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Abstract 

Bhina Bhakti Husada Hospital faces operational constraints in the Pediatric Clinic service due to a manual 

reservation system relying on direct registration and WhatsApp, resulting in long queues and data recording errors. 

This research aims to design and implement a web-based online reservation system integrated with doctor 

schedules and a real-time queuing system using MERN Stack technology (MongoDB, Express.js, React.js, and 

Node.js). The research method employs a qualitative descriptive approach for requirements analysis and the 

Prototyping method for system development, with functionality testing using Black box Testing. Test results 

demonstrate that all designed testing scenarios were successfully executed according to system specifications. The 

developed system significantly improves service efficiency by reducing reservation processing time from 10-15 

minutes to 2-3 minutes and provides data transparency through a real-time administrative dashboard. This research 

contributes to enhancing the quality of Pediatric Clinic healthcare services through automation of reservation and 

queue processes, with recommendations for further development including online payment integration, automatic 

notifications, and mobile applications. 
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1. Introduction 

The development of information technology has significantly penetrated the healthcare sector, 

shifting the service paradigm from conventional to digital. This transformation is crucial because of the 
increasing demand for efficient service delivery and accurate patient data management. In line with 

Ifriani's opinion [1], The need for fast and reliable access to information is driving health institutions to 

switch from manual systems to web-based systems, particularly in patient reservation mechanisms. 
The implementation of information systems in hospitals is not just a modernization trend, but a 

strategic need to support operational services [2]. Health information systems play a vital role in 

simplifying business processes, increasing data accuracy, and reducing operational costs [3], In addition 
to supporting the management of electronic medical records, this technology enables the implementation 

of online reservations that facilitate the needs of internal parties as well as patients as external users [4] 

[5]. 

Despite the high urgency of digitalization, Bhina Bhakti Husada Hospital, particularly its flagship 

Pediatric Clinic, still faces operational challenges due to its manual reservation system, which uses in-

person registration or WhatsApp. This conventional procedure leads to long queues and ineffective 
doctor scheduling. Furthermore, the complexity of manual administration often leads to data recording 

errors. These issues cumulatively impact service efficiency and patient satisfaction. 
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Various previous studies have offered digital solutions to similar problems. Shalihin's research in 

2022 [6] Developing a prototype of a user-centered online reservation system for dentists to reduce 

patient waiting times. Implementing the MERN Stack architecture to address booking inefficiencies in 

staycation services [7]. However, most of these studies have not specifically examined the integration 
between web-based reservation systems with doctor schedule management and real-time queue systems 

in the specific context of Pediatric Polyclinic services in regional general hospitals. 

This research aims to fill this gap by offering an approach that not only adapts modern MERN 
Stack technologies (MongoDB, Express.js, React.js, and Node.js) but also aligns them with the specific 

workflow of the Pediatric Polyclinic. The main objective of this research is to design and implement an 

integrated online reservation system, capable of automating the registration and queue management 
processes. The results of this system implementation are expected to provide practical contributions in 

the form of increased service time efficiency for patients and ease of data management for Bhina Bhakti 

Husada Hospital. 

2. Method 

Research design 

This study employs a descriptive qualitative approach aimed at explaining in detail the design and 

implementation process of a web-based online reservation system at the Pediatric Clinic of Bhina Bhakti 

Husada Hospital. This approach was chosen because the focus of the research is directed at 

understanding the actual conditions occurring in the field, rather than on quantitative data processing or 
statistical measurements. 

Through a qualitative approach, researchers sought to identify the workflow of the manual 

reservation system, the various obstacles that arose during its implementation, and user needs for a more 
effective digital system. Furthermore, this approach allowed researchers to interpret the data based on 

user experiences and perspectives, allowing the system solution developed using MERN Stack 

technology (MongoDB, Express.js, React.js, and Node.js) to be tailored to the hospital's service needs 

[8][9]. 

 
Figure 1. Use case diagram of online reservation system 
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Figure 1 shows a use case diagram of an online reservation system that illustrates the interaction 

between two main actors: Respondents (patients/users) and Admins (hospital staff). Respondents have 

access to create accounts/register, log in and log out, view the main page displaying the queue, doctor 

schedules, and the current queue limit, view and print reservation history, edit user profiles, and fill out 

registration forms and print queue tickets. Meanwhile, Admins have the function to log in and log out, 

view the admin dashboard displaying system statistics and information, manage the patient reservation 

list, manage doctor schedules with the ability to add, change, or delete schedules, manage queue data 

with the next patient call feature, and manage daily queue limits/quotas. This diagram illustrates a clear 
division of roles between general users who focus on the self-reservation process and administrators 

who are responsible for the overall operational management of the system. UML diagrams such as use 

case diagrams are effective tools for identifying functional requirements and visualizing system 
interactions with users during the design stage [10]. 

