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Abstract—The Covid-19 pandemic turned educational institutions from face-to-face to modular learning
modality. Through the implementation of distance learning scheme in the Philippines, Eastern Samar State
University (ESSU) also adapted this new normal learning strategy through development of mobile-based
course modules for distance learning as an alternative to its present modular distance learning approach.
Paper-based modules seemed to be expensive and sometimes texts are not clear and readable. Thus, students
get bored and perform low at school. As a response, a mobile-based course learning module is developed for
offline learners. This study employs Waterfall model in the development of the application. This model
follows several phases from designing, developing and testing the application to ensure its quality. The
findings of the study show that the application is highly usable and functional after series of tests conducted.
Moreover, it gained 88.75 overall score in the System Usability test conducted. This implies that the
application is usable, user-friendly, functional, and portable. A further study may be conducted on the
effectiveness of the mobile application in the instruction.

Keywords— Maobile Learning, Mobile Development, Course Modules, Waterfall Model, Eastern Samar

I. INTRODUCTION

The Covid-19 pandemic had a significant impact on human life and even caused widespread disruption. To
lessen the spread of the virus and prevent infections, most countries have temporarily closed educational
institutions [1]. As a result, face-to-face classroom learning interactions were put on hold. As an immediate
response to assure the continuity of education in the Philippines, the country has already adopted a new normal
form of education through the implementation of Modular Distance Learning.

Meanwhile, technological advancements have progressed to the point of practical application, causing
changes in the evolution of instructional design. Many schools are turning to distance learning as an alternative
teaching approach, either as a supplement to normal sessions or as a backup plan in the event of a crisis like the
current pandemic. In a distance learning context, mobile learning has become an effective tool for delivering
instructional information.
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Due to the pandemic, educational institutions all over the world shifted from face-to-face instruction to more
flexible learning methods. As a result, one technique for keeping the students engaged in class is to incorporate
mobile devices. As a result, plenty of new ideas and studies have developed to address a variety of concerns
related to the use of mobile technology in educational settings. To be able to critically comprehend the
background of the growth and integration of mobile technology in education, a brief overview of the literature
on m-learning research is presented to try to understand the unquestionable benefits of using these devices [2]
[3]. In fact, as Sun et al. [4] revealed that digital learning is perceived to be more appealing.

In the Philippines, teachers prepare printed modules for the students to read and answer. These modules are
sometimes not clear and seemed monotonous to the student. Thus, it leads the students to have low performance
at school. As evidence, Greener et al. [5] found that students are more interested in learning activities when they
use digital resources rather than the traditional paper-based approach. Paper-based modules are less beneficial
for students, especially in Technology-based programs, because they demand students to visualize the
knowledge. The mobile learning management system, as a novel platform in the educational environment, is
thought to be extremely adaptable to student learning styles [6].

According to Mulholland et al. [7], students who use digital books for studying had stronger affective and
psychomotor learning than students who utilize textbooks. The mobile learning management system, as a novel
platform in the educational environment, is thought to be extremely adaptable to student learning styles [8].
According to the findings of Samsudin et al. [9], mobile applications can aid students and teachers in more
effective teaching and learning. Its goal is to uncover key characteristics of mobile learning. Furthermore, the
research intends to develop a new paradigm for Malay language teaching and learning in the context of sign
language using digital technologies such as mobile apps.

In Europe, a vocational training-based research project called "Next-Generation Mobile Learning" aims to
promote work-based learning and solve practical problems. The Human-Computer Interaction Laboratory at the
University of California, Berkeley, offers mobile learning courses for elementary and secondary school students.
The goal of the study is to improve the effectiveness of teacher-student communication in the classroom and the
impact of external learning, demonstrating that foreign research on mobile learning is grounded in experience
and application-based [10] [11].

Lai et al. [12] set out to create a mobile-learning management system that would help students overcome the
challenges of outdoor learning. The findings suggest that the mobile learning model combined with the study's
system has a favorable and significant impact on learners' cognitive achievement. Sasongko et al. [13] created a
learning package for mechanical engineering students based on a mobile device for an automobile engineering
course. Because it was shown that the majority of students had auditory and kinesthetic learning styles, the
module will be created with an auditory and kinesthetic learning style in mind. As a result, the module will be
primarily audio-based. The average assessment score was 85.4 percent, showing that the learning module was
widely accepted. It means that e-publication module distribution in engineering education has the potential to
achieve widespread acceptability as a supplement to in-class and practical learning.

