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ABSTRACT 
 
 

Maternal Mortality Ratio (MMR) remains a strategic issue 
in Indonesia's national health system. Efforts to reduce 
MMR are often hindered by the slow early detection of high-
risk pregnant women at primary healthcare facilities. To 
bridge this gap, this study developed "Bunda Dini", a web-
based Decision Support System (DSS) integrating a 
predictive machine learning model. The application was 
built using the framework Laravel and MySQL database 
management system. The system architecture was 
designed with a multi-tenant approach, enabling secure 
data isolation between various clinics or hospitals, as well 
as structured access permissions for Midwives, 
Obstetricians, Clinic Admins, and Super Admins 
(Developers). The system's inference engine is powered by 
an optimized Extreme Gradient Boosting (XGBoost) 
algorithm, which has been proven capable of classifying 
pregnancy risk levels based on six vital parameters with an 
accuracy rate of 84.24% and a high-risk class Recall 
reaching 96.36%. Key features of the application include an 
intelligent anamnesis form, risk level visualization real-
time, as well as a comprehensive reporting module 
supporting patient data recapitulation in both PDF and 
Excel formats. Test results show that the system interface is 
highly responsive, easy for medical staff to use, and 
guarantees the confidentiality of medical records across 
clinics. The implementation of the "Bunda Dini" web 
platform has high potential to become a reliable medical 
triage instrument, accelerating emergency obstetric care 
responses, and directly contributing to efforts to reduce 
maternal mortality. 
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INTRODUCTION 
 

Maternal health is an essential pillar in public health development. The Maternal 

Mortality Ratio (MMR) in Indonesia, despite showing a declining trend over recent 

decades, remains relatively high compared to neighboring countries in the Southeast Asian 

region(Group, 2020),(Salim et al., 2024),(Straw et al., n.d.). Maternal deaths are frequently 

triggered by obstetric complications such as preeclampsia, postpartum hemorrhage, and 

infections, which actually exhibit clinical manifestations and can be detected as early as 

the pregnancy phase (antenatal)(Pambudi & Srirahayu, 2020)(Tan et al., 2023)(Mosca et 

al., 2025). The main field constraint, particularly in primary healthcare facilities (FKTP) 

such as maternity clinics and Community Health Centers (Puskesmas), is the high workload 

of healthcare professionals and the lack of standardization in holistic medical record 

analysis (Hamidah, 2024)(Derksen et al., 2025). Consequently, pregnant women with 

hidden risk factors are often missed from intensive observation and experience delays in 

receiving medical referrals. 
The rapid development of Artificial Intelligence (AI) and Machine Learning 

technology has offered computational solutions capable of automatically mapping complex 

medical risk patterns(Jajang Jaya Purnama, Nina Kurnia Hikmawati, 2024)(Mondal et al., 

2023)(Chen et al., 2024). Predictive classification models, particularly gradient boosting-

based algorithms like XGBoost, have proven effective in processing tabular clinical data 

to identify abnormality probabilities(Murtiningsih et al., 2025)(Villar et al., 

2024)(Chevalier & Côté, 2025). However, the existence of sophisticated machine learning 

models on paper or within research laboratory environments (Jupyter Notebook) will not 

deliver real-world impact to society unless implemented in the form of end-user 

applications easily accessible to medical personnel(Du et al., 2023)(Niu et al., 

2024)(Cockburn et al., 2024)(Vemulapalli et al., 2024).  

Many prior studies have focused solely on evaluating algorithm metrics without 

offering a functional software prototype(Virginia Khoirunnisa, 2023)(Rahagiyanto et al., 

2025)(Sari & Pramono, 2024). Therefore, this study aims to bridge this gap by designing 

and implementing a web-based Decision Support System (DSS) named "Bunda Dini". This 

system is specifically designed to integrate the predictive XGBoost model into an 

interactive, multi-user, and secure web interface. By using the Bunda Dini web platform, 

Midwives and Doctors can directly input vital patient parameters and receive health risk 

level recommendations in real-time. Furthermore, the system is equipped with multi-tenant 

management capabilities to ensure patient medical record data is securely isolated based 

on the clinic or hospital where the medical staff operates. 

