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Abstract

This study was focused on the development of a web e-learning application for the database courses taken by
Information Technology (IT) students of the College of Information and Communications Technology (CICT)
of the Bulacan State University (BulSU). The research methodology used in this project was the developmental
approach. The Agile Software Development methodology was followed phase by phase, up to the development
phase, to develop the system. It was used to produce the desired output rapidly while allowing to go back phases
without finishing the whole cycle. Moreover, this study was focused on providing lessons about Structured
Query Language (SQL) in MySQL and SQL Server approach. The project provided quizzes and examinations to
allow self-assessment of learning.

Additionally, an Entity Relationship Diagram (ERD) simulation was included to provide ERD creations in drag-
and-drop. This study was evaluated using ISO/IEC 25010 software quality evaluation criteria. The study's
overall mean was 4.24, 4.41, and 4.33, all with the descriptive meaning of the Very Good, which showed that
the system performed its necessary functions as perceived by students, faculty members, and experts,
respectively. The project was fully developed and may improve students' learning upon its implementation.
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1. Introduction

People can learn, communicate, and play with other people all around the globe. Learning online through
technology-based can spread knowledge to other people [1]. Students could be in a class using the internet and
can get feedback instantly through online learning. Because of that, education online became popular and
beneficial to an institution [2,3].

E-Learning is a catch-all term that describes training or any educational activity delivered to learners through
an electronic device [4]. Typically, through a website or an application, the learner accesses a computer [5,6]. E-
Learning web application is different when students are reading a book. This web application can help people to
study databases. The research's specific objective focuses on discussions, quizzes, case studies, and simulations
about databases. This application can resolve other people who do not read a book anymore and use technology

[7.8].
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Wa3schools is a web application that allows its users to study and learn anything about developing websites
using web programming languages such as JavaScript (JS), Hypertext Pre-processor (PHP), Cascading
Stylesheet (CSS), and more [9]. This web application provides a part of their learning course where the user
may code independently, try out the examples given, and enhance them as to how the user wants. Another
excellent web application for programmers to learn different languages is the w3resource [10]. W3resource
provides topics about a programming language and provides a complex set of exercises depending on a given
topic. Each of the activities has its solution, and the user may code in their solution on a given problem to try it
out on their own.

Bulacan State University (BulSU) is a state university located at Malolos, Bulacan, which has 13 colleges in
the main campus, and four external campuses, namely: (1) Meneses Campus, located at Bulakan, Bulacan, (2)
Hagonoy Campus, located at Hagonoy, Bulacan, (3) Bustos Campus, located at Bustos, Bulacan, and (4)
Sarmiento Campus, located at San Jose del Monte, Bulacan. The researchers focused on one of the colleges on
the main campus, the College of Information and Communications Technology (CICT), which has
approximately 2,300 Information Technology (IT) students from 1%t to 4™-year levels. 1,000-1,100 students from
the total number of IT students of CICT are on their 2™-year level. Having the number of students who need to
learn the subject Database Management Systems (DBMS) and the number of faculty members who have
expertise in DBMS may fail in its ratio.

An e-learning web application for database courses offered by the College was developed to address the
issue. This application provided lessons about the syllabus's flow in the said College on teaching the database
courses. This application also contains Structured Query Language (SQL) lessons in MySQL and SQL Server.
Quizzes are given per lesson, and an examination is given per topic.

Other faculty members may use the web application to teach their class based on the College's syllabus in the
database. This application could be used as an additional teaching tool in aiding distance learning.

1.1 Project Objectives

The study aims to develop a web-based e-learning framework covering database topics provided by Bulacan
State University's College of Information and Communications Technology in the Philippines.

Specifically, this also answered the following questions:

1. How may the design and development of the web e-learning application of database courses be
addressed?

2. How may an entity-relationship diagram simulation be integrated within the system?

3. How may the system acceptability be determined using the ISO/IEC 25010 standard software quality
evaluation criteria as perceived by:

3.1. IT Students;

3.2. Faculty Members; and

3.3. IT Experts?
2 Experimental And Computational Details
2.1 Research Methodology

For the effectiveness and accuracy of the developed system, developmental research was applied. In
developmental research, the processes necessary were studied upon developing the web application and evaluate
each process that it shall meet the set criteria for evaluators' acceptance to the developed e-learning web
application. All gathered data were analyzed from its intended users, leading to the development of the database
e-learning web application.

2.2 Software Development Methodology

The system was developed by following the phases of Agile software development methodology [11,17]. It
allowed the web application development by going on different phases, revisiting a phase if changes shall be
done on past phases, and modifying contents from past phases if anomalies were found during the web
application development.
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2.2.1 Requirements. The gathered data through a questionnaire were answered by IT students, mainly 2"-
year level students, as they are the students who were currently taking the database courses. Faculty members
who were teaching databases were also encouraged to answer the said questionnaire.

