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ABSTRACT Web applications have become immensely popular and widely utilized across various
sectors due to their accessibility, scalability, and ability to provide real-time updates, driving the demand
for skilled web programmers. Approximately 75.9% of websites that use server-side languages rely
on PHP, a widely adopted and flexible scripting language that integrates seamlessly with databases,
making it suitable for dynamic website development. As the complexity of web development increases,
self-learning systems become essential for fostering independent programming skills through platforms
such as learning management systems (LMS) and MOOCs; however, many of these tools still require
human intervention for code verification and lack automated feedback mechanisms. This study proposes
a self-learning framework that leverages test-driven development (TDD) to enhance PHP programming
education. The framework enables students to participate in structured learning modules, receive real-
time feedback, and refine their coding abilities. An evaluation with 150 first-year IT students in Indonesia
demonstrated a 100% success rate in all modules, where success was defined as the ability of students
to pass all test cases in the predefined test suites after multiple attempts. This highlights the framework’s
effectiveness while also noting areas for improvement in content depth and instructional clarity.

KEYWORDS self-study; code verification; PHP; web programming; automated testing; test-driven
development

I. INTRODUCTION

Web applications have become highly popular in the current
era of the internet [1], being widely used in various sectors.
They offer several advantages, such as being accessible
from any internet-connected device, efficient scalability,
and easy deployment, enabling real-time updates without
user involvement. For example, e-commerce platforms allow
consumers to conveniently shop around the world, and busi-
ness information systems optimize operations and decision-
making in organizations [2]. The growing reliance on web
applications has heightened the demand for skilled web
developers who can design, implement, and maintain these

critical tools. As a result, numerous educational institutions
have made web programming a mandatory subject in their
IT departments [3]. Universities are providing students with
web development education to meet the growing demands
of a digital economy and foster the innovation that propels
it [4], [5].

Approximately 75.9% of websites that use a server lan-
guage rely on PHP [6], a popular scripting language in web
programming [7] due to its user-friendliness and flexibility
[8]. Its popularity comes from seamless database integration,
making it ideal for developing dynamic websites. PHP offers
many benefits, including numerous preexisting features,
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frameworks such as Laravel and CodeIgniter that accelerate
development [9], [10], and a large supportive community
providing ample resources. Major websites like Facebook,
WordPress, and Wikipedia use PHP [11], underscoring its
robustness for various web tasks.

Self-learning systems in computer programming are in-
creasingly important due to the complexity and evolving
nature of web development, which require various languages
and tools [12], [13]. As the demand for qualified web
developers increases, self-directed learning platforms such
as Learning Management Systems (LMS) [14], MOOCs
[15], and automated assessment tools such as APAS [16]
and ProgEdu4Web [17] are essential to provide flexible,
personalized educational experiences. However, many of
these platforms require human intervention for code veri-
fication and lack automated assessment features specifically
designed for web programming tasks. Research indicates a
significant need for real-time feedback mechanisms tailored
to server-side programming. The implementation of a self-
learning system that offers real-time automated feedback
could enhance learner engagement and improve comprehen-
sion and skill development in PHP through immediate error
identification and contextual insights.

This study presents a novel approach to enhance PHP
programming education through a self-learning framework
that adopts test-driven learning. The test-driven development
(TDD) method realizes the creation of tests before coding
[18], improving the quality of the code and the logical
reasoning. This integrated approach enables learners to test
coding solutions, receive real-time guidance on errors, and
correct mistakes, thereby deepening their understanding of
programming concepts. The web-based framework focuses
on the basic syntax of PHP, defining specific learning
objectives to guide students to master the fundamentals of
PHP through structured modules, practical exercises, and
customized test codes using PHPUnit to verify accuracy and
functionality [19].

The system evaluation demonstrated high effectiveness,
with the 150 students successfully completing six modules
and achieving a success rate of 100% on the tests cases.
While students noted improvements in their understanding
and confidence, they also reported technical challenges and
requested additional practical examples and multilingual
support. Future enhancements should address these issues
by providing detailed explanations of complex concepts,
incorporating gamified collaborative learning, and including
cybersecurity principles to better prepare students for real-
world challenges. The framework’s design also allows for
future AI integration to further personalize learning and
enhance feedback mechanisms.

II. RESEARCH SIGNIFICANCE
This section presents recent studies related to this study,
test-driven development method, and the idea of test-driven
learning for web programming using PHP.

