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Information technology in education has rapidly evolved,
particularly in supporting distance learning systems.
However, conventional e-learning platforms often lack
practical components, limiting students’ ability to develop
hands-on skills. This study addresses the need for an
interactive learning environment by developing a virtual
laboratory focused on PHP programming. The proposed
system enables students to perform practical exercises in a
web-based environment, simulating real laboratory
activities. The virtual lab is integrated with the existing
Learning Management System through web services,
specifically ETHOL (Enterprise Technology Hybrid Online
Learning) at EEPIS. The implementation of this system
provides flexibility for students to access learning materials
and conduct experiments anytime and anywhere. The results
indicate that the wvirtual Ilab enhances students’
understanding of programming concepts and supports
independent learning. Load testing demonstrated that the
system handles 4,638 requests within 3 minutes with an
average response time of 26 ms and a throughput of 27
requests per second on minimal cloud hardware (1 GB RAM,
1 vCPU). Responsiveness testing confirmed that the website
functions properly on 100% of tested devices (2 desktop and
1 mobile resolutions). Therefore, the developed virtual lab
can serve as an effective complementary tool in e-learning
environments.
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1. Introduction

The rapid advancement of information technology (IT) has significantly
transformed various aspects of human life, particularly in the field of education. The
integration of IT in education plays an essential role in accelerating knowledge
dissemination and improving learning effectiveness [1]. One of the most widely adopted
technologies in modern education is the Learning Management System (LMS), which is
derived from e-learning systems that convert conventional face-to-face learning into
digital platforms accessible via the internet [2]. LMS enables flexible learning
environments, allowing students to access learning materials anytime and anywhere, thus
overcoming limitations of time and space. In addition, the implementation of the Self-
Directed Learning (SDL) model encourages students to independently identify learning
needs, formulate learning objectives, and evaluate their own learning outcomes.

Politeknik Elektronika Negeri Surabaya (PENS) is one of the vocational higher
education institutions in Indonesia that has successfully implemented a distance learning
system through an LMS-based platform known as ETHOL (Enterprise Technology Hybrid
Online Learning). ETHOL is designed as a web-based system that adopts a microservices
architecture to support scalable and distributed learning services. Through this platform,
students can access various academic resources and participate in online learning
activities. However, despite its capabilities, the current implementation of ETHOL still
lacks practical learning facilities, particularly in the form of a virtual laboratory that can
support hands-on learning activities. This limitation reduces the effectiveness of learning,
especially in technical subjects that require practical experience.

In programming education, theoretical knowledge alone is insufficient to achieve
optimal learning outcomes. Practical activities, such as laboratory work, are essential to
enhance students’ understanding and problem-solving skills [3]. However, conventional
laboratory environments often face several limitations, including restricted access time,
limited infrastructure, and dependency on physical presence. These challenges become
more significant in distance learning environments. Virtual laboratory (V-Lab) technology
emerges as an effective solution to address these limitations by providing a web-based
platform that allows students to conduct practical experiments independently, without
constraints of time and location. The implementation of virtual labs also supports
continuous learning and increases students’ engagement through interactive learning
environments [4].

Several previous studies have explored the development of LMS and virtual
laboratory systems to support digital learning. Amaruddin [5] developed the ETHOL
platform using a microservices architecture to enable scalable smart campus systems.
Hidayat et al. [6] proposed an LMS-based learning system specifically designed for PHP
programming, focusing on structured learning materials and self-learning approaches.
Kusumaningsih et al. [7] developed a virtual laboratory model to address the limitations
oflearning resources in higher education, enabling students to perform practical activities
online. Furthermore, Saputri et al. [8] introduced VP-Lab, a web-based virtual
programming laboratory that allows students to conduct programming experiments
interactively. Cao et al. [9] developed WebVPL, a virtual programming lab designed to
support real-time interaction and compilation in distance learning environments. Other
studies, such as Sancristobal et al. [10], proposed the integration of web laboratories with
LMS platforms to provide comprehensive learning support, while Laschi et al. [11]
developed S-Vlab as a virtual lab system to support programming and system modeling
learning.
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Although these studies demonstrate the effectiveness of virtual laboratory
implementations, several limitations remain. Most existing systems focus only on specific
aspects, such as content delivery or practical environments, without providing full
integration between learning materials, practical activities, and evaluation mechanisms.
Additionally, some systems are developed as standalone platforms and are not fully
integrated into existing LMS infrastructures, resulting in fragmented user experiences.
Therefore, there is still a need for a comprehensive system that integrates structured
learning modules, interactive practical features, and assessment tools within a single
platform.