Finally, Tu [14] investigates a learning approach that blends mobile learning via mobile apps with English
instruction. This article focuses on examining the usage of a mobile app in English education in a smart
environment, employing the mobile learning English model and using questionnaires and comparisons to divide
two similar classrooms into an experimental and control class. The experimental design concluded that using a
mobile app to assist English teaching in all aspects of relative improvement of the English class’ performance,
the teaching effect is obvious, effectively improves students' interest in learning English and, at the same time,
realizes students' mobile learning, changes the scope of teaching activities from classroom changes to a mobile
learning, and changes the scope of teaching activities from classroom changes to a mobile learning.

The researcher discovered that using mobile technology is particularly an effective means of learning after
reading the aforementioned literatures and studies linked to the adoption of technology in education. As a result,
the researcher was inspired to create an application that would meet the demands of pupils during this pandemic.
Using a techno-centric approach, development of mobile-based modules in the academe for instruction is the
purpose of this study. Thus, this will create a portable, cost-effective, and most importantly, effective for
students’ learning. Since there is internet connection problem in the country, the application is designed for
offline learners. The developed application will be installed on smartphones offline in an attempt to replace
traditional paper-based modules due of its ability to enable collaborative learning and increase student
enthusiasm [15]. The smartphone device was considered since it is quite popular among students. The usage of
a smartphone allows easy access to study content at any time and from any location. [16]. Students will be more
interested in learning about the subject matter if it is presented in this manner.
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Il. METHODOLOGY

This section shows the different methods used in the conduct of the study. It includes the research design,
respondents, instrumentation, strategies in the software development and deployment, and the hardware and
software specifications.

A. Research Design

The descriptive research design and the developmental method were the educational research methods used
by the researcher in this study. The documentary analysis technique was utilized to collect inputs such as course
details and content, which would be used as the foundation for the development phase. The mobile application,
on the other hand, was designed, developed, and tested using Waterfall model as a Software Development Life
Cycle as shown in Fig. 1.

The system’s development lifecycle concept applies to a range of hardware and software configurations, as a
system can be composed of hardware only, software only, or a combination of both. There were six stages in
this cycle: requirement analysis and definition, system and software design, implementation and unit testing,
integration and system testing, deployment of system, and operation and maintenance.

In the first step, requirement analysis and definition, the goals were into defining functions and operations of
the intended application. This involved the process of gathering and interpreting facts, diagnosing problems, and
recommending improvements to the system. In the second step, system and software design, desired features
and operations were described in detail, including screen layouts, process diagrams, and other documentation.

Lastly, in the third step, implementation and unit testing, was concerned with the physical construction of the
software as set out in the design stage. This was normally done by a development team that consists of
programmers, interface designers and other specialists, as well as developing working and reliable software.
This phase also documented the work that has been done to date and provides help for current and intended
users of the system.

Requirement Analysis
and Definition J ]

System and Software
Design

I -:@
EEES

=

Operation and
| Maintenance

Fig. 1 Waterfall model system development life cycle.

B. Respondents

The respondents of the study in the data gathering procedure were the fifteen (15) faculty members, 10
females and 5 males handling subjects in the College of Computer Studies (CCS). For the developmental
method, the respondents included the researcher itself and two (2) faculty advisers both females, the fifteen (15)
faculty members in CCS who were considered as experts in system programming, fifty (50) 2nd Year Bachelor
of Science in Computer Science students, 30 females and 20 males, as end-users.

C. Instrument and Data Gathering

A set of interview questions were given to the selected faculty members. The data that were collected from
the respondents were consolidated, analyzed and encoded as input and basis of product development that
eventually led to an efficient Mobile-based Course Learning Modules for Distance Learning.
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D. Application Development

During the development of the system, the researcher acquired data or information from college faculty
members that would be required to envision the application's general features. The researcher also gathered the
necessary hardware and software specifications to begin the system's development. The researcher created a
data flow diagram and a system flowchart to develop the system. Furthermore, the researcher created the
application by operationally combining all of the obtained data or information, as well as all of the researchers'
notions.

The application was then designed and built using Android Studio. Before it was distributed to its end users,
the researcher tested the application for design flaws, usability concerns, and access faults. The researcher ran a
series of tests, including benchmark, alpha, and beta testing, to correct any problems and meet all user
requirements. Faculty members and students were the primary assessors and end-users of the application,
therefore these tests were evaluated by them.