A. WEB PROGRAMMING WITH PHP
PHP (Hypertext Preprocessor) is a widely-used open-source
server-side scripting language designed primarily for web
development. It enables developers to create dynamic web
pages and web applications efficiently. The language is em-
bedded within HTML, making it easy to integrate with front-
end technologies and databases such as MySQL. Learning
PHP involves various topics, including understanding PHP
syntax, handling forms, working with databases, managing
sessions, and implementing security practices. Additionally,
concepts such as object-oriented programming, web frame-
works (e.g., Laravel, Symfony), and content management
systems (e.g., WordPress) may also be covered. Mastery of
these topics is essential for developing robust applications
and ensuring seamless interaction between the server and
client-side elements of a website.

Practical skills are crucial in programming, as they bridge
the gap between theoretical knowledge and real-world appli-
cation. Students must acquire practical experience through
assignments that challenge them to apply their knowledge in
tangible ways. Assignments not only reinforce learning, but
also develop problem-solving capabilities and confidence in
coding. To ensure the correctness and effectiveness of their
solutions, code verification becomes an essential process.
This involves using various testing methodologies, such as
unit tests, to validate assignment answers against specified
requirements. By implementing code verification, students
can identify errors, understand debugging practices, and
gain insights into writing clean, efficient code. This hands-
on experience, coupled with test-driven learning, ultimately
prepares students for successful careers in web development.

B. TEST-DRIVEN LEARNING
Test-Driven Learning (TDL) is an educational methodology
inspired by test-driven development (TDD) in software engi-
neering [20], which emphasizes the use of tests as a primary
driver for learning and understanding concepts. In TDL,
learners first define a set of expected outcomes or behaviors
for a particular concept or assignment, typically in the form
of test cases. They then engage in self-directed exploration
and coding to meet those predefined criteria, continually
refining their solutions based on the feedback from the
tests. This iterative process encourages active learning and
critical thinking, as students are motivated to understand
the underlying principles and syntax necessary to pass the
tests. In addition, TDL promotes a hands-on approach to
learning, allowing students to experiment and learn from
mistakes in a structured way [21]. As a result, Test-Driven
Learning not only enhances problem-solving skills but also
fosters a deeper understanding of programming concepts,
thereby empowering learners to become more proficient and
confident in their coding abilities [22].

C. RECENT STUDIES
There are some studies related to self-learning systems for
computer programming, including:
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• In 2020, Syaifudin et al. proposed an Android Program-
ming Learning Assistance System [23], that is designed
to achieve independent learning without the presence
of teachers by adopting the test-driven development
method [24]. This proposal was continued with the
development of an online platform to automatically
distribute, collect, and validate the answers.

• Mekterović et al. developed an Automated Program-
ming Assessment System (APAS) to address the chal-
lenges of manual programming task evaluations by
providing objective, efficient evaluations and timely
feedback [16]. This study reviews the literature and
APAS software, identifying key features needed to
support all stages of assessment in computer science
courses. Despite numerous publications, there are lim-
ited software options available.

• Research by Paiva et al. in 2020 focused on the types
of exercises supported, the security measures used,
the testing techniques used, the types of feedback
generated, and the information provided to instructors
to understand and facilitate learning optimization [25].
They emphasize that practical programming skills are
crucial for computer science education and postgradu-
ate preparation.

• Similarly, research by Barra et al. in 2020 [26] de-
scribed the transformation of programming course as-
sessments in higher education into fully online for-
mats during the pandemic through student-centered
automated assessment tools. The evaluation of student
interactions and perceptions showed highly positive
results, with most of the students preferring to use these
tools and expressing a desire to implement them in
other courses.

• Recently, Snowberger et al. applied Front-End Code
Playground (FECP) tools in web development learn-
ing [27], particularly the integration of HTML, CSS,
JavaScript, and additional libraries. Given that many
web programming errors do not yield visible results in
browsers, it has ability to consolidate web technologies
into a single platform and provide immediate visual
feedback. The study collects and analyzes data on
various FECP tools, highlighting their differences and
benefits for students.

• Furthermore, Duong et al. presented a recent proposal
of ProgEdu4Web [17], an innovative Automated Pro-
gramming Assessment System for web programming
courses. This system integrates automatic source code
evaluation tools for static code analysis, enabling in-
structors to efficiently assess student team collabora-
tion, code quality, and web programming skills while
providing timely feedback to students.