2.2.2 Plan. In this phase, the data gathered from students and faculty members were analyzed. From then, the
possible features and their contents were formed and identified for the web application.

2.2.3 Design. The focus of this phase is designing the user interface of the web application. A visual table of
contents (VTOC) was intended to identify which contents and functionalities are under the web application
feature. A context diagram was also formulated in this phase.

2.2.4 Develop. After finalizing the requirements on the past phase, development of the database e-learning
web application, maximizing web technologies were started. In this phase, all the features and functionalities of
the web application were designed and programmed. Different tools were used for development that achieved
the developed web application. Hypertext Markup Language (HTML), CSS, JS, and PHP were used to create
both ends of the e-learning web application. Frameworks, such as Bootstrap and jQuery, were also used as part
of the development tools.

2.2.5 Release, Track, and Monitor. In the release phase, the system is deployed, operational, and used by its
intended users. After the deployment, the track and monitor phase shall be done to maintain and update the
developed web application. These phases were no longer covered by the study as the study only covers up to the
web application development.

2.3 System Evaluation: Software Quality Evaluation Criteria from ISO/IEC 25010:2011

The software quality evaluation criteria from International Organization for Standardization/International
Electrotechnical Commission (ISO/IEC) 25010:2011 [12] were used to determine the acceptability of the
developed web application's quality. Most software developed was tested by its quality in terms of its
functionality and delivery of features without any anomaly. The ISO/IEC 25010:2011 standards were used as
the evaluation criteria of the developed system.

For the sampling techniques used, the expert or judgment sampling [13] was used to 10 IT experts and
professionals who evaluated the web application's acceptability in terms of its technicality. On the other hand,
convenience sampling [14] was used on 50 2" year IT students of BulSU-CICT. These students were the
intended users of the web application. As part of the beneficiaries, convenience sampling [14] was also used to
10 faculty members of the College handling the database courses.

An evaluation survey was conducted on the students and faculty members of BulSU-CICT that evaluated the
developed web application's quality. ISO/IEC 25010:2011 was used to measure the web application's usability
and was computed using the five-point Likert-type Scale [15,16].

Numerical Rating Interpretation
4.50-5.0 Excellent
3.50-4.49 Very Good
2.50-3.49 Good
1.50-2.49 Fair

1.0-1.49 Poor

3 Results And Discussion
3.1 Design and Development of the Web-based Database Course E-Learning Application

The functionalities under each feature were shown using VTOC. The flow of the web application was
described using VTOC, which was exposed in a list format. The list of menus available on the web application
and their relevant contents are shown in Fig. 1 and are used as a reference in creating the web application.
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Figure 1: Visual Table of Contents of the E-Learning Web Application

A context diagram, otherwise known as a level 0 data flow diagram (DFD), was used to direct the
researchers about how data can flow as users interact with the web application. DFDs show all data flow from
process to process and how to create each function based on the data. The context diagram used as a reference
during the web application development is shown in Fig. 2.
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Figure 2: Context Diagram of the E-Learning Web Application

Fig. 3 and Fig. 4 show the web application section, which included the discussion and web application
lessons. Discussions of MySQL and SQL Server were given as lessons. Each query language was broken down
into chapters that covered everything from the basics to advanced techniques.

In terms of the lessons offered by the web application, Fig. 3 depicts the created web application. Fig . 3
shows the lesson's discussion.

5417



Aaron paul m. Dela rosa, Luigi Miguel m. Villanueva, john mardy R. San migue, John emmanuel B.
Quinto

Chapter 1: MySQL Create Database

The creare oamsase Statement

You con create o new datobase using the CREATE DATABASE statement. This stotement is port of SQL.
which is o speciol-purpose languoge for querying ond progromming datoboses.

‘The syntox is CREATE DATABASE db_nome where db_nome is the name of the datobase you wont t
::::::

For exomple, to create o datobose colled CICT_Students type the following into the Query Tob and run the
query

Figure 3: Part of the Web Application that Provides the Lesson Part

Fig. 4 shows the developed web application in terms of the example code provided by the web application.
The lesson that presented an example of SQL code and its resulting outcome if executed is shown in Fig. 4.

#

The following example finds the customers whose Last nome starts with the letter

Code

Result

omple finds the products where the category identification number is one ond the list
chon 4OD:

Figure 4: Part of the Web Application that Provides the SQL Code and its Corresponding Result Part
3.2 Integration of ERD Simulation

An ERD Simulator was integrated to which the students may use on creating their ER Diagrams. Fig. 5
shows the simulation page where the students may select which element shall appear in the diagram. The
components may be moved through drag-and-drop action to arrange the diagram according to their liking.