E. Application Deployment

In the deployment of the application, the user must have a mobile phone with an android version of at least
android 4.4 (Kitkat). The application can be shared via Bluetooth, Shareit, or it can be downloaded to any cloud
storage if uploaded.

F. Hardware Specifications

Table | shows the hardware requirements used in developing and deploying the application. This is needed to
complete the action of the application. This would include the following hardware requirements. In developing
the application, the application required a hard disk drive and a processor for the computer to run. The
application would also require a keyboard to allow the researcher to type the codes of the system and a mouse to
position the cursor, draw and execute program functions by clicking mouse buttons. In deploying the
application, the end-users would need a smart phone to run the application.

TABLE |
HARDWARE SPECIFICATIONS

Hardware Minimum Requirements Actual Requirement
Processors Intel Pentium dual core Intel® Celeron® CPU
1.3GHz N3060 @ 1.60GHz
RAM At least 2GB 4GB
Hard Disk Drive 50 GB (At least) 150 GB
Mouse Any Mouse Acer Mouse
Android Phone Any Android Phone Samsung Mobile

G. Software Specifications

Table 1l shows the software requirements used in developing and deploying the application. This is needed to
complete the action of the application. This would include the following software requirements.

In developing the application, the application would require Microsoft operating system to interact with
computer’s hardware. The application also required Android Studio as the software to be used in developing the
application. The researcher used Java as programming language in developing the application. In the
deployment of the application, the researcher would use an Android Operating System (OS) to run the mobile

phone.

TABLE Il
SOFTWARE SPECIFICATIONS
Software Minimum Requirement Actual Requirement
Android Studio 32 32
Microsoft OS Windows 7 Windows 10
Java Java Java
Android OS Android 4.4 (Kitkat) Android 6.0
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1. TESTING RESULTS AND DISCUSSION
This section presents the results of the different strategies as well as the screenshots of the application.

A. Acceptance Testing

Following the application's development phase, it was subjected to a set of tests in order to assess its quality.
This allowed the researcher to see if the requirements set forth during the development stage had been met.
During each test, respondents indicate which requirements were not met and which needed to be eliminated,
amended, or added due to changing demands.

The benchmark test was the first to be undertaken. Following Benchmark testing, the Pilot test, which
includes the Alpha and Beta tests, was conducted. Fifteen (15) core faculty of the College of Computer Studies
(CCS) took part in an alpha test in the CCS building's audio-visual room, where they scored the application
using the same score card. The most recent test was a beta test in which a group of CCS students evaluated the
application using the same score card. The test's responses were students from CCS, who are regarded the
application's primary assessors and end users.

The researcher used 1SO scorecards to assess the application. ISO/IEC 9126 standard describes a software
quality model which categorizes software quality into six (6) characteristics or factors which are the following:
functionality, reliability, usability, efficiency, maintainability, and portability. This focuses on the assessment of
the internal quality of a software product.

The attribute of being adapted to serve a purpose well in practice was described by the functionality
perspective. The reliability perspective described the trait of being dependable or regularly operating well. The
degree to which anything is able or fit to be utilized is described by the usability perspective. The Efficiency
perspective defined efficiency as a state or quality. The chance of completing a successful repair activity within
a certain time is described by the maintainability perspective. The ability of software to be shared and installed
is referred to as portability.

Table 111 shows the categories, codes, and descriptions for a 5-point rating scale:

TABLE 111
SYSTEM USABILITY SYSTEM

Scale Code Description
4.20-5.00 5 Excellent
3.40-4.19 4 Very Good
2.60-3.39 3 Good
1.80-2.59 2 Poor
1.00 - 1.79 1 Very Poor

B. Benchmark Test

Table IV presents the summary of the benchmark test on the quality attribute of the Mobile-based Course
Learning Modules for Distance Learning. The test was carried out by the researcher itself together with two
faculty advisers. The researcher utilized a score card to evaluate the developed system before the test began.