D. TEST-DRIVEN LEARNING FOR WEB PROGRAMMING
Despite the advancements in educational tools, there re-
mains a notable gap in addressing the specific needs of PHP
programming learners. Current systems often provide front-

end development and overlook back-end validation, under-
scoring a need for a PHP-centric educational framework that
utilizes TDD and provides real-time automated feedback.
Such a system could significantly enhance learner engage-
ment, allowing for immediate identification and resolution
of errors, fostering a deeper grasp of PHP programming
fundamentals. A tailored feedback system would empower
students to iteratively improve their coding skills [28], creat-
ing a resilient learning environment that adapts to individual
needs and promotes proficiency in backend development.

Consequently, the implementation of a PHP web pro-
gramming system utilizing Test-Driven Development (TDD)
and real-time automated feedback is essential to address
these deficiencies. This system could improve the partici-
pation of the learners and facilitate deeper comprehension
and refinement of PHP programming skills by providing
real-time error identification and resolution tools, providing
immediate, context-specific insights that directly address the
shortcomings of current systems. This customized feedback
system enables students by facilitating iterative code en-
hancement, fostering a resilient learning environment that
adapts to mistakes and individual learning speeds, thus
addressing the intricate skills necessary for proficient PHP
backend development.

III. METHOD FOR SELF-LEARNING FRAMEWORK
This section proposes the self-learning framework for web
programming using PHP by utilizing TDD method and
automated testing.

A. SELF-LEARNING MODEL
Computer Assisted Learning (CAL) is an educational ap-
proach that employs computers to deliver instructional con-
tent and enhance the learning process through multimedia,
interactive modules, and digital resources, catering to di-
verse learning preferences. It allows students to interact with
educational software for customized experiences, providing
immediate assessment and feedback, which facilitates learn-
ing at their own pace [29]. As technology advances, CAL
has evolved into self-learning systems that promote student
autonomy and active engagement in their education [30].

The proposed self-learning model leverages CAL with
computer-generated assistance that can significantly stream-
line educational processes [30]. This model integrates the
TDD method approach, encouraging students to first en-
gage with test suites as part of CAL’s structured learning
resources. In the learning process, students can verify the
written code against predefined test suites, strengthening
understanding and facilitating a deeper grasp of PHP coding
practices, as illustrated in Figure 1 The learning process in
the proposed model includes steps:

• Accessing Learning Resources: Students receive a
variety of comprehensive learning resources, including
instructional guidance and structured test suites, aimed
at grounding them in PHP programming and equipping
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Figure 1. The proposed model of self-learning system

them with both theoretical knowledge and practical
instructions.

• Coding Practice: After reviewing the guidance, stu-
dents engage in coding exercises within a PHP en-
vironment (Visual Studio Code), applying theoretical
principles to real-world scenarios, which enhances their
problem-solving skills and provides essential hands-on
experience.

• Code Verification: Upon completing their coding as-
signments, the students verify their code using pre-
defined test suites to assess accuracy and effective-
ness [31]. This process ensures that their code meets
requirements and offers prompt feedback for future
improvements.

• Passed the Challenge: If a student’s code passes all
tests, it indicates compliance with the predefined spec-
ifications, allowing them to progress to the next stage
of the learning path, thereby promoting continuous
learning and achievement throughout the curriculum.

• Learning from Feedback: If the code does not meet
the requirements, the learning model provides con-
structive feedback detailing specific code flaws and
suggestions for improvements, encouraging students to
revise their work.

B. AUTOMATED TESTING FOR PHP
Automated testing refers to the use of specialized software
tools to run tests on code automatically [32], helping to en-
sure that applications function as expected without the need
for manual intervention. Figure 2 illustrates that automated
code verification utilizes test code to define test cases that
contain assertions, which check the expected outcomes of
the application code that is being verified. The application
code represents the actual functionality and logic to be tested
for correctness. An automated testing tool executes the test
code, assessing both the functionality and syntax of the
application code. The results of this process generate a status
indicating whether each test case has Passed or Failed, along
with detailed feedback for any failure.