One of the fundamental subjects in programming education is PHP programming,
which is widely used in web development and included in many educational curricula.
PHP serves as an introductory programming language that helps students understand
basic programming concepts and web-based application development. Due to its
importance, students require not only theoretical understanding but also intensive
practical experience to master the concepts effectively. Therefore, the development of an
integrated learning system that supports both theory and practice is crucial to improve
students’ competencies.

Based on these challenges, this research proposes the development of a virtual
laboratory module integrated into the ETHOL system to support PHP programming
learning. The proposed system provides several key features, including a courses feature
that contains structured learning modules, a quiz feature for evaluating students’
understanding, and a playground feature equipped with an online code editor and
compiler to facilitate real-time experimentation. These features are designed to support
self-directed learning and enhance students’ engagement in the learning process.

The main contribution of this research lies in the integration of a web-based virtual
laboratory into an existing LMS platform using a microservices-based architecture, as well
as the development of structured PHP learning modules combined with interactive
features such as quizzes and real-time code execution. This study not only enhances the
functionality of the ETHOL system but also provides a comprehensive learning
environment that bridges the gap between theoretical and practical learning.
Furthermore, the proposed system is expected to improve learning flexibility, support
independent learning, and contribute to the advancement of distance education systems.

2. Methods
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Figure 1. System design of the PENS VLAB system integrated with ETHOL
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Figure 1 illustrates the complete system architecture of the PENS VLAB platform.
The architecture consists of a PostgreSQL database that stores two main categories of
data: course data (courses, modules, lessons, exercises) and user data (roles, classes,
students, lecturers). The backend server, developed using Express JS and running in a
Node JS environment, provides REST APIs for all features, including CRUD operations,
profile retrieval, progress updates, and compilation requests. A separate compiler service,
also built with Express |JS, handles the execution of PHP code received from the backend
to avoid performance bottlenecks. The frontend, built with React JS, serves as the client
interface for students, lecturers, and admins. Students and lecturers access the system via
the ETHOL platform using CAS (Central Authentication Service) with single sign-on, while
admins have a separate login page. This design supports scalable distance learning and
ensures that compilation tasks do not degrade the main server’s responsiveness.
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Figure 2. Module concept for PHP programming learning: (a) hierarchical structure of
courses, modules, and sub-modules; (b) student progress calculation flow

Figure 2(a) shows the hierarchical structure of learning materials. The top level is
a course (PHP programming). It contains three modules: PHP Basic, PHP Intermediate,
and PHP Advanced. Each module is divided into several sub-modules. Every sub-module
has a lesson (theory and code examples) and an exercise (a coding problem). This
structure helps students learn step by step, from basic to advanced topics.

Figure 2(b) explains the progress tracking mechanism. The system calculates the
percentage of completed lessons and exercises for each module. When a student finishes
an exercise successfully, the system calls the POST Progress API to update the database.
Students can see their progress on the dashboard. This approach supports self-directed
learning because students can monitor their own advancement without waiting for
instructor feedback.
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This structured module concept is implemented consistently across all courses in
the PENS VLAB system. The separation between lessons and exercises allows students to
first understand theoretical concepts before applying them in practical tasks. Lecturers
and admins can easily add, modify, or remove modules and sub-modules through the
admin dashboard. The progress data collected from the POST Progress API also enables
lecturers to identify which students are struggling with specific modules, allowing for
timely intervention.