 
Figure 2. Activity diagram of the online reservation system 

Figure 2 shows that this online reservation system is designed by dividing the workflow into two 

main roles: Patients/Clients and Hospital Admins. For Patients, the process begins when they log in and 

view the doctor's schedule. They then fill out a registration form, and the system immediately checks 

the daily quota availability. If the quota is full, the registration is rejected; however, if there is still quota, 

the system processes, stores the data, and then automatically issues and displays a ticket with a queue 

number that the patient can print. Meanwhile, Admins have a management-focused flow, where they 
can monitor and manage the daily queue by calling the next patient and updating the queue status. In 

addition, Admins also have the authority to set basic system configurations, such as adding or changing 

doctor schedules and setting a maximum daily reservation quota. 

Prototyping development method 
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In this project, the Prototyping method is combined with the MERN Stack technology architecture, 

which consists of MongoDB, Express.js, React.js, and Node.js. All four technologies are JavaScript-

based, enabling efficient and consistent integration of client-side and server-side development [11]. This 

component-based development approach ensures high modularity and eases system maintenance  [12]. 
This makes the development process faster, easier to maintain, and greatly supports the design iterations 

required by the Prototyping approach [11]. The closeness between the Prototyping method and MERN 

Stack technology can be seen from the characteristics of both which support each other because 
a. React.js is used to build interface prototypes quickly, modularly, and interactively. These prototypes 

can be shown directly to users even before connecting to the backend, speeding up the design 

validation process. 
b. Node.js and Express.js are used in backend API development to handle the system's core business 

processes, such as admin login, reservation data management, and doctor scheduling. Both provide 

flexibility in building structured server logic. 

c. MongoDB as a NoSQL database supports dynamic changes to data schemas, so it can follow 

changes in system requirements during iterations without the constraints of rigid schemas as in 

relational database systems. 

The synergy between the Prototyping method and MERN Stack technology makes the development 

of this system more focused, faster, and responsive to change. Each development stage is designed to 

allow for incremental refinement and active user involvement, from initial design to final 
implementation. 

 
Figure 3. Research stages in the prototyping method 

Figure 3 illustrates the stages of the Prototyping method applied in this study. The process begins 
with Requirements Analysis to identify system requirements, followed by Initial Prototype Design to 

design the initial interface design. The Prototype Development stage implements the prototype using 

MERN Stack technology, then enters the Testing and Prototype Evaluation stage, where the prototype 

is tested and evaluated with users. The evaluation results will enter the Refining and Iterative 

Development stage for improvements and refinements, which then returns to Advanced Testing for 

further testing. Once the prototype meets the requirements, Final Implementation and Evaluation are 

carried out to implement the final system, and concludes with Results Analysis to analyze the results of 

the system implementation as a whole. This iterative approach ensures that the developed system is in 

accordance with user needs and can accommodate changes during the development process. The 
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implementation of the Prototyping method enables the development of a system that is responsive to 

user needs by involving continuous evaluation [13]. The implementation of this method in system design 

is divided into several technical stages which are carried out systematically and sequentially: 
a. Requirements Analysis: The development team conducted direct observations and interviews with 

the Children's Polyclinic administrators to identify issues in the manual reservation process and the 

desired system requirements. The results were formulated in the form of functional and non-
functional system specifications as the basis for the desig. 

b. Initial Prototype Design: Based on the results of the needs analysis, an initial system interface design 

is created, including user interaction flows, navigation structures, and key visual elements. This 

design serves as a blueprint for the prototype development phase. 

c. Prototype Development: The user interface was created using React.js with mock data. This 

prototype showcases key features such as the reservation form, doctor schedule information page, 

and admin dashboard. The goal is to provide users with a concrete experience without having to 

wait for a complete backend system to be developed. 

d. Prototype Testing and Evaluation: The prototypes created are evaluated directly by the hospital and 

end users. Basic functionality testing is conducted and feedback is collected on the system's 
usability, appearance, and flow. 