 

RESEARCH METHOD 
 

This research utilizes a structured software development methodology to convert 

machine learning models into a functional web application. The development process 

adopts the Software Development Life Cycle (SDLC) model with an Agile approach, 

allowing dynamic feature iterations. The sequence of research steps, from dataset collection 

to full web application launch, is depicted in the flowchart (Figure 1) below: 

https://creativecommons.org/licenses/by-sa/4.0/
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Figure 1. Research Methodology Flowchart 

 

The diagram above outlines six essential phases in this research. The first phase 

focuses on collecting pregnancy medical record datasets. Next, data preprocessing is 

applied to handle anomalies, followed by feature engineering to enrich predictors. Given 

that medical data is frequently imbalanced, the class balancing phase is conducted using 

the SMOTE technique. Once the data is prepared, comparative machine learning algorithm 

models are trained and evaluated for performance. The final phase is integrating the 

optimized model into a functional web application ready for testing. 
 

System Architecture 

The "Bunda Dini" web application was built using the Model-View-Controller 

(MVC) architecture leveraging the PHP-based framework Laravel 11 configured to work 

with a relational MySQL database. The core prediction logic is integrated such that user 

input data from the browser is forwarded by the Controller to the classification service 

(containing rules derived from XGBoost), which then returns a prediction value 

categorized as: "Low Risk", "Medium Risk", or "High Risk". 
 

Multi-Tenant Design and Authorization 

A crucial factor in health information systems is the confidentiality of patient 

medical records. Therefore, the system was built with a multi-tenant concept to isolate 

databases (database) between health institutions. The system strictly regulates three levels 

of access rights (Role-Based Access Control): 
a. Level 1 Access (Midwives & Obstetricians): This entity acts as the frontliner of medical 

services (frontliner). They are granted specific authorization to access the predictive 

diagnosis form and input vital parameters (blood pressure, blood glucose, etc.) of 

patients in person. Midwives and Doctors can only view, add, or print medical record 

histories of patients receiving care at the clinic or hospital to which they are assigned. 
b. Level 2 Access (Clinic/Facility Admin): This entity acts as a facility-level manager. 

Clinic Admins do not perform prediction inputs; instead, they monitor all diagnostic 

records conducted by midwives and doctors within their facility. They possess the 

authority to export comprehensive reports in PDF or Spreadsheet formats for 

submission to clinic management or the District Health Office. The system guarantees 

that Clinic Admin "A" will never be able to access patient data from Clinic "B". 
c. Level 3 Access (Super Admin / Developer): The apex entity holding technical control 

over the system. The Super Admin is responsible for reviewing machine learning 

performance metrics and summarizing cross-clinic data traffic. They can view 
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aggregated data from all registered tenants for system auditing and advanced research 

development purposes. 
 

Key Feature Implementation 

Below is the visualization of the "Bunda Dini" application interface supporting 

medical operations: 

 

 
Figure 2. Bunda Dini Application Login Page Interface 

 

a. Intelligent Diagnosis Interface: form An interactively and ergonomically designed form 

to accelerate the input of 6 essential parameters (Age, Systolic, Diastolic, Blood 

Glucose, Body Temperature, and Heart Rate). 

 
Figure 3. Clinical Parameter Input Form 

 
b. Result Visualization: The system instantly translates classification results into an 

intuitive color palette (Green for safe, Yellow for caution, Red for high risk) along with 

specific medical follow-up recommendations. 
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Figure 4. Risk Prediction Analysis Result Interface 

 
c. Executive Reporting System: Diagnostic summary data export feature in PDF document 

and Excel spreadsheet formats for auditing purposes or referrals to higher-level 

hospitals. 

 
Figure 5. Data Recapitulation and Report Printing Page 

 

RESULTS AND DISCUSSION 
 

The "Bunda Dini" system has been successfully implemented and comprehensively 

tested, both in terms of interface functionality and authorization routing logic accuracy. 
 

User Interface and Diagnosis Process 

The User Interface (UI) is designed prioritizing clean aesthetic principles and User 

Experience (UX). The Login and Register pages are facilitated with credential validation 

and security features such as show/hide password (eye toggle feature). Once users (e.g., 

Doctors) log into the system, they are presented with the main page featuring the Intelligent 

Diagnosis Form. When clinical parameters are submitted, the "Analyze Now" button 

executes backend computations. The system's execution speed is highly optimal, displaying 
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risk category results (such as High Risk) instantaneously on screen, complete with 

emergency referral warnings if patient parameters exceed normal thresholds. This strongly 

supports the Standard Operating Procedure (SOP) for obstetric emergencies. 

