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and improved parental engagement in monitoring and supporting child
development. Conceptually, this work contributes to bridging digital health
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1. INTRODUCTION

Child growth and cognitive development are critical determinants of long-term health outcomes and
human capital formation, particularly during early childhood stages. Monitoring these aspects is essential to
detect developmental delays, nutritional deficiencies, and potential health risks at an early stage. However,
traditional monitoring approaches in community health services, such as Posyandu, often rely on manual
recording systems that are prone to inefficiencies and data inaccuracies. The rapid advancement of digital
health technologies has created new opportunities to enhance monitoring systems through web-based platforms

Journal homepage: https://journal.cvrkmg.com/index.php/jitse/index


https://creativecommons.org/licenses/by-sa/4.0/

16 0 ISSN: XxXXX-XXXX

and interactive multimedia solutions. Recent studies indicate that digital platforms enable real-time access to
child growth data, improving early detection and intervention processes [1], [2]. Furthermore, integrating
multimedia learning environments can enhance children’s cognitive development through interactive
engagement and experiential learning [3], [4]. Despite these advancements, many existing systems focus
primarily on physical growth indicators without adequately integrating cognitive development aspects. This
limitation highlights the need for a comprehensive system that combines health monitoring with educational
support. Therefore, the development of an integrated web-based interactive system becomes increasingly
relevant in addressing these challenges.

Recent research has explored various digital approaches for child growth monitoring and early
childhood development. Web-based growth monitoring systems have been developed to facilitate real-time
tracking of anthropometric data, enabling both parents and healthcare providers to access structured
information efficiently [1], [2]. Mobile-based applications have also been introduced to support early detection
of stunting and developmental delays using agile development approaches [5], [6]. In addition, IoT-based
systems and Al-driven models have demonstrated promising capabilities in improving accuracy and predictive
analysis in child growth monitoring [7]. Meanwhile, interactive multimedia platforms have been widely
adopted in early childhood education to enhance cognitive skills such as problem-solving, memory, and
attention [3], [8]. Studies also highlight the role of digital health applications in increasing parental engagement
and awareness in child development processes [9]. However, most existing systems are developed as
standalone solutions, focusing either on health monitoring or educational functions. The lack of integration
between these domains limits their effectiveness in addressing holistic child development needs. Consequently,
there is a growing research trend toward developing integrated digital platforms that combine health and
education features.

Despite the increasing number of digital health and educational applications, several critical gaps
remain unaddressed. First, most existing web-based systems emphasize anthropometric measurements such as
weight and height, with limited support for cognitive development monitoring [2], [5]. Second, many
applications lack interactive multimedia features that can actively engage children in learning processes while
supporting developmental stimulation [4], [8]. Third, integration between health information systems and
educational modules is still minimal, resulting in fragmented user experiences for parents and caregivers.
Moreover, previous studies often focus on system development without comprehensive evaluation of usability
and user acceptance [1], [9]. Another limitation is the lack of user-centered design approaches, which are
essential for ensuring system effectiveness and adoption in real-world contexts. In addition, scalability and
accessibility issues remain challenges, particularly in low-resource communities. These gaps indicate the need
for a more holistic, user-centered, and integrated system. Therefore, this study addresses these limitations by
proposing a unified web-based interactive system.

This study aims to design and evaluate a web-based interactive system for monitoring child growth
and supporting cognitive development. Specifically, the research seeks to develop a system that integrates
anthropometric monitoring features with interactive learning modules. The system is designed to provide real-
time access to child growth data, enabling parents and healthcare providers to make informed decisions.
Additionally, the study aims to incorporate multimedia-based learning content to stimulate cognitive
development in early childhood. Another objective is to evaluate the system’s functionality, usability, and user
acceptance through empirical testing. The study also intends to assess the accuracy of the system’s calculations
compared to manual methods. Furthermore, the research adopts a user-centered design approach to ensure that
the system meets user needs effectively. By achieving these objectives, the study contributes to the
advancement of digital health and educational technologies. Ultimately, the research aims to provide a scalable
and practical solution for integrated child development monitoring.