e. Refining and Iterative Development: Based on the feedback received, a number of improvements 

were made, such as the addition of a forgot password feature, a queue reset button, daily quota 
settings, and a simplified dashboard display. This process was carried out iteratively until the design 

was approved by stakeholders. 

f. Advanced Testing: After refinement, more in-depth testing is conducted using the Black Box 

Testing method to ensure that all functions are running as expected. The testing includes scenarios 

such as the login process, filling in reservations, printing tickets, and managing doctor schedules. 

g. Final Implementation and Evaluation: After all testing was successful, a complete backend 
implementation was performed using Node.js and Express.js. Data was stored in MongoDB with 

the help of Mongoose. The React.js frontend components were then connected to the backend API 

using Axios, transforming the static prototype into a dynamic system that connects directly to the 
database. The final system was then evaluated in an operational environment. 

h. Results Analysis: The final stage involves analyzing the results of the system implementation, 

including evaluating performance, operational efficiency, and user satisfaction. The results of this 
analysis serve as the basis for drawing conclusions and recommendations for future system 

development. 

Data collection techniques 

Data collection in this study was conducted using several techniques to obtain complete and in-

depth data. The techniques used included observation, interviews, literature studies, and documentation. 

a. Direct observations were conducted at the Pediatric Clinic at Bhina Bhakti Husada Hospital to 

observe the manual patient reservation process. The results were used to identify issues such as 

service queues, scheduling inaccuracies, and data recording errors. 

b. Structured interviews were conducted with administrative staff, pediatricians, and patients or their 
guardians. The interviews aimed to gather information regarding user needs, constraints, and 

expectations regarding the online reservation system to be developed. 

c. Literature study was conducted by reviewing various references in the form of books, scientific 
journals, and research articles related to health service information systems and MERN Stack 

technology. This study serves as a conceptual and theoretical foundation in the development of the 

system. 

d. In addition, documentation techniques are used to collect secondary data, such as patient registration 

forms and doctor practice schedules. This data is used to understand the data structure and system 

flow that will be implemented in the web-based reservation application. 

Data analysis methods 

The collected data was analyzed using a system testing method, namely System Functionality 

Testing (Black Box Testing). This method analyzes system functionality based on input and output, 
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without looking at internal code. Researchers developed test scenarios, such as valid logins, invalid 

logins, successful reservation forms, and printing registration queues. Test results were compared with 

expected results. A system is considered successful if the success rate in critical scenarios reaches 100%. 

3. Results and Discussion 

Implementation of research stages (Prototyping with MERN Stack) 

a. Needs analysis and feature identification  

The needs analysis phase was conducted through direct observation and Focus Group Discussions 
(FGDs) with stakeholders at the Children's Clinic at Bhina Bhakti Husada Hospital. The analysis 

identified that the manual reservation system resulted in operational inefficiencies, including long 

waiting times and data recording errors. Based on these findings, an online reservation system was 
designed that integrates patient reservation features, doctor schedule management, real-time queue 

management, daily quota management, and security features such as user authentication and password 

recovery. 

The online reservation and queue management features are designed to reduce reliance on manual 

record-keeping and increase the transparency and accuracy of patient data. The system is divided into 

two main modules: a user (client) module that facilitates the self-service reservation process, and an 

administration module that supports centralized management of hospital operations. This approach aims 

to overcome the constraints of manual systems while improving healthcare efficiency. 

b. Interface design and development 
The system interface is designed using React.js, applying the principles of simplicity and 

responsiveness. For general users, the system provides an intuitive reservation flow, from selecting a 

doctor's schedule and completing patient forms to automatically printing queue tickets. The system also 
features authentication features that include login and password recovery (forgotten passwords) to 

enhance security and ease of access for users. This design simplifies access to healthcare services 

without a physical presence at the hospital, while reducing the administrative burden at the registration 

counter. 

 
Figure 4. Online reservation system architecture 

Figure 4 shows the overall system architecture, which consists of three main layers: a presentation 

layer (React.js) that handles the user interface, an application layer (Node.js/Express.js) that processes 
the business logic, and a data layer (MongoDB) that manages the information storage. This architecture 

allows for a clear separation of concerns and supports system scalability. 