 
Successful Multi-Tenant Data Isolation 

One of the major technical achievements in this web development is the validation 

of the multi-tenant feature. Testing was conducted using a scenario involving two different 

health facilities, for instance, "Bahagia Clinic" and "Bunda Hospital".  
When a Midwife from Bahagia Clinic inputs data, the system automatically 

attaches the clinicname identity "Bahagia Clinic" to that medical record entry. When an 

Admin from Bunda Hospital accesses the Reports & Charts panel, they will not see a single 

trace of data from Bahagia Clinic. This horizontal data isolation horizontal ensures 

compliance with medical confidentiality ethical codes. Meanwhile, accounts with the Super 

Admin role successfully bypass tenant boundaries to observe nationwide pregnancy risk 

distribution metrics. 

 
Reporting Functionality (PDF and Excel) 

The system includes an interactive Report panel for Admins and Super Admins. 

Prediction history data is presented in historical tables. To support healthcare facility 

performance reporting to the District Health Office, the Export feature facilitates 

converting tables into Portable Document Format (PDF) or Microsoft Excel files. The 

generated reports are not mere data dumps, but neatly formatted reports containing essential 

metadata such as inspection dates, doctor STR/SIP license numbers, and individual patient 

vital sign details. The inclusion of professional titles (such as dr. Sp.OG or S.Tr.Keb) on 

exported outputs adds legitimacy for formal administrative purposes. 

 
Black Box Testing 

To guarantee application quality and reliability before full operation, software 

testing was conducted using the Black Box Testing method. This testing focused on 

fulfilling interface functionality (input/output), routing logic accuracy, and access control 

restriction in accordance with multi-tenant concepts. The test results are summarized in 

Table 1 below: 
 

Table 1. Black Box Testing Results 
No Test Scenario Input (User Action) Expected Result Actual Result Status 
1 Multi-Role 

Login 

Validation 

Entering valid email 

and password with 

various access rights 

(Admin/Midwife) 

The system routes the 

user to the dashboard 

page corresponding to 

their respective role. 

User is routed to the correct 

path, navigation menu 

adapts. 

Valid 

2 Prediction 

Testing 

(Frontliner) 

Midwife enters 6 

clinical parameters 

and presses the 

'Analyze' button 

System processes data 

via XGBoost algorithm 

and displays pop-up / 

risk result page. 

Result page appears in under 

3 seconds with medical 

recommendations. 

Valid 

3 Query Scoping 

Testing 

(Tenant) 

Clinic 'A' Admin 

attempts to view 

patient data report 

table 

Report table only 

displays data generated 

by staff from Clinic 'A'. 

Patient data from Clinic 'B' 

is not displayed horizontally. 
Valid 

4 Prediction 

Route 

Authorization 

Clinic Admin forces 

manual access to 

`/prediction` URL 

route 

System denies access 

and displays warning 

message that Admin is 

unauthorized. 

Page is denied (Access 

Denied) and redirected back 

to dashboard. 

Valid 

5 Data Export 

Functionality 
Pressing 'Print PDF' 

and 'Export Excel' 

buttons on recap page 

.pdf or .xlsx file 

downloads with table 

data identical to web 

display. 

File downloads successfully 

and column structure is 

aligned (midwife/doctor 

name included). 

Valid 
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Overall, all test scenarios for functionality and routing logic were successfully met 

(Valid), proving that the role-based data protection mechanism functions properly and is 

ready for real-world deployment. 

 
Discussion on Clinical Significance 

The development of the Bunda Dini application demonstrates that even complex 

computational models can be translated into user-friendly web services . By combining the 

backend model's accuracy backend (boasting a high-risk Recall of 96.36%) with frontend 

accessibility across handheld devices at Community Health Centers, this system empowers 

field healthcare workers. Village midwives now possess a validation instrument based on 

massive historical data (second opinion) prior to making decision referrals for pregnant 

women to hospitals.  
 

CONCLUSION 
 

This research has yielded tangible outcomes in the form of the "Bunda Dini" web 

application, an integrated Decision Support System (DSS) innovation in midwifery care. 

The system successfully combines machine learning technology with modern web 

framework capabilities to deliver real-time maternal risk classification . The 

implementation of a multi-tenant architecture ensures that the web platform is scalable and 

can be used by hundreds of distinct clinics simultaneously without concerns regarding 

inter-institutional data leakage. Furthermore, flexible reporting features (PDF/Excel) 

address medical administrative requirements. Mass adoption of the Bunda Dini system 

across primary healthcare facilities is projected to boost early pregnancy risk detection 

percentages, streamline critical medical referral workflows, and progressively contribute 

to systemic maternal mortality reduction missions. 
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