data [13]. In addition, school-based and 
community-based surveillance programs have improved the extent of surveillance by encouraging collaboration among 
health care providers, educators, and caregivers [14]. These multidisciplinary approaches improve referral pathways 
and access to early intervention services.  
 
Recent research has also investigated the application of artificial intelligence (AI) and machine learning techniques in 
pediatric developmental surveillance. AI powered models are able to analyze large scale clinical and behavioural data 
to predict developmental risks, facilitate diagnostic decision making, and prioritize high-risk children for specialist 
evaluation [15]. Wearable devices, mobile health applications, and telehealth platforms have further strengthened 
remote developmental monitoring, particularly for underserved populations [16].  
 
But a number of challenges still remain despite these advances. Challenges to surveillance include variability in screening 
implementation, lack of interoperability between health care systems, gaps in parental awareness, and concerns over 
data privacy [17]. Several existing studies also consider individual surveillance components, but not comprehensive 
frameworks that integrate developmental screening, behavioral assessment, electronic health record analytics, and AI-
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supported risk prediction. There is therefore a need for comprehensive surveillance models to improve the accuracy of 
early detection, the efficiency of referrals and long-term developmental outcomes. The present study addresses this 
gap by proposing an integrated child health surveillance framework using multidisciplinary assessment and digital health 
technologies. 
 

 
Figure.1. Evolution of Child Health Surveillance Approaches 

 
As shown in figure 1 the evolution of child health surveillance strategies from traditional clinical observation to advanced 
AI-based predictive surveillance is illustrated. The evolution shows how surveillance systems have become more and 
more data-driven and technology-enabled. Standardized measures, electronic health records, and artificial intelligence 
are being used to improve early identification, risk estimation, diagnostic accuracy, and timely treatment of childhood 
developmental and behavioural disorders. 
 

  3. Methodology 

3.1 Research Design 
This study employed a mixed-methods research design, combining quantitative analysis of child health surveillance data 
with a qualitative assessment of implementation practices in pediatric healthcare settings. Quantitative aspects 
included developmental screening results, behavioural assessment, and risk classification measures, while qualitative 
aspects included healthcare providers’ experiences, parental engagement, and referral efficacy. Holistic insights into 
healthcare surveillance systems are generated by mixed-methods approaches, which combine statistical evidence with 
contextual knowledge [18]. 
 
The surveillance framework included a total of 5,000 children aged 0–12 years. Data were collected from pediatric 
clinics, community health centers and educational institutions during a 24 month observation period. To improve the 
accuracy of detection and reduce the delay in diagnosis, various sources of information were combined, such as clinical 
assessments, caregiver reports, teacher observations, and electronic health records (EHRs) [11].  
 
3.2 Surveillance framework 
The proposed surveillance model consisted of four sequential phases to support early detection and intervention.  
Phase 1: Routine Monitoring 
Children’s growth patterns, developmental milestones and behavioural characteristics were continuously observed as 
part of routine surveillance during regular healthcare visits.  
 
Phase 2: Screening (Standardised)  
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Use of validated developmental and behavioural screening tools on a periodic basis. Parent-reported questionnaires 
and clinician-administered assessments revealed developmental concerns. 
 
Phase 3: Risk Stratification 
Children were classified into Low-Risk, Moderate-Risk, and High-Risk using an integrated risk assessment model that 
incorporated developmental scores, behavioural indicators, and clinical observations.  
 
Phase 4: Specialist Evaluation 
Children with moderate- to high-risk were referred to multidisciplinary specialists, including developmental 
pediatricians, child psychologists, speech therapists and pediatric neurologists for comprehensive diagnostic evaluation 
[15]. 
 

 
Figure.2. Proposed Surveillance Workflow 

 
As shown in figure 2 describes the proposed workflow for child health surveillance for early detection of developmental 
and behavioral disorders. Routine surveillance and standardized screening of children and risk reduction by low, 
moderate and high-risk groups. Children are either monitored on an ongoing basis, referred for further assessment or 
sent to a specialist, depending on the level of risk, to make sure they are diagnosed and treated promptly. 
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Figure.3. Risk Assessment Architecture 

 
As shown in figure 1 shows the Risk Assessment Architecture for early identification of developmental and behavioral 
disorders. Clinical data, parent data, teacher data and developmental assessment data are combined and put into a 
centralized risk engine. The system processes combined information to classify children into appropriate risk categories, 
facilitating timely screening, referral decisions and targeted intervention planning. 
 

Table.1. Developmental Domains Assessed 

Domain Assessment Indicators 

Cognitive Learning ability, memory, problem-solving 

Language Speech development, communication skills 

Motor Fine motor and gross motor coordination 

Social Peer interaction, social responsiveness 

Behavioral Attention, emotional regulation, conduct 

 
Table.2. Surveillance Activities Across Phases 

Phase Activity Outcome 

Phase 1 Routine Monitoring Early developmental observations 

Phase 2 Standardized Screening Identification of potential concerns 

Phase 3 Risk Stratification Classification into risk categories 

Phase 4 Specialist Evaluation Diagnostic confirmation and referral 

 
Table.3. Risk Classification Criteria 

Risk Level Developmental Score Recommended Action 

Low Risk ≥ 80% Continue routine monitoring 

Moderate Risk 60–79% Additional assessment 

High Risk < 60% Immediate specialist referral 

 
Using multiple sources of data to address a surveillance framework for comprehensive developmental and behavioral 
health assessment. Our proposed methodology is aimed at combining routine monitoring with standardized screening 
and multidisciplinary evaluation in order to allow the timely identification of children in need of intervention and 
improve the overall effectiveness of surveillance.  

