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Abstract. The educational access gap between hinterland and urban areas often creates
disparities in educational opportunities and economic development. E-learning can reduce
the isolation of remote regions by providing access to information and learning.
Microservices architecture can enhance efficiency in education delivery. This research
aims to develop a prototype of microservices architecture and API Gateway integration in
an eLearning platform. The research methodology involves prototype design, data
modeling, software development, integration with the eLearning platform, and
performance testing. The results of the study demonstrate that the integration of
microservices architecture and API Gateway improves platform flexibility and scalability,
enabling users in hinterland areas to access online education more effectively, overcoming
infrastructure constraints, and opening new opportunities for inclusive and effective
education delivery.
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1 Introduction

In the continually evolving digital era, access to quality education is becoming increasingly
crucial for the development of society and a country's economy. Information and
Communication Technology (ICT) has opened significant opportunities to expand educational
access through e-learning platforms [1], [2] . However, in many remote or hinterland regions,
accessibility challenges, including limited internet access and inadequate educational
infrastructure, remain significant obstacles to realizing the potential of e-learning. Education is
a key factor in addressing poverty and social inequality. Hinterland regions often face
inequalities in educational access, and e-learning can be a tool to address these disparities [3].
Hinterland areas often grapple with serious issues related to limited internet access. Slow speeds,
unstable connections, and even a lack of internet access are problems faced by a substantial
portion of the population in these areas. This hampers their ability to access e-learning resources.
Schools in hinterland regions often lack adequate infrastructure to support digital learning [4].
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The shortage of computers, a robust network, and trained educators pose barriers to effective e-
learning implementation. Limited access to computer hardware and software also presents
obstacles. Many residents of hinterland regions may not have sufficient devices to participate in
online learning.

E-learning can reduce the isolation of remote areas [5] by providing access to information and
learning from around the world [6]. This can improve the quality of life and connect hinterland
regions with the outside world. Disparities in educational access between hinterland and urban
areas often create inequalities in educational opportunities and economic development [7] [8].
Therefore, it is important to seek solutions to overcome these barriers.

Previous research in this field has highlighted some issues and efforts to improve e-learning [9]
[10] access in hinterland regions. However, most of this research has yet to address the
fundamental issues of limited internet access and inadequate infrastructure [11]. Some studies
have identified internet access challenges in hinterland regions [4] [12], but few have developed
concrete solutions. Additionally, some research has focused on developing e-learning content
suitable for the local context in hinterland regions, but accessibility remains an issue. Initiatives
to build network infrastructure in hinterland regions have been attempted, but much more needs
to be done to comprehensively address these issues.

Microservices technology can enhance efficiency in education delivery [13] [14]. With this
technology, online learning can be tailored to individual needs, resources can be utilized more
effectively, and content updates can be made rapidly. Therefore, this research will develop
microservices prototypes on the e-learning platform. This research has significant scientific
contributions as it aims to address e-learning access issues in hinterland regions through the
development of microservices architecture prototypes. By integrating microservices
technology, this research aims to improve the efficiency and availability of e-learning platforms
in areas with limited internet access.

The results of this research are expected to provide concrete solutions for addressing e-learning
access issues in hinterland regions, which can be adopted by governments, educational
institutions, and other stakeholders. Additionally, this research will provide deeper insights into
how technology can be used to address educational access inequalities in remote areas, with
significant social and economic implications. Enabling e-learning access in hinterland regions
can trigger economic and social development. Improved educational access can help residents
acquire better skills, enhancing job opportunities and their contributions to economic growth.
E-learning provides individuals with opportunities to develop their skills and knowledge
independently. By offering better e-learning access in hinterland regions, residents can gain
skills that can enhance their quality of life. Microservices architecture can enhance efficiency
in education delivery, allowing online learning to be tailored to individual needs, resources to
be used more effectively, and content updates to be made rapidly.

2 Research Method

The research method utilizes a prototyping approach to develop an eLearning platform design
by integrating microservices architecture and API Gateway [15], and then testing the developed
eLearning platform. The main steps in this research methodology can be seen in Figure 1.
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Fig. 1. Research Method

The first step is to engage in user communication and conduct comprehensive literature research
on relevant topics. This encompasses literature on microservices architecture, e-learning,
challenges of internet access in hinterland regions, and related technological solutions. The goal
of this step is to understand the conceptual framework, related research, and recent trends. Next,
analyze the requirements in designing a microservices architecture prototype that will be used
in the development of the eLearning platform, including infrastructure modeling, service
definition, and integration planning with the API Gateway, as well as configuring the API
Gateway to manage requests and responses.