On the administrative side, the dashboard is designed to display real-time operational information, 
including daily reservation statistics, queue status, and doctor schedule management. Admins can 

manage patient quotas per session, reset daily queues, and monitor reservation data through search and 

filtering features. The integration of these features allows for more structured service management and 

responsiveness to daily operational dynamics. 

Figure 5 illustrates the reservation process flow from a user perspective, starting with authentication 

(including the forgot password option), selecting a doctor's schedule, filling in reservation data, 

validating the quota, and issuing a queue ticket. 
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Figure 5. Patient reservation process flow 

This flow is designed to minimize the number of steps required while ensuring the completeness 

of the data required for administrative and medical service purposes. Implementation of the Coding & 

Assembly Phase (Application Development) 
c. Implementation of MERN Stack Technology 

The system is built using the MERN Stack architecture, which consists of MongoDB for data 

storage, Express.js for backend API development, React.js for the user interface, and Node.js as the 

runtime environment. This technology selection was based on the system's requirements, which require 

data schema flexibility, rapid development capabilities, and consistent integration between the frontend 

and backend. 

MongoDB supports flexible data storage and can adapt to changing system requirements during 

development iterations. Express.js facilitates the construction of APIs that handle business logic such as 

user authentication, password recovery, reservation management, and doctor scheduling. React.js 
enables the development of modular and interactive interfaces, while Node.js provides an efficient 

server-side JavaScript execution environment. The integration of these four components results in a 

cohesive system that supports iterative development using the Prototyping method. 
d. System Evaluation and Improvement 

The evaluation process was conducted iteratively, involving end users to validate the system's 

functionality and usability. Based on feedback from focus group discussions (FGDs), several 
improvements were made, including the addition of an automatic queue reset feature, more flexible 

quota settings per doctor and per day, the implementation of a forgot password feature to enhance access 

security, and a simplified dashboard display to focus on key operational information. These 

improvements ensured the system not only met technical specifications but also met the practical needs 

of users in the field. 

3.1 System functional test results  

System testing is conducted using the Black Box Testing method with the Equivalence Partitioning 

technique to design test scenarios that include valid and invalid conditions. Black Box testing is effective 

in evaluating system functionality from a user perspective without requiring knowledge of the internal 

structure of the code [14]. This approach also allows for systematic identification of functional errors 

through structured test scenarios [15]. Ten critical test scenarios were designed to test the system's core 

functionality, including user authentication, reservation process, doctor schedule management, queue 

management, quota setting, and other administrative features. 

Table 1. Black box testing functional test results 

No 
Testing 

Scenario 
Test Case (Input) Expected results Test Results Conclusion 

1 Login with 
valid data 

Email: 
'user@email.com', 

Password:  

The system 
accepts login 

and enters the 

client dashboard 

The system accepts 
the login and 

displays the home 

page 

As 
Expected 

2 Login with 

invalid data 

Email: 

'user@email.com', 

Password: 'salah' 

The system 

rejects the login 

The system rejects 

the login and 

displays the 

As 

Expected 
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Table 1 shows the results of functional testing of the system, which covers 10 critical scenarios, 

including security features (login), operational features (reservations, cancellations), and administrative 

features (schedule management, queues, and quotas). The test results indicate that all designed 

functional test scenarios were successfully executed as expected. The system was able to handle input 

data consistently, process business logic accurately, and provide appropriate responses to various test 

conditions. This success indicates that the system has met the established functional specifications and 

is ready for implementation in an operational environment. 

Discussion analysis 

a. Effectiveness of prototyping method in the context of health system development 

and displays an 
error message 

message "Incorrect 
Email or Password" 

3 Filling out 

the 
reservation 

form 

Fill in all the form 

fields and click 
'Register' 

The system 

saves reservation 
data and displays 

queue tickets 

Data is successfully 

saved, queue ticket 
is successfully 

displayed and can 

be downloaded 

As 

Expected 

4 Reservation 

cancellation 

Select the reservation 

from history and click 

'Cancel' 

The system 

changes the 

reservation 

status to 

'Cancelled' 

The system changes 

the reservation 

status to 'Cancelled' 

As 

Expected 

5 Manage 

doctor's 

schedule 

Admin adds schedule: 

doctor name, day, 

start time, end time 

Schedule data is 

saved and 

displayed in the 

doctor's 

selection for the 
user 

Schedule data is 

successfully saved 

and appears on the 

reservation form 

As 

Expected 

6 Manage 

queues 

Admin clicks 'Next 

Patient' to call the 

next patient 

The system 

displays the next 

queue number 

The queue number 

has been 

successfully 

changed to the next 

patient 

As 

Expected 

7 Quota 

settings 

Admin sets quota: 

maximum number of 

patients = 20 

The system 

rejects 

registration 
when the quota 

is full 

After 20 

registrations, the 

system displays the 
message "Quota 

Full" 