 
 4. Dataset and Parameters  
The sample was composed of 5,000 children aged 0-12 years, collected from pediatric clinics, community health centers 
and developmental screening programs over a 24-month period. Data collected included demographic information, 
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developmental assessment scores, behavioral screening scores, clinical observations, and caregiver reports. To ensure 
the diversity and generalizability of the results, the sample included both urban and rural populations. To allow for 
systematic monitoring and identification of risk, surveillance parameters were defined. Developmental screening was 
done every six months with three-month follow-up assessments for children at risk. Risk stratification thresholds and 
referral criteria were applied according to standardized pediatric surveillance guidelines [11,12]. 
 

Table.4. Dataset Characteristics 

Variable Description 

Sample Size 5,000 children 

Age Range 0–12 years 

Gender Male/Female 

Geographic Coverage Urban and Rural 

Observation Period 24 months 

 
Table.5. Surveillance Parameters 

Parameter Value 

Screening Frequency Every 6 months 

Follow-up Interval 3 months 

Risk Threshold ≥75th percentile 

Referral Rate Threshold ≥20% 

Intervention Monitoring 12 months 

 

 
Figure.4. Dataset Distribution 

 

5. Results & Discussion 
Outcomes from developmental screening, behavioural assessment and risk stratification from 5,000 children were used 
to evaluate the proposed child health surveillance framework. Results show significant improvements in early detection, 
referral accuracy and diagnostic efficiency over traditional monitoring approaches. Use of developmental screening 
tools, electronic health records, and multidisciplinary assessment was associated with improved detection performance 
and reduced delays in intervention. The results emphasize the importance of robust surveillance systems to support 
early diagnosis and improve healthcare decision-making for developmental and behavioral disorders. 
 

Table.6. Detection Performance 

Metric Conventional Proposed Framework 

Sensitivity 71% 89% 

Specificity 78% 91% 

Referral Accuracy 69% 88% 

Early Detection Rate 62% 90% 

 
Table 5 shows that the proposed surveillance framework performs better than the conventional approaches. Sensitivity 
improved from 71% to 89%, indicating a better identification of children with developmental concerns. The specificity 
also increased from 78% to 91%, therefore decreasing false positive classifications. referral accuracy improved by 19 
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percentage points and the rate of early detection was significantly improved from 62% to 90%. These findings indicate 
that the use of multiple surveillance components enhanced screening reliability and diagnostic performance. 
 

 
Figure.5. Detection Rate Comparison 

 
As shown in figure 5 shows the performance comparison of conventional and proposed surveillance models. The 
proposed framework consistently outperformed the traditional monitoring in all the performance indicators with 
special emphasis on early detection and referral accuracy. The substantial improvement illustrates the benefits of 
combining developmental screening, behavioral measures, and digital health data in a single surveillance system. 
 

Table.7. Disorder Detection Outcomes 

Disorder Cases Identified 

ASD 312 

ADHD 487 

Speech Delay 624 

Learning Disabilities 411 

Behavioral Disorders 528 

 
Table 7 shows the distribution of developmental and behavioral disorders identified through the surveillance 
framework. The largest category was speech delays (624 detected), followed by behavioral disorders (528) and ADHD 
(487). Learning disabilities accounted for 411 cases, and ASD accounted for 312 cases. The results show that wide 
surveillance can provide information on a variety of developmental conditions that require early intervention and 
specialized care. 

 
 

Figure.6. Referral Outcome Analysis 

 



195 
 

195 
 

Adolescencia e Saude, vol. 21, No. 2s, p. 188-195 

Figure 6 shows the referral pathway from initial screening to enrollment in an intervention. After routine surveillance 
and screening, children identified as positive cases were referred for specialist evaluation. Confirmed diagnoses 
thereafter resulted in participation in interventions. The figure shows how well-structured referral pathways can help 
maintain continuity of care and reduce the time lag between detection and treatment initiation.  

 
 6. Discussion 
The results show that the proposed integrated surveillance framework significantly improves the detection of 
developmental and behavioral disorder compared to the traditional monitoring systems. Higher screening accuracy is 
reflected by a better sensitivity and specificity, and a higher referral accuracy supports a more efficient use of health 
care resources. The combination of electronic health records, parent observations, teacher feedback and standardized 
assessments allowed for comprehensive evaluation of risk and early identification. Additionally, multidisciplinary 
collaboration allowed for early referral and intervention planning. These findings are consistent with earlier studies 
highlighting the significance of comprehensive surveillance strategies in enhancing developmental outcomes and 
fortifying pediatric healthcare systems. 
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