Based on the knowledge from literature research and requirement analysis, the next stage
commences with the development of the microservices architecture prototype. This includes
modeling, infrastructure design, and software development tailored to the needs. The
microservices architecture prototype will be implemented on a small scale for the eLearning
Prototype to measure performance, through testing aspects such as access speed, scalability, and
interoperability.

The collected data will be analyzed to assess the extent to which the prototype has successfully
integrated microservices architecture and API Gateway into the eLearning platform. The
analysis will encompass data modeling and comparison with previous baseline data (before
prototype implementation). Evaluation will be conducted to assess the impact of prototype
development on e-learning access.

3 Results and Discussion

Every microservice has functionality related to specific tasks within the overall application.
Microservices architecture can be used to build a more flexible, easily updatable, and scalable
eLearning platform. A microservice specifically handles course management, including course
creation, editing, and settings. This service will have an Application Programming Interface
(API) that allows interaction with other components within the system. This microservice is
responsible for user management, which includes registration, authentication, authorization, and



user profile management. Each user has an account accessible through the API. To manage
learning content, a dedicated microservice can be provided for uploading, storing, and managing
learning materials such as videos, documents, or images. Users can access the content through
the interface provided by this service. A microservice can also handle communication tools
between students and instructors, such as live chat, discussion forums, or email notifications,
enabling better interaction within the eLearning platform. Additionally, to track student
progress, a microservice can manage data related to completed assignments, exam results, and
other statistics. This will provide the necessary information for monitoring and reporting on
student progress.
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Fig. 2. Microservices in User Notification Delivery

Figure 2 represents a microservice that can handle the delivery of notifications and alerts to
users, for example, when there are course updates or impending assignments, based on each
user's API. By using a microservices architecture, each of these services can be developed,
updated, and managed independently. This allows for faster feature releases or improvements
without affecting the entire eLearning platform. Furthermore, in case of a surge in usage or
scalability needs, it's easy to increase the number of copies of the corresponding services without
modifying the entire platform. This provides great flexibility in the development and
management of the eLearning platform.

The microservices architecture does not limit how small or large a microservice can be, but
rather focuses on separating specific functions within an application. A microservice should be
designed to perform a single task or functionality well on a smaller scale compared to a
monolithic application. The primary goal of using microservices is to break down the
application into smaller parts that can be managed, updated, and improved independently.

Communication between services can be done through protocols like HTTP/HTTPS, message
protocols, or application programming interfaces (APIs). The illustration of communication
between services in the context of the eLearning web can be described as follows.
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Fig. 3. Communication Between Services

Figure 3 shows that communication through a Restful API can be used, for example, to access
user data, course data, or student progress data without the need to directly access the database.
This helps ensure data security, better error management, and separation of responsibilities
between the application layer and the database layer. Communication between these services
can be done through various mechanisms, including HTTP requests (usually with methods like
GET, POST, PUT, DELETE), the use of application programming interfaces (APIs), or even
message protocols like MQTT or Apache Kafka if real-time communication is required [16]
[17]. Each microservice can work independently and communicate with each other to provide
the full features of the eLearning platform, enabling scalability, flexibility, and better
maintenance in a distributed environment. Implementing an API Gateway is a common practice
to control and manage access to various microservices within the application. The API Gateway
serves as an intermediary layer between clients (such as user devices, applications, or client
software) and the microservices behind it.
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Fig. 4. API Gateway and Auth Service as Middleware

Figure 4 shows integration with the Auth Service, which enables efficient and secure
management of authentication and authorization in the eLearning web application. Furthermore,
it allows users to have a better and safer experience when using the eLearning platform. The
proper use of middleware in each microservice within the eLearning web architecture can
enhance the overall functionality, security, and performance of the application. However, it's



important to remember that the use of middleware also requires good management and
maintenance to prevent it from becoming a source of issues.

Ensuring consistency in user interface (UI) design across the entire frontend can be a
challenging task. Each frontend may have different appearances, resulting in inconsistent user
experiences. Effective permission and security management are required for each frontend,
which can add complexity, especially if multiple frontends need to access the same data with
different permissions. To address this issue, the selection of Backend for Frontend (BFF)
technology is necessary [18]. Backend for Frontend (BFF) is an architectural pattern used in the
development of microservices-based applications, including in the context of eLearning web
architecture. The main idea behind BFF is that each user interface (UI) has a specific backend
designed to meet the needs of that UL In the context of eLearning web architecture, BFF can be
used to deliver a more efficient and optimized user interface tailored to the different features
and views of eLearning.
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Fig. 5. Backend for Frontend