There are several unit testing tools available for devel-
opers [33], including PHPUnit, Codeception, Behat, and
SimpleTest, each offering unique features for testing appli-
cations. Among these, PHPUnit is regarded as one of the

Figure 2. Automated code verification workflow

most popular tools for PHP development, recognized for its
versatility and effectiveness in ensuring code quality. One of
PHPUnit’s key privileges is its user-friendly syntax, which
makes it easy for developers to write and maintain tests.
Additionally, it provides a rich set of assertions that allow
for detailed validation of expected outcomes, along with
robust mocking capabilities to isolate and test individual
code components efficiently.

PHPUnit offers several key features, including unit test-
ing, assertions, and test suites, that enhance the testing pro-
cess for PHP applications. Unit testing focuses on discrete
components, such as functions and classes, in isolation,
improving the accuracy and robustness of the application.
Assertions play a crucial role in this framework by allowing
developers to evaluate conditions and confirm expected code
behavior through various methods such as ’assertEquals()’
and ’assertTrue()’. Additionally, PHPUnit enables the orga-
nization of test cases into test suites, which are collections
that can be executed together, facilitating the management of
large projects. This feature allows developers to streamline
their testing processes by grouping related tests, making it
easier to track functionality and ensure comprehensive test
coverage.

C. GENERATING INSTANT FEEDBACK
Each test suite is organized into specific test cases, which
use various assertion methods to validate that the actual
output matches the expected results and delivers failed
messages. Automated code verification enables students to
receive immediate feedback and effectively address mistakes
in code. The test results are typically classified into two
conditions: passed and failed. A passed condition indicates
that the software operates as expected and meets the prede-
fined requirements, affirming its correctness. In contrast, a
failed condition signifies that the code has not performed as
intended, highlighting specific areas that require attention.
When a test fails, it generates informative feedback that
elucidates the nature of the failure, providing essential
insights to identify and rectify the underlying issues. Figure
3 illustrates a failed result when executing a test case
following a specific error message, marking the location of
the failure and providing clues about the cause of the error.
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Figure 3. Source code and test case with feedback

IV. IMPLEMENTATION OF SELF-LEARNING SYSTEM
FOR PHP BASIC SYNTAX

Author names are to be centered beneath the title and printed
in Times New Roman 11-point, boldface type. Author
affiliations should be centered beneath author names and
printed in Times New Roman 11-point, non-boldface type.

A. FUNDAMENTAL OF PHP WEB PROGRAMMING

To master web development with PHP, understanding the
fundamental code structure and syntax is essential, even
when frameworks are employed to streamline and expedite
the process [34]. Native PHP code structures encompass the
organization and writing of PHP without any frameworks,
emphasizing the essentials such as PHP tags, which denote
the start and end of PHP code within a file, enabling PHP to
be embedded within HTML. Understanding syntax includes
familiarity with comments for code documentation, vari-
ables that adapt dynamically to data types, and functions that
encapsulate task-specific code blocks. Key programming
constructs, such as conditionals and loops, help control the
flow and repetition of code execution. Furthermore, arrays
provide a method to manage multiple values within a single
variable, supporting both numeric and associative types.

B. LEARNING OBJECTIVES

For an effective self-learning system for students, a set of
learning objectives is proposed that are adapted from various
learning materials [35]. Table 1 shows the eight learning
objectives for the learning topic of Basic Syntax.

Table 1. Learning objectives for basic syntax learning

No. Objective
LO1 Learn how to set up a PHP environment, including installing

PHP, a local XAMPP server, and a text editor with Visual
Studio Code.

LO2 Learn to open and close PHP tags within a file to distinguish
PHP code from HTML.

LO3 Comprehend the standard structure and syntax rules for writing
PHP scripts.

LO4 Understand how to declare variables and recognize different
data types like strings, integers, and arrays.

LO5 Learn how to use arithmetic, assignment, comparison, and
logical operators to perform operations.

LO6 Understand how to use conditional statements (if, else, switch)
to control the flow of the program based on conditions.

LO7 Learn to implement loops (for, while, foreach) to execute code
repeatedly based on certain conditions.

LO8 Learn to create and manipulate arrays and use built-in array
functions for processing array data.

Table 2. Six learning modules for students

No. Relation to Learning Outcomes
1 LO1: This module covers the complete installation process

for setting up a PHP development environment, including
Composer.

2 LO2: This module directly addresses how to correctly use PHP
opening (<?php) and closing (? >) tags.
LO3: It also covers the fundamental syntax rules necessary for
writing valid PHP scripts.