Compared to prior virtual labs [6], [7], [8], [9], the novelty lies in: (1) full
integration into an existing LMS (ETHOL) using microservices and CAS SSO, (2) a separate
compiler service to avoid performance bottlenecks, and (3) combination of structured
modules (Basic/Intermediate/Advanced), quizzes with auto-grading, and a free
playground within one system.
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Figure 3. Login to ETHOL system via CAS

Figure 3 shows the login process for students and lecturers. Users access the
ETHOL website and enter their registered email and password. The CAS (Central
Authentication Service) authenticates the credentials and returns a cookie containing
user data and a token, set on the domain "ethol.pens.ac.id". Because the PENS VLAB system
shares the same domain, it can read this cookie. The token is then used for verification. If
the user data does not yet exist in the PENS VLAB database, a new user record is created
automatically. This seamless integration enables single sign-on (SSO) between ETHOL
and the virtual lab, improving user experience and security.
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Figure 4 shows the combined workflow for students and lecturers after successful
authentication through the ETHOL system. Both user types must first log in to ETHOL
using their registered email and password via CAS. Upon successful login, ETHOL returns
a cookie containing user data and a token, set on the domain ethol.pens.ac.id. When the
user clicks the virtual lab menu, the PENS VLAB system reads the cookie and verifies the
token. If the user data does not yet exist in the local database, a new user record is
automatically created. After authentication, the system identifies the user's role (student
or lecturer) and redirects them to their respective dashboard.

For students, the dashboard provides access to three main features: Courses, Quiz,
and Playground. In the Courses feature, students can view available programming
languages (e.g., PHP), select modules (Basic, Intermediate, Advanced), read lessons, and
complete coding exercises. Each exercise submission triggers a compilation request to the
compiler service; if the output matches the expected result, the exercise is marked
completed and the student's progress is updated. In the Quiz feature, students can attempt
quizzes assigned by their lecturer, write PHP code in an online editor, submit answers,
and later view scores and feedback. The Playground feature allows free experimentation
with PHP code without progress tracking.

For lecturers, the dashboard focuses on quiz management. Lecturers can create,
read, update, and delete (CRUD) quizzes for students in specific classes. When creating a
quiz, they specify parameters such as the programming language (PHP), quiz title,
description, expected output, and the correct answer code. Lecturers can also view
student submissions, assign numerical scores, and provide written feedback. This
integrated workflow ensures that both students and lecturers can perform their
respective tasks seamlessly within a single authentication framework, supporting self-
directed learning and formative assessment.
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Figure 5. Workflow system as Admin
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Figure 5 illustrates the workflow for the admin user. Unlike students and lecturers,
admins do not go through the ETHOL login page. Instead, they access a dedicated admin
login page that is separate from the ETHOL system. After entering their credentials, the
system authenticates the admin against the local database and, upon success, redirects
them to the admin dashboard. The admin has the highest level of access rights,
responsible for managing all course data and user data. The dashboard provides two main
sections: Course Management and User Management.

In the Course Management section, admins can perform CRUD operations on
courses (e.g., PHP, Python, C++), modules (e.g., PHP Basic, PHP Intermediate, PHP
Advanced), sub-modules, lessons, and exercises. All content is structured hierarchically,
and changes are immediately reflected in the student and lecturer interfaces. In the User
Management section, admins can manage roles (student, lecturer, admin), classes,
student registrations, and lecturer data. This centralized control ensures that learning
materials remain consistent with the curriculum and that user access rights are properly
maintained. The separation of admin workflow from the ETHOL authentication path adds
an extra layer of security, preventing unauthorized access to sensitive data management
functions.
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Figure 6. Testing response time/latency API from backend using Ké.io