@

Figure 5: Making an ER Diagram through Simulation

Moreover, they may create a relational schema using the simulation. Fig. 6 shows how a user may create a
relational schema. Options for the elements were provided at the top of the workspace. Drag-and-drop action
can be done in the workspace to adjust the arrangement of the relational schema elements.

"
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Figure 6: Making a Relational Schema through Simulation
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3.3 System Acceptability Using the Software Quality Evaluation Criteria from ISO/IEC 25010:2011

The developed database e-learning web application was evaluated by its intended users, students, faculty
members, and experts to measure the system's acceptability [12]. The system's acceptability was calculated from
the model of ISO/IEC 25010:2011: Functional Suitability, Performance Efficiency, Compatibility, Usability,
Reliability, Security, Maintainability, and Portability. Functional Suitability was measured if the web
application met the needs when used under specific conditions. Performance Efficiency was measured through
the number of resources used. Compatibility was measured through the web application's ability to
communicate to other products or components. Usability was measured if its intended users can use the web
application to achieve necessary goals with effectiveness, efficiency, and satisfaction. Reliability was calculated
if the web application performs its desired task in a given period. Security was measured on how the web
application protects the data. Maintainability was measured through its efficiency and effectiveness upon
improvements. Portability was calculated if the web application could be transferred from one environment to
another.

3.3.1IT Students. The result of the web application's evaluation as perceived by the IT students was 4.24
with a descriptive interpretation of the Very Good, as shown in Table 1. This indicates that the students who
evaluated the system learned something from the web application in a short period of evaluation. As the students
tried to use the web application, the web application functioned well and correctly and provided the appropriate
contents on each provided lesson.

Table 1: Overall Summary of the Respondents Rating as Perceived by Students to the Web Application

Item Mean  Interpretation
Functional Suitability  4.37 Very Good
Performance 4.33 Very Good
Efficiency

Compatibility 4.34 Very Good
Usability 4.21 Very Good
Reliability 4.16 Very Good
Security 4.04 Very Good
Maintainability 4.15 Very Good
Portability 4.33 Very Good
Total Mean 4.24 Very Good

3.3.2 Faculty Members. The result of the web application's evaluation as perceived by the faculty members
was 4.41 with a descriptive interpretation of the Very Good, as shown in Table 2. Among the three assessments,
faculty members' evaluation achieved the highest rating. This indicates that the web application contents are
effective, efficient, and accurate to help their teaching in the database subject.

Table 2: Overall Summary of the Respondents Rating as Perceived by Faculty Members to the Web Application

Item Mean Interpretation
Functional Suitability — 4.47 Very Good
Performance 4.47 Very Good
Efficiency

Compatibility 4.60 Excellent
Usability 4.50 Excellent
Reliability 4.25 Very Good
Security 4.24 Very Good
Maintainability 4.28 Very Good
Portability 4.47 Very Good
Total Mean 4.41 Very Good

3.3.3 IT Experts. The result of the web application's evaluation as perceived by the IT experts was 4.33 with
a descriptive interpretation of the Very Good, as shown in Table 3. This indicates that for experts, in terms of the
web application's technicality, the functionalities of the web application are well-functioning and correct that
met the needs of the intended users.

Table 3: Overall Summary of the Respondents Rating as Perceived by IT Experts to the Web Application

Item Mean  Interpretation
Functional Suitability 4.42 Very Good
Performance 4.46 Very Good
Efficiency
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Compatibility 4.36 Very Good
Usability 4.25 Very Good
Reliability 4.35 Very Good
Security 4.14 Very Good
Maintainability 4.28 Very Good
Portability 4.41 Very Good
Total Mean 4.33 Very Good

4 Conclusions

In conclusion, the developed web application specifications were thoroughly evaluated based on the
expected users' responses to a questionnaire to develop the appropriate features of the e-learning application.
The web application was created and tested to assess its acceptability. The evaluation's average descriptive
ranking was Very Good, indicating that the e-learning web application's functionalities are both right and
considered suitable by the evaluators. All of the features were needed for a web-based database courses e-
learning application.

5 Recommendations

Considering the conclusions of the study, the following recommendations were drawn and can be used by
future researchers in the field of Information Technology or Information Systems:

1. Provide more difficulty on the quizzes and examinations to provide a more complex self-assessment on
learning.
2. Include more query languages than MySQL and SQL Server, such as Oracle, PostgreSQL, and the like.
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