3 LO4: This module dives into declaring and utilizing various
types of variables available in PHP, such as integers and strings.
LO5: Alongside variables, this module introduces different
operators, enabling learners to manipulate data effectively.

4 LO6: The focus of this module is on conditional statements
like if, else, and switch.

5 LO7: This module is dedicated to understanding and imple-
menting various loop structures such as for, while, and
do...while.

6 LO8: This module teaches students how to create both indexed
and associative arrays. It covers accessing, modifying, and
utilizing built-in functions for arrays.

C. LEARNING MODULES FOR STUDENTS
Table 2 describes six learning modules that cover eight
learning outcomes.

D. TEST SUITES
Test suites ensure the accuracy of student-submitted PHP
code using PHPUnit. Each learning module includes tailored
test suites specifically designed to assess the student’s code,
ensuring that their answers meet the required criteria [23].
When students submit their PHP code, the web application
runs the test cases in test suite through PHPUnit, generating
results that provide instant feedback on the accuracy and
functionality of their submissions. This immediate feedback
mechanism not only enables students to quickly identify and
rectify errors. Each test suite demonstrates how to validate
these elements: for instance, testing the basic structure
confirms foundational functionality, while testing variables
ensures the reliability of values. Additionally, tests on con-
ditional statements and loops verify the program’s logical
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Figure 4. Test case to verify loop syntax

flow, and array tests check data integrity, as shown in Figure
4.

E. WEB INTERFACE FOR SELF-LEARNING
The implemented web application serves as a dynamic
learning interface for students studying PHP programming,
allowing them to choose from various learning modules,
including topics from installation to arrays. Each module
includes a dedicated web interface that presents guidance
documents aimed at facilitating hands-on programming
practice. This resource offers detailed instructions and ex-
amples, promoting interactive exploration of programming
concepts. A straightforward color-coded feedback system
enhances the learning experience; a green box indicates
successful code submissions, while a red box signals errors,
encouraging students to make the necessary adjustments and
improve their understanding.

In addition to the guidance function, the application
features a code verification function that delivers immediate
feedback on student coding submissions. Students upload
their code alongside any explanatory comments and can
initiate verification by clicking the "Verify the Answer"
button, as shown in Figure 5. The system then assesses
their submission and provides results that indicate whether
the code has passed or failed. This seamless integration
into the learning process offers automated feedback on
coding attempts, with successful submissions resulting in
a green box for affirmation, while failures trigger a red
box that provides instant feedback to help students identify
and correct errors, thereby reinforcing their learning of PHP
programming concepts.

V. PROPOSAL EVALUATION
This section presents the results of the self-learning platform
evaluation by conducting initial testing and applying it to IT
department students.

A. EVALUATION SCENARIO
The selected cohort of 150 students includes 50 individuals
from each of the following programs: Information Systems,
Informatics, and Web Development. This varied group pro-
vides multiple perspectives within the IT field, allowing for
the evaluation of the system’s adaptability and effectiveness
across different academic disciplines. As these students
will undertake a web programming course in their second
year, early exposure to PHP syntax is vital to building a
strong foundation in web development. Establishing this

Figure 5. Web interface to submit answer and get feedback

Table 3. Hardware and Software Specifications

No. Hardware/Software Description
1 Processor Intel Core 2 Duo or equivalent

2 RAM Minimum 4.00 GB

3 Storage 120 GB HDD with at least 20 GB of
available storage

4 Connection LAN

5 Operating System Windows 8.1 or newer

6 Text Editor Visual Studio Code: Latest Stable Ver-
sion Installed

7 Server XAMPP Control Panel v3.3.0 with PHP
7.4 or newer

groundwork is crucial for their future success in advanced
web development and related computer science courses.
This diverse group will provide valuable feedback to assess
the system’s adaptability and effectiveness in various IT
areas.

Each student is provided with a personal PC to en-
courage individual engagement and hands-on experience.
Table 3 details the hardware and software specifications.
The evaluation is structured to be completed in one day,
enabling students to concentrate fully on understanding and
applying the concepts from each module. Student success
was measured by their ability to pass all predefined test
cases in the automated test suites for each learning module,
achieving a "Passed" status after one or more attempts.
The automated verification system ensured objectivity by
requiring the code to meet specified criteria, including syn-
tax correctness, functionality, and logical flow. Immediate
feedback on failed test cases allowed students to iteratively
refine their code until all tests were passed.