Figure 5 shows an illustration of BFF in the context of elearning implementation. Various views
may be required, including the homepage, course page, user profile page, and others. Each view
may require access to different data, different business logic, and different presentation. With
BFF, it is possible to have a dedicated backend for each of these views. Therefore, BFF enables
the optimization of the performance of each view by designing a backend that suits its needs.
For example, if the homepage requires a large amount of data, you can design its BFF to
efficiently fetch and serve the data without burdening other views. Additionally, BFF can
separate development tasks between the frontend and backend more clearly [19]. The frontend
development team can focus on the design of the user interface and user interactions, while the
backend development team can focus on business logic and data retrieval. BFF can also handle
authentication and authorization specifically for each view. For instance, it can control who can
access specific views and provide the appropriate level of permissions.



Hubungkan E-Learning Pengaturan

Jurusan 1F834

) . ETIHA PROFESI DUNTA KERTA e M. Yudha Putra
Tekrik Informotikn o
Username IF835
HAGANG THBLSTRE
Uban Akun
Password IFs38 Mata Kulich
PELAPORN KERIA Mara ul >
Hubungkan Ke E-Ledring
IF837 SLBLRLKIN KUY E-LENI% 26I8aM % KIMU ura¢ >
e S e
* Username dan password tidak disimpan Lagaut >

dimanapun

Tutorial Pengguncan Aplikesi >

o
I I Pengoruran

Fig. 6. Mobile eLearning Access

Figure 6 is the frontend view for displaying user login, courses, and course settings. The BFF
(Backend for Frontend) can manage scalability more efficiently by adding or removing backend
components specific to the user's request and traffic. BFF can also be used to provide additional
services that may be needed by specific views, such as search, notifications, or messaging
delivery. After the prototype is created, the next step involves evaluating the performance of the
available device resources and network under minimal specifications.
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Fig. 7. Mobile Device Resource Performance



Figure 7 depicts the performance of mobile device resources when accessing the Front-End
platform of eLearning. On mobile devices, the CPU is utilized at an average rate of only about
20%. The application's graphics run smoothly, achieving frame rates of 55 to 60 FPS after the
application starts. The highest RAM usage observed is approximately 161 MB. Therefore, it can
be concluded that accessing the eLearning platform does not require significant resources and
runs stably on devices with minimal specifications.

Next, to assess network performance, the evaluation is conducted using the Network Profiler
application as a tool for developers to monitor and analyze network performance while the
application is running. The Network Profiler can simulate various network conditions, such as
slow or unstable connections, to test the data communication performance in the Front-End
application under different situations.

Table 1. Network Performance Upload and Download Speed Results

Upload Download
Network - -
Bandwidth Delay Bandwidth Delay
Wifi 360.4 Mbps 1 ms 585.5 Mbps 1 ms
3G 340 kbps 110 ms 790 kbps 110 ms
2G 210 kbps 450 ms 250 kbps 410 ms

Table 1 provides information about how much data can be uploaded and downloaded
simultaneously (upload and download speeds) and how quickly data can travel between the
device and the network (latency) for each type of network tested. Latency is the time it takes for
data to travel back and forth between the device and the server. The lower the latency, the more
responsive the application will feel, with a latency of less than 100 ms being considered
responsive [20] [21]. The information in Table 1 suggests that the performance of the Front-End
application or data communication in microservices varies under different network conditions.
For Wifi, the latency is very fast, only 1 ms; for 3G, it is moderate at 110 ms, and for 2G, it is
slower at 410 ms. Therefore, it can be concluded that Wifi is recommended for data
communication in microservice services.

4 Conclusion

This research aims to address the challenges of e-learning access in remote areas, proposing the
use of microservices technology and API Gateway, and highlighting the importance of
customized user interfaces through Backend for Frontend (BFF) technology. Microservices
technology is utilized to manage various aspects of course management, user management,
content, communication, and student progress monitoring within the e-learning platform. The
use of API Gateway is employed to control and manage access to these microservices.
Additionally, Backend for Frontend (BFF) technology is implemented to optimize the user
interface (UI) to cater to various features and displays within the e-learning platform, including
websites, mobile devices, and third-party applications. BFF enables scalability management and
the provision of additional services tailored to specific Ul needs. Performance measurements of
the Front-End prototype indicate that the application can be accessed efficiently, with resource



utilization such as CPU at approximately 20%, smooth graphics performance, and limited RAM
usage (around 161 MB). In terms of network performance and data communication, Wifi is
considered the best option due to its very low latency (only 1 ms) and high download speed
(585.5 Mbps).
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