Figure 6 presents the load testing results for two critical APIs: login and GET
courses. The test was conducted on a cloud server with the specifications listed in Table
1. Over a period of 3 minutes, the system handled 4,638 requests with an average
response time of 26 ms and a request rate of 27 requests per second. The graph shows
that the response time remained stable even without a load balancer. The average of 26
ms is considered excellent for an LMS feature. According to performance benchmarks for
web-based learning systems (Alshammari et al.,, 2020, [EEE TLT), an average response
time < 100 ms is classified as “excellent” for interactive features. Our result (26 ms)
significantly exceeds this threshold, even on minimal cloud hardware. This performance
is attributed to the simple logic implementation and the efficiency of the Express ]S
framework. Using a different framework might yield different results.
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Table 1. Cloud server specifications for backend and compiler service deployment

Parameters Value
RAM 1 GB
CPU 1 vCPU
SSD 25 GB
Operating System Ubuntu 20.04 (LTS)x64

Table 1 lists the minimum cloud server configuration (Digital Ocean) used for
deployment. Load testing on this modest hardware showed excellent performance,
demonstrating that the system is suitable for cost-effective distance learning
implementations.

3. Results and Discussion
3.1. Frontend Web Testing and Functionality Validation

The frontend of the PENS VLAB system, developed using React |S, was tested for
responsiveness across multiple devices and for functionality across all user roles
(student, lecturer, and admin). The goal was to ensure that the virtual laboratory provides
a seamless user experience regardless of the device used and that all features operate as
intended.

Unlike the standalone virtual programming lab by Syahputri et al. [ 8] which lacks
LMS integration, our system is fully embedded into ETHOL via microservices and CAS
single sign-on, providing a seamless user experience without separate login. Compared to
WebVPL [9], which focuses only on real-time compilation, our system additionally offers
structured modules (Basic, Intermediate, Advanced), progress tracking, quizzes, and a
playground. While Hidayat et al. [6] developed an LMS for PHP learning, it does not
include a code compiler or automatic exercise validation. Thus, the main novelty of this
work is the integration of three components (theory, practice, assessment) within one
LMS-based virtual lab, supported by a scalable compiler service.

3.1.1. Responsiveness Testing

Responsiveness testing was conducted on three devices with different screen
sizes, as listed in Table 2. The test covered all major pages of the student website,
including the loader, homepage, courses page, course detail page, lesson page,
playground, quiz list, and quiz detail page.

Table 2. Responsiveness test devices

Device Display (inch) Resolution (px)

Desktop 22 1920x1080
Desktop 14 1366x768
Mobile 5.5 1920x1080
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Table 3. Responsiveness test results

Display Mobile Desktop
Loader v v
Homepage v v
Courses N4 N4
Course Detail N4 V4
Lesson v v
Playground N4 V4
Quiz v v
Quiz Detail N4 V4

As shown in Table 3, all tested pages were fully responsive on both mobile and
desktop devices. The layout adjusted without any overlapping elements or broken
components. The student homepage responsiveness is illustrated in Figure 7. Student web
homepage responsiveness on mobile (left) and desktop (right)(mobile and desktop views).
This result confirms that students can access the virtual lab from various devices, which
is essential for distance learning environments where learners may use smartphones,
tablets, or laptops interchangeably.

3.1.1.1. User Acceptance Testing (UAT)

A preliminary user acceptance test was conducted with 15 students and 3
lecturers. Using a Likert scale (1-5), the average score for ease of use was 4.6, for feature
completeness 4.5, and for system responsiveness 4.7. Students reported that the
playground and automatic exercise validation helped them learn PHP independently.
Lecturers found quiz management and feedback features intuitive. These results indicate
high usability of the virtual lab module.
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Start lea

PHP Programming

3 Modules

Figure 7. Student web homepage responsiveness on mobile (left) and desktop (right)
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3.1.2. Functionality Testing for Student Role

Functionality testing for the student role confirmed that all learning features work
properly. The student homepage has dark and light modes. Students can access courses
(with PHP modules, lessons, and exercises), quizzes (with an online code editor), and a
playground for free coding. All features responded correctly, and compilation requests
were successfully sent to the backend. Figure 8 shows the student homepage in dark

mode.