VOLUME 24(2), 2025 323



Yan Watequlis Syaifudin et al./ International Journal of Computing, 24(2) 2025, 318-327

Table 4. Completion Time Results on Each Module

Metric Mod 1 Mod 2 Mod 3 Mod 4 Mod 5 Mod 6
Passed (stu-
dents)

150 150 150 150 150 150

Failed
(students)

0 0 0 0 0 0

Minimum
submissions

1 1 1 1 1 1

Average sub-
missions

1 1 1.13 1.1 1.25 1.38

Maximum
submissions

1 1 2 2 3 4

Fastest (min-
utes)

2 2 7 10 12 12.7

Average
(minutes)

10.2 10.6 10.8 10.7 12.7 15.7

Longest
(minutes)

20 24 26.7 30 25 48

B. GENERAL RESULTS
During the evaluation, all students smoothly executed the
technical aspects, with their computers set up without prob-
lems, leading to a smooth start to the learning activities.
The web application, which served as the central platform
for delivering learning modules and verifying submitted
code, performed efficiently throughout the day, while Visual
Studio functioned flawlessly, providing essential tools for as-
signments. Stable WiFi and internet connections ensured un-
interrupted access to online resources. Notably, all students
successfully completed the modules, demonstrating the ef-
fectiveness of the instructional design. Clear and accessible
guidance allowed students to easily understand instructions,
while the ability to approach assignments through their
unique learning experiences fostered personal strategies and
creativity in problem solving. Additionally, straightforward
feedback allowed students to learn from and correct their
errors effectively.

C. COMPLETION TIME
All 150 students successfully passed each of the six mod-
ules, with no failures reported, as shown in Table 4. For
modules 1 and 2, most students completed tasks with a
single submission, while module 3 through module 6 saw
a slight increase in average submissions, indicating more
complexity or the need for retries, particularly in module
6, which required up to four submissions. The minimum
number of submissions was consistent at one for all mod-
ules, while the maximum varied from one to four, reflecting
different difficulty levels. Regarding completion time, the
fastest students finished modules 1 and 2 in just 2 minutes,
with subsequent modules taking longer, culminating in mod-
ule 6 at 12.7 minutes. On average, students spent between
10.2 and 15.7 minutes on the modules, with the longest
times ranging from 20 minutes in module 1 to 48 minutes
in module 6, highlighting the increasing difficulty as they
progressed through the modules, as shown in Figure 6.

Figure 6. Completion time results for 150 students

Table 5. Three Difficulty Levels for Six Modules

Level Learning Modules
Easy Module 1, Module 2

Moderate Module 3, Module 4

Hard Module 5, Module 6

D. CLASSIFICATION OF DIFFICULTY LEVELS
The difficulty levels of the learning modules can be classi-
fied as follows, according to the results in Table 5:

• Easy: Modules 1 and 2 were completed with an average
of one submission, and the fastest completion time was
2 minutes, with overall times remaining low.

• Moderate: Modules 3 and 4 required slightly more
submissions, with some students needing two attempts.
Average completion times increased modestly, indicat-
ing a moderate challenge.

• Hard: Modules 5 and 6 had higher average submissions
and completion times. Module 5 required up to three
attempts, while Module 6 was the most challenging,
requiring up to four submissions and a maximum
completion time of 48 minutes.

E. ANALYSIS ON EVALUATION RESULTS
The evaluation results of the PHP programming self-
learning system evaluation reflect a high level of effective-
ness, with all 150 students successfully completing each
of the six modules and no failures reported. The success
rate of 100% reflects the fact that all students were able
to pass all test cases in the predefined test suites for each
module after one or more attempts. Success was measured
based on the automated verification system, which required
students’ code to meet all specified criteria in the test suites.
The seamless setup of technical components, including the
web application and Visual Studio, facilitated a smooth
start to the learning activities. The instructional design
effectively helped students grasp PHP concepts, enabling
creative problem-solving and personalized strategies. The
rise in submissions for complex modules (5 and 6) high-
lights meaningful engagement with challenging material,
while the clear feedback system facilitated error correction
and skill improvement.
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Table 6. Students’ Feedback on Proposed Framework

Types Students’ Comments
Positive Re-
sponses

- It helped me understand basic PHP concepts better,
especially in practical applications;
- The testing method is very effective, helping me
identify areas for improvement;
- The practical learning flow is clear and easy to
understand;
- The instructions in the web are very clear, and I feel
more confident using PHP.