After this test, all of the benchmark test's criteria were computed. The total mean was calculated by adding

the results of the six criteria. During the test, it received a mean score of 3.75 on the "Functionality" category,
indicating that it is Very Good. “Reliability” had a 3.50 average score, which is considered Very Good.
“Usability” received a mean score of 3.40, which is considered Very Good. “Efficiency” received a 3.30
average and was rated as Good. “Maintainability” had a 3.30 average and was rated as Good.
During the test, other smartphones did not have the app installed. As a result, “Portability” received a 3.20
average and was rated as Good. However, the grand mean score of 3.40, which was evaluated as Very Good.
This indicates that the produced application performed its intended function, but is has portability constraints.
To address the issue, the application was upgraded and built in Android Studio. The system's portability
improved after the benchmark test. The application is now ready for Alpha Testing, which will be conducted
with CCS faculty members as participants.
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TABLE IV
SUMMARY OF BENCHMARK TEST RESULT

Criteria Mean Interpretation
1. Functionality 3.75 Very Good

2. Reliability. 3.50 Very Good

3. Usability 3.40 Very Good

4. Efficiency 3.30 Good

5. Maintainability 3.30 Good

6. Portability 3.20 Good

Overall Mean 3.40 Very Good

C. Alpha Test

Fifteen (15) CCS faculty members rated the Alpha test. The researcher first demonstrated how to rate the
program using the Android application and described each criterion prior to the rating. During the testing, the
majority of faculty members praised the application's performance and ease of use, but some had ideas for
improvements, such as adding the ability to search by topic.

The results of the Alpha test on the quality characteristic of the Mobile-based Course Learning Modules for
Distance Learning are summarized in Table V. The total mean was calculated by adding the results of the six
criteria. It received a mean score of 3.95 on the "Functionality" category, indicating that it is Very Good.
“Reliability” received a mean score of 3.87, which is considered Very Good. “Usability” received a mean score
of 3.75, which is considered Very Good. “Efficiency” received a mean score of 3.60, which is considered Very
Good.

On the other hand, “Maintainability” received a 3.40 average and was rated as Very Good. “Portability”

received a mean score of 3.73, which is considered Very Good. The system's quality attribute had a grand mean
score of 3.72, which was regarded as Very Good. This signifies that the developed application needs to be
improved in terms of maintainability score since the program cannot be changed while in use unless it is
modified using the software used in the development of the mobile application.
As a result, it incorporated some features based on faculty requests, such as the ability to search a specific topic
allowing students to have easier navigation and access to the mobile application's contents. This indicates that
the application is now ready for beta testing, in which users will evaluate the system's efficiency and
functionality.

TABLE V
SUMMARY OF ALPHA TEST RESULT
Criteria Mean Interpretation
1. Functionality 3.95 Very Good
2. Reliability 3.87 Very Good
3. Usability 3.75 Very Good
4. Efficiency 3.60 Very Good
5. Maintainability 3.40 Very Good
6. Portability 3.73 Very Good
Overall Mean 3.72 Very Good

D. Beta Test

At the College of Computer Studies, a beta test was conducted. The test's respondents were selected CCS
students who are the system's end-users. The participants tested the application's technically and functionality.
The Beta test on the quality attribute of Mobile-based Course Learning Modules for Distance Learning is
summarized in Table VI. The overall mean of the beta test was calculated by adding the results of the six criteria.
It received a mean score of 4.60 in the "Functionality” category, indicating that it is Excellent. “Reliability”
received a mean score of 4.25, which is considered Excellent.

In addition, “Usability” received a mean score of 4.75, which is considered Excellent. “Efficiency” received a
mean score of 4.50, which is considered Excellent. The term "maintenance” had a mean score of 4.20, which
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was regarded as Excellent. “Portability” received a mean score of 4.80, which is considered Excellent. The
system's quality attribute received a grand mean score of 4.52, which was regarded as Excellent. It indicates that
the program has passed and met the end-users' defined requirements. According to the test findings, the
application performs its functions accurately and is well-designed.

TABLE VI
SUMMARY OF BETA TEST RESULT

Criteria Mean Interpretation
1. Functionality 4.60 Excellent
2. Reliability 4.05 Excellent
3. Usability 4.75 Excellent
4. Efficiency 4.50 Excellent
5. Maintainability 4.20 Excellent
6. Portability 4.80 Excellent
Overall Mean 4.52 Excellent

E. Usability Testing

Following acceptance testing, a usability test was conducted to ensure that the produced system met the
requirements and was ready to be implemented. The study employed John Brooke's [17] System Usability Scale
(SUS), which assesses how well a product helps a user achieve her objectives. SUS has proven to be a useful
evaluation tool, as it is both robust and dependable. It has a good correlation with other subjective usability
measurements. During the test, the evaluators were selected students from the College of Computer Studies. The
system usability of Mobile-based Course Learning Modules is summarized in Table VII.