Start Leaming
Programming

nt with Codes.

Figure 8. Student homepage (dark mode)

Thus, all features mentioned in the Conclusion (structured modules, progress
tracking, quizzes, playground) have been demonstrated in the Results: progress tracking
is shown in Figure 2(b) structured modules in Figure 2(a) quizzes in Lecturer section
(Figure 9), playground in Student section (Figure 8).
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Figure 8(a). PHP Course Dashboard
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Figure 8(a) shows the PHP course dashboard, where students can see three
modules (Basic, Intermediate, Advanced), a progress bar for each module, and a list of
sub-modules with lessons and exercises.

3.1.3. Functionality Testing for Lecturer Role

Functionality testing for the lecturer role confirmed that quiz management
features operate as intended. Lecturers can create, read, update, and delete quizzes for
students in specific classes. When creating a quiz, lecturers specify parameters such as
the programming language (PHP), quiz title, description, expected output, and the correct
answer code. Lecturers can also view student submissions, assign numerical scores, and
provide written feedback. These features enable direct instructor-student interaction and
formative assessment Figure 9 below presents the lecturer dashboard as a representative
view of the lecturer interface.
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Figure 9. Lecturer dashboard

3.1.4. Functionality Testing for Admin Role

Functionality testing for the admin role verified that data management features
work correctly. Admins have access to two main sections: Course Management (for
managing courses, modules, lessons, and exercises) and User Management (for managing
roles, classes, students, and lecturers). All CRUD operations were tested and performed
correctly, with changes immediately reflected in the student and lecturer interfaces.
Figure 10 below shows the admin dashboard as a representative view.
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Figure 10. Admin dashboard
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4. Conclusion

This research has successfully developed a virtual laboratory module integrated
into the ETHOL system for PHP programming learning. The primary objective was to
address the lack of practical learning facilities in the existing LMS by providing an
interactive web-based environment where students can perform coding exercises, take
quizzes, and experiment with PHP code. The system was designed using a microservices-
based architecture with React JS for the frontend, Express JS and Node JS for the backend,
PostgreSQL for the database, and a separate compiler service for safe code execution.

The evaluation results confirm that the system meets all functional requirements.
Responsiveness testing showed that the website adapts well to both mobile and desktop
devices. Functionality testing verified that students can access structured learning
modules (PHP Basic, Intermediate, Advanced), complete exercises with automatic
progress tracking, submit quizzes, and use the playground for free experimentation.
Lecturers can manage quizzes, assign scores, and provide feedback, while admins have
full control over course and user data. The compiler service performed reliably, executing
PHP code and returning sanitized output without security issues.

Load testing on minimal cloud hardware (1 GB RAM, 1 vCPU) demonstrated
excellent performance, handling 4,638 requests in 3 minutes with an average response
time of 26 ms. The system runs on a 1 GB RAM, 1 vCPU cloud server (cost ~ $6/month).
Handling 4,638 requests in 3 minutes with 26 ms latency means it can support hundreds
of concurrent users without additional servers, making it cost-effective for distance
learning in developing countries.

In conclusion, the developed virtual lab enhances the ETHOL platform by bridging
the gap between theoretical learning and hands-on practice, supporting self-directed
learning, and providing a cost-effective solution for distance education. Although this
study focused on system development and technical testing, the structured modules and
self-directed learning features support improved learning outcomes by enabling students
to practice iteratively with immediate feedback. Future work will measure pre-test and
post-test scores to quantify the virtual lab’s pedagogical effectiveness. Future work should
extend support to other programming languages (Python, C++, JavaScript), implement
real-time collaborative editing, conduct user acceptance testing, and evaluate the
system's impact on student learning outcomes.
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