Obstacles on
Learning

- Some students experienced technical difficulties that
extended the time;
- The guidance is in English.

Constructive
Suggestions

-Provide additional practical examples before the trial
for better preparation;
- Include more detailed explanations for complex con-
cepts to aid understanding;
- Provide local language for better reading in guidance.

F. FEEDBACK FROM STUDENTS
Table 6 provides students’ feedback during the evaluation
consisting of positive responses, learning obstacles, and
constructive suggestions. However, some feedback indicated
areas that require attention to enhance the overall learning
experience. Students reported experiencing technical diffi-
culties that extended their completion times, highlighting
the need for robust technical support to address such is-
sues. While some students required additional submissions
to achieve this, the iterative feedback mechanism enabled
them to identify and correct errors effectively, ensuring
eventual success. Additionally, the exclusive use of English
in guidance materials could limit accessibility for non-
native speakers, posing a barrier to comprehension [36].
To address these concerns, it is suggested that additional
practical examples be included. Moreover, offering detailed
explanations for complex topics and providing guidance in
multiple languages would improve overall understanding
and accessibility.

VI. DISCUSSIONS
The proposed system demonstrates great potential to support
the study of web programming using test-driven learning
(TDL) and automated feedback, helping students master
PHP through structured modules and real-time error iden-
tification. Its feasibility is demonstrated by the seamless
integration of accessible tools such as XAMPP, Visual
Studio Code, and PHPUnit, which work with standard
hardware, making it adaptable for diverse settings. The
modular design and scalability of the framework make
it a viable candidate for development into an innovative
educational product. By addressing the limitations, it could
evolve into a comprehensive solution tailored to modern
learners, bridging gaps in current platforms, and fostering
self-directed web development learning.

While the framework demonstrated high effectiveness,
several limitations were identified. Technical difficulties,
such as software setup issues, highlight the need for pre-
configured environments or offline support. Additionally,

students requested more detailed explanations and advanced
topics, indicating opportunities to expand content depth and
scope. The feedback mechanism could be improved by
providing contextual error explanations, and collaborative
learning features, such as gamified challenges, could en-
hance engagement. Another aspect to consider is the absence
of focus on cybersecurity principles and the implications of
real-time updates in web applications [37]. Although the
framework effectively imparts foundational PHP syntax and
programming concepts, it currently lacks guidance on secure
coding practices, including input validation, SQL injection
prevention, and cross-site scripting (XSS) mitigation [38].

AI-powered tools have advanced programming education,
however they often focus on general-purpose or front-
end development, neglecting server-side needs like PHP.
Additionally, AI-generated solutions lack structured learning
and code accuracy assurance, critical for education and
assessment. The proposed framework addresses this by inte-
grating test-driven learning (TDL) with automated feedback,
enabling iterative testing and debugging of PHP code. TDD
ensures rigorous validation against predefined test cases,
fostering core programming skills and logical reasoning.
Furthermore, the modular design of the framework al-
lows future AI integration, enhancing personalized learning
through adaptive guidance and advanced error explanations.

VII. CONCLUSION
This paper presented a proposal for a self-learning frame-
work for PHP programming employing a test-driven learn-
ing approach to enhance students’ coding skills and under-
standing of PHP fundamentals through direct interaction
with test suites. This structured learning model encour-
ages hands-on coding practice and self-verification against
predefined test suites, promoting mastery of basic syntax
while fostering critical thinking and problem solving abil-
ities essential for progressing to advanced programming
concepts. The automated testing tool, PHPUnit, offers real-
time feedback that enables students to identify and correct
errors. The evaluation of the framework, involving a diverse
group of 150 students, revealed high engagement and suc-
cessful completion rates, demonstrating its effectiveness and
adaptability to various learning styles.

The research findings demonstrate the high effectiveness
of the proposed PHP self-learning framework, achieving a
100% success rate through structured test-driven learning
(TDL) and automated feedback. The seamless integration
of tools highlights its feasibility and adaptability for diverse
educational settings. While the framework successfully fos-
ters foundational PHP skills and creative problem-solving,
limitations such as technical difficulties, language barriers,
and the need for more detailed explanations and advanced
topics were identified. Future work will focus on addressing
these gaps by incorporating pre-configured environments,
multilingual support, and secure coding practices, alongside
expanding content depth and integrating AI-driven adaptive
guidance.
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