TABLE VII
SYSTEM USABILITY TEST RESULT
SUS

Statement Mean Score
1.The user thinks that I would like to use the application frequently 3.5 2.5
2.The user found the application unnecessarily complex 1 4
3.The user thought the application was easy to use 3.5 2.5
4.The user thinks that I would need the support of a technical person to be able to use 0 5
the system
5.The user found the various functions in this application were all integrated 3.5 2.5
6.The user thought there was too much inconsistency in this system 1 4
7.The user would imagine that most people would learn to use this system very quickly 4 3
8.The user found the system very cumbersome to use 0.5 4.5
9.The user felt very confident using the application 3.5 2.5
10.The user needed to learn a lot of things before I could get going with this system. 0 5
SUS Score 35.5
Overall SUS Score (SUS Score *2.5) 88.75

The SUS Scale is typically utilized after respondents have had a chance to use the system under consideration,
but before any debriefing or discussion. It represents the sum of the 10 item statements' scores. To get the SUS
score, add the score contributions from each item together. The score contributions for each item will range
from 0 to 4. The score contributions for items 1, 3, 5, 7, and 9 are the scale position minus 1. The contribution
for items 2, 4, 6, 8, and 10 is 5 minus the scale position. To calculate the total value of SU, multiply the sum of
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the scores by 2.5. A SUS score of 68 or higher is considered above average, while anything below 68 is
considered below average.

As shown in Table VII, it received a zero (0) mean score for item number 4 since the user does not require
technical assistance. It indicates that the application is easy to use and that the user had no difficulty navigating
it.

Also, item number 10 received a zero score, indicating that users do not do anything else before utilizing the
application. It signifies that the program does not require any further requirements before it can be used. In
general, the application's usability received an overall SUS score of 88.75. This indicates that the program has
been created to a satisfactory level of usability and is now ready for installation.

F. Screenshots

The following figures display the sample interfaces of the mobile application. Fig. 2 illustrates the main
interface of the application. It includes the chapters of the module as well as other features of the application.
Once the user selects a certain menu, it will prompt you to another interface of the selected topic.

= @ EASTERN SAMAR ’
3 F STATE UNIVERSITY

]

(B Chopte & Seorching

(B Chapter 5:Soring

COURSE HANDOUT IN
DESIGN AND ANALYSIS OF
ALGORITHMS

—

Fig. 2 Main interface and navigation drawer of the application.

As shown in Fig. 3, it is the interface for the topic selected. It displays the discussion proper of the lesson
wherein the user can view and read the content of the lesson. It also includes the Assessment for the users to
answer after reading the content of the module.

ks 0e mercnace
o — Tovaser -

Provem

Fig. 3 Interfaces for lesson and assessment view.
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The application has the ability to search a certain topic by typing the keywords. It will display results of the
search keys as depicted in Fig. 4. On the other hand, it shows other features of the mobile application. It also
shows the information about the application.

A* A\gomf\m'

| Backtracking
Best, Average, Worst Case Behaviors Basic Algorithmic Analysis
Basic Geometric Objects

Best, average, worst case behaviors

Best-First Search Algorithm
Time and Memory Complexity Binary Search
Branch-and-bound

Brute Force Algorithms

Bubble Sort

Assessment Depth-First Search Algorithm
Divide-and-Conquer strategies
Dijkstra’s Shortest Path

Generating Functions

Fig. 4 Interfaces for lesson menu and search view.

1VV.CONCLUSION AND RECOMMENDATIONS
A. Conclusion

Following acceptance testing, a usability test was conducted to ensure that the produced system met the
requirements and was. Based on the results of the study conducted, the following conclusion was drawn by the
researcher that the developed Mobile-based Course Learning Modules for Distance Learning in Eastern Samar
State University was user-friendly, functional and usable enough to be an alternative strategy instead of paper-
based modules to be given to the students. The application is cost-efficient, paperless, and portable and feasible
as supported on the findings of [18] because android-based m-learning media is valid, practical, and very
feasible to be used as a learning medium [19].

B. Recommendations

In light of the findings of the study, the following recommendations are herein introduced to give
appropriate results:

1. The researcher recommends to the institution to explore other learning modalities that will engage the
students in learning process.

2. In technological perspective, the user must have smartphones and install the application to have access of
the lessons for the subject matter.

3. A further study may be conducted on the effectiveness of using this application in instruction.
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