This study contributes to both theoretical and practical domains in several ways. First, it proposes an
integrated framework that combines child growth monitoring and cognitive development within a single web-
based platform. Second, the study introduces the use of interactive multimedia as a tool for enhancing early
childhood learning experiences. Third, it provides empirical evidence on the effectiveness of web-based
systems in improving parental engagement and awareness [1], [9]. Fourth, the research demonstrates the
applicability of user-centered design in developing integrated health education systems. Fifth, it offers a
validated system model that can be adopted and scaled in community health services. In addition, the study
contributes to the growing body of literature on digital health transformation and e-learning integration. The
findings also highlight the potential of web-based technologies in addressing challenges in early childhood
development monitoring. From a practical perspective, the system can support preventive healthcare strategies
and early intervention programs. Therefore, this research provides a significant step toward developing
sustainable digital solutions for child health and education.
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2. RESEARCH METHOD
2.1. Research Design

This study adopts a design and development research (DDR) approach combined with a user-centered
design (UCD) framework to develop and evaluate a web-based interactive system for child growth monitoring
and cognitive development. The research is structured into iterative stages, including requirement analysis,
system design, development, implementation, and evaluation. The UCD approach is employed to ensure the
system aligns with user needs, particularly those of parents and caregivers, by involving them in the evaluation
phase. This approach is widely used in digital health and educational system development due to its
effectiveness in improving usability and user acceptance. Additionally, the study integrates aspects of health
informatics and interactive multimedia learning to ensure both functional and educational objectives are
achieved. The research also incorporates quantitative and qualitative evaluation methods to validate system
performance and usability. The overall design emphasizes practicality, scalability, and accessibility in real-
world contexts. Therefore, this study not only focuses on system development but also empirically evaluates
its effectiveness.
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Figure 1. Research Framework Diagram

The research framework begins with problem identification, focusing on limitations in traditional
child growth monitoring systems. It then proceeds to a literature review to establish theoretical and empirical
foundations. The next stage is system design, where a user-centered approach is applied to ensure usability.
This is followed by system development, where the application is implemented using web and multimedia
technologies. After development, the system undergoes functional testing using blackbox methods.
Subsequently, user evaluation is conducted to assess usability and acceptance. The collected data are then
analyzed using descriptive statistical methods. Finally, the research concludes with findings and
recommendations. This structured framework ensures a systematic and replicable research process.

2.2. System Development Method

The system development process follows a modified Waterfall model integrated with User-Centered
Design (UCD) principles. The first stage involves requirement analysis, where system needs are identified
based on literature review and problem identification in child growth monitoring practices. The second stage
is system design, which includes designing system architecture, database structure, user interface, and
navigation flow. The third stage is implementation, where the system is developed using PHP for web
functionality and multimedia tools for interactive learning modules. The fourth stage is testing, conducted using
blackbox testing to ensure functional correctness across different browsers. The final stage is evaluation, where
user feedback is collected through questionnaires to assess usability and usefulness. This hybrid approach
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ensures both technical robustness and user satisfaction. The integration of multimedia elements enhances
interactivity and supports cognitive learning processes. Thus, the development method ensures a balance

between system functionality and user experience.

Requirement
Analysis

o System Design

o Implementation

o Testing
(Blackbox Testing)

P
e Evaluation
(User Evaluation)

« Literature review

« Problem identification in
child growth monitoring
practices

« Identify user needs
(parents, health workers)

+ Define functional and
non-functional
requirements

=8
« System architecture
design
« Database structure
design
« User interface (Ul) design
« Navigation flow design

+ Define system
components

</>O

« Develop web system
using PHP

+ Implement database

« Integrate multimedia
tools for interactive
learning modules

« Build all system
functionalities

« Functional testing using
blackbox approach

« Test all features and
modules

« Cross-browser testing
(Chrome, Firefox, Edge,
Opera)

« Ensure functional
correctness

« Collect user feedback
through questionnaires

« Assess usability,
usefulness, and
satisfaction

« Analyze results

« Identify improvement
areas

J \

LY A A A f
1
1

| 1 ]
s I e s e e User-Centered Design (UCD) Principles | e e B s
J Specify Context of Use =20 Evaluate with Users
( ) Define user tasks User testing and
feedback

and system goals

Design Solutions

Create design
—— alternatives

0Q @ Understand Users
Cmﬁ Identify user needs

and context

/\ Iterate
b Refine design based

on user feedback

Iteration & Continuous Improvement

Figure 2. System Development Process Using Modified Waterfall Model Integrated with User-Centered
Design (UCD)