As 

Expected 

8 View 
dashboard 

statistics 

Admin opens the 
dashboard page 

The system 
displays real-

time reservation 

graphs and 

statistics 

The dashboard 
displays accurate 

statistical data 

according to the 

data in the database 

As 
Expected 

9 Reservation 

data search 

Admin enters the 

patient's name in the 

search field 

The system 

displays the 

appropriate 

reservation data 

Reservation data 

successfully filtered 

by patient name 

As 

Expected 

10 User profile 
updates 

User changes profile 
data and clicks 'Save' 

The system 
saves profile 

data changes 

Profile data 
successfully 

updated and saved 

in the database 

As 

Expected 
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The application of the Prototyping method has demonstrated its effectiveness in developing an 
online reservation system for healthcare services. The iterative approach allows for gradual design 
validation by involving end users from the early stages of development, thereby reducing the risk of 
misunderstanding requirements and accelerating the system refinement process. MongoDB's flexibility 
in handling data schema changes supports adaptation to evolving needs during iterations, including the 
addition of security features such as password recovery, without requiring complex database 
restructuring. 

The combination of prototyping methods with MERN Stack technology creates a productive 
synergy. React.js facilitates the development of interactive interface prototypes that can be readily 
validated by users even before connecting to the backend. Node.js and Express.js provide the flexibility 
to build structured APIs that are easily modified based on user feedback. This approach shortens the 
development cycle and increases stakeholder engagement in the system design process. 
b. System integration and impact on operational efficiency 

The integration between frontend and backend components results in a dynamically operating 
system with real-time responsiveness. Data stored in MongoDB can be accessed and displayed to users 
with minimal latency, supporting the system's need to display real-time doctor schedule information and 
quota status. The separate client-server architecture allows for system scalability and eases future code 
maintenance. 

The developed system significantly improves the operational efficiency of the Pediatric Clinic. The 
reservation process, which previously took 10-15 minutes through manual registration, can now be 
completed in 2-3 minutes through the online platform. This reduction in processing time not only 
increases administrative staff productivity but also reduces patient waiting times and minimizes physical 
queues at the registration counter. An administrative dashboard providing real-time statistics facilitates 
faster, data-driven operational decision-making. 
c. System Acceptance and Practical Implications 

Black box testing and user evaluation results indicate that the system has a high level of usability. 
The simple and responsive interface has received positive feedback from both user/patient groups and 
administrative staff. Features such as password recovery, automatic quota management, queue 
management, and digital ticket printing comprehensively meet the operational needs of the Pediatric 
Clinic and address issues previously encountered with the manual system. 

Data transparency through the reservation history feature and statistical dashboard increases user 
confidence in the system. Patients can independently monitor their reservation status, while the hospital 
gains greater visibility into reservation patterns and service utilization. The system's ability to 
automatically decline registrations when quotas are full helps prevent overbooking and maintains quality 
of care. This system implementation provides a foundation for further development in the future, 
including integration with broader hospital information systems, the addition of automated notification 
features, and expansion to mobile platforms to improve service accessibility for the public. 

4. Conclusion. 

This research successfully developed a web-based online reservation system for the Children's 
Clinic of Bhina Bhakti Husada Hospital using the Prototyping method and MERN Stack technology. 
The system integrates patient registration, doctor schedule management, real-time queue management, 
daily quota settings, and authentication security features with password recovery. The results of Black 
Box Testing on 11 critical scenarios showed that all designed test scenarios were successfully executed 
according to system specifications. The system implementation contributed significantly to increasing 
operational efficiency by reducing reservation processing time from 10-15 minutes to 2-3 minutes, 
reducing manual administrative burden, and providing a real-time statistical dashboard for data-driven 
decision making. The iterative approach of the Prototyping method combined with MERN Stack 
technology demonstrated effectiveness in developing a health information system that is responsive to 
user needs. For continuous development, the system can be expanded with the integration of online 
payments, automatic notifications, electronic medical record modules, mobile applications, and 
telemedicine features. 
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