2.3. Data Collection Methods

Data collection in this study consists of both primary and secondary data sources. Primary data are
obtained through user testing involving respondents (parents) who interact directly with the system. A
structured questionnaire is used to measure user perceptions regarding usability, usefulness, and satisfaction.
Secondary data are collected from literature sources, including scientific journals and health guidelines related
to child growth and development. Additionally, system-generated data such as calculation outputs are used to
validate accuracy against manual methods. The questionnaire adopts a Likert-scale format to quantify user
responses systematically. Data collection is conducted after the system implementation phase to ensure users
interact with a fully functional prototype. The combination of these data sources allows for a comprehensive
evaluation of both system performance and user acceptance. This approach strengthens the empirical validity
of the study. Therefore, data collection is designed to support both technical and user-centered evaluation.

2.4. System Evaluation Techniques

The evaluation of the proposed system is conducted using two main approaches: functional testing
and user evaluation. Functional testing is performed using the blackbox testing method, which focuses on
verifying system functionality without considering internal code structure. This ensures that all features, such
as growth calculation and multimedia modules, operate correctly. User evaluation is conducted using
questionnaire-based assessment to measure usability and user satisfaction. The evaluation focuses on key
indicators such as ease of use, usefulness, system performance, and user engagement. The results are analyzed
using descriptive statistical methods to identify trends and overall system acceptance. Additionally, system
outputs are compared with manual calculations to ensure computational accuracy. This dual evaluation
approach ensures both technical reliability and user acceptance. The evaluation process provides evidence of
system effectiveness in real-world scenarios. Therefore, the system is validated from both functional and
experiential perspectives.
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Figure 3. Evaluation Framework of the Proposed System Using Functional Testing and User Evaluation

3. RESULTS AND DISCUSSION
3.1. System Implementation Results

The developed system integrates child growth monitoring and cognitive learning into a unified web-
based platform. The system consists of several core modules, including nutritional status assessment, ideal
body weight calculation, interactive learning modules, and health information services. The implementation
results indicate that the system successfully operates across multiple web browsers, ensuring accessibility and
compatibility. The integration of multimedia components enhances user engagement, particularly for early
childhood learning activities. The architecture of the system follows a client-server model, where users interact
through a web interface connected to a centralized database and multimedia module. This integration allows
real-time processing and retrieval of child growth data. The system also ensures consistent data handling and
user interaction flows. Overall, the implementation demonstrates that the system meets the functional and
design requirements defined in the methodology phase.

3.2. System Architecture

The developed system integrates child growth monitoring and cognitive learning into a unified web-
based platform. The system consists of several core modules, including nutritional status assessment, ideal
body weight calculation, interactive learning modules, and health information services. The implementation
results indicate that the system successfully operates across multiple web browsers, ensuring accessibility and
compatibility. The integration of multimedia components enhances user engagement, particularly for early
childhood learning activities. The architecture of the system follows a client-server model, where users interact
through a web interface connected to a centralized database and multimedia module. This integration allows
real-time processing and retrieval of child growth data. The system also ensures consistent data handling and
user interaction flows. Overall, the implementation demonstrates that the system meets the functional and
design requirements defined in the methodology phase.
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Figure 4. System Architecture of the Web-Based Interactive System

3.3. Blackbox Testing Results

The blackbox testing results indicate that all system functionalities operate correctly across different
browser environments. This confirms that the system meets the functional requirements defined during
development. No critical errors were identified during testing, suggesting a high level of system reliability.
Cross-browser compatibility further strengthens the system's usability in real-world scenarios. These findings
are consistent with prior studies emphasizing the importance of robust web-based system performance.
Therefore, the system can be considered technically valid and ready for user deployment.

Table 1. Functional Testing Results (Blackbox Testing)

No System Function Chrome  Firefox Edge Opera Status
1  Homepage Navigation v v v v Valid
2 Nutritional Status Input v v v Valid
3 Ideal Weight Calculation v v v v Valid
4 Interactive Learning Module v v v v Valid
5  Recipe Information Module v v v v Valid
6  Health Information Access v v v v Valid
7  Health Center Location v v v v Valid

3.4. Accuracy Testing Results

The results show that the system produces outputs identical to manual calculations, confirming
computational accuracy. This is essential for health-related applications where precision is critical. The
consistency of results validates the reliability of the implemented algorithms. Moreover, accurate calculations
enhance user trust in the system. These findings support the system’s applicability in real-world health
monitoring contexts.

Table 2. Comparison of System and Manual Calculations

Parameter Manual Result  System Result  Difference
Nutritional Status Normal Normal 0
Ideal Weight (0—6 mo) X + (600xn) Same 0
Ideal Weight (6-12 mo) X + (500%n) Same 0
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Parameter Manual Result  System Result Difference
Ideal Weight (1-5 yr) (2n +38) Same 0

3.5. User Evaluation Results

The user evaluation results indicate high acceptance and satisfaction. Most respondents perceived the
system as helpful in monitoring child growth and supporting learning activities. The high percentages in the
“very helpful” and “helpful” categories suggest strong usability and relevance. The results also indicate that
integrating multimedia elements positively influences user engagement. These findings align with previous
research highlighting the effectiveness of interactive systems in early childhood development. Additionally,
the system demonstrates its potential to improve parental awareness and involvement. Therefore, the system is
not only technically valid but also socially impactful.

3.4. Limitations and Future Work

This study is limited to a single case, which may limit the generalizability of the findings. In addition,
the evaluation focuses primarily on functional and usability aspects without incorporating advanced statistical
validation or user acceptance modeling. Future research is recommended to apply the Technology Acceptance
Model (TAM) or UTAUT, expand the sample size to support broader validation, conduct a comparative
analysis (before vs. after system), enhance system security, and integrate mobile features.

Table 3. User Evaluation (Questionnaire Results)
Evaluation Aspect Very Helpful  Helpful Neutral Not Helpful

Content Usefulness 20% 80% 0% 0%
Learning Support 70% 30% 0% 0%
Ease of Use 60% 40% 0% 0%
System Performance 50% 50% 0% 0%

3.5. Discussion

The findings demonstrate that integrating health monitoring and interactive learning into a single web-
based platform provides significant benefits. From a technical perspective, the system achieves high functional
reliability and computational accuracy. From a user perspective, the system enhances engagement and
usability, particularly through multimedia features. Compared to previous studies, this research offers a more
holistic approach by combining health and educational functionalities. This integration addresses the research
gap identified in earlier sections. Furthermore, the system supports preventive healthcare by enabling early
detection of growth issues. The interactive learning modules also contribute to cognitive development, making
the system multifunctional. However, limitations remain, including the use of relatively small sample sizes and
older multimedia technologies. Future research should consider integrating modern frameworks and advanced
evaluation methods such as SUS or TAM. Overall, the study confirms that web-based interactive systems have
strong potential in improving child development monitoring.

4. CONCLUSION

This study successfully designed and evaluated a web-based interactive system that integrates child
growth monitoring with early cognitive development support, addressing the fragmentation commonly found
in existing digital health and educational applications. The results demonstrate that the proposed system
achieves high functional reliability, as evidenced by successful blackbox testing across multiple environments,
and strong computational accuracy through consistent alignment with manual calculation standards.
Furthermore, user evaluation indicates a high level of acceptance, confirming that the integration of interactive
multimedia significantly enhances user engagement and supports parental involvement in monitoring and
stimulating child development. The primary novelty of this research lies in the development of a unified
platform that simultaneously combines health monitoring (nutritional status and growth assessment) with
interactive cognitive learning modules, thereby bridging the gap between digital health systems and educational
technologies. From a scientific perspective, this study contributes to the advancement of interdisciplinary
research by integrating concepts from health informatics, human-computer interaction, and multimedia-based
learning into a single scalable framework. Practically, the system offers a promising solution for improving
preventive healthcare services and early childhood education, particularly in communities with limited access
to conventional health infrastructure. However, this study is limited by the use of relatively small sample sizes
and legacy multimedia technologies, which may affect scalability and long-term adaptability. Future research
is recommended to incorporate modern web and mobile frameworks, advanced usability evaluation models
such as the System Usability Scale (SUS) or Technology Acceptance Model (TAM), and real-time integration
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with national health databases or loT-based monitoring devices. Additionally, further studies should explore
the application of artificial intelligence for predictive analysis of child growth and development. Overall, this
research provides a strong foundation for the development of integrated digital platforms that can enhance both
health outcomes and cognitive development in early childhood, offering significant implications for future
smart healthcare and education ecosystems.
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