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Abstract—The increasing demand for proficient mobile app
developers necessitates an effective learning framework. This
research explores the integration of automated testing in a self-
paced learning framework for developing multimedia applica-
tions using Flutter, an open-source UI software development
tool. Motivated by the rising popularity of Flutter in mobile
application development, particularly for its cross-platform capa-
bilities and customizable widgets, the study addresses the gap in
mobile programming education by designing and implementing
learning modules that incorporate test-driven development (TDD)
practices. The learning topic, part of the Flutter Programming
Learning Assistance System (FPLAS), facilitates self-learning in
Android programming through a project-based approach. Eval-
uation through student feedback from 40 participants showed
significant improvements in understanding, engagement, and
project completion rates, resulting in a 100% success rate and
positive feedback, although some constructive suggestions for
improvement were noted. These findings suggest that integrating
TDD with structured instructional modules can greatly benefit
mobile programming education by encouraging self-directed
learning and enhancing practical coding skills.

Index Terms—Flutter; multimedia applications; TDD; self-
learning; learning assistance.

I. INTRODUCTION

The proliferation of smartphones and mobile applications
has fundamentally altered how we communicate, work, and
entertain ourselves [1]. As the mobile application market
continues to grow, understanding how software works and
the ability to write programs are now common requirements
when hiring employees [2]. There is also an increasing demand
for skilled developers proficient in cross-platform frameworks
such as Flutter. Flutter, an open-source UI software develop-
ment kit created by Google, has garnered significant attention
due to its capability to create natively compiled applications
for mobile, web, and desktop from a single codebase [3].

This versatility and efficiency make it an attractive choice for
developers and educators alike.

Educational frameworks in mobile programming must
evolve to keep pace with these technological advancements.
Traditional classroom-based instruction often falls short in
providing the hands-on, practical experience necessary for
mastering mobile development. Consequently, there has been
a shift towards self-directed learning (SDL), which empowers
learners to take control of their educational journey. SDL has
been shown to foster critical thinking, problem-solving skills,
and a deeper understanding of complex subjects [4].

However, self-directed learning in mobile programming
presents unique challenges. Learners often struggle with the
absence of structured guidance and immediate feedback, which
are crucial for effective learning. Timely feedback is necessary
to motivate students to learn and improve their activities [5].
To address these issues, this study integrates automated testing
into the instructional design. Automated testing, particularly
through the use of pre-prepared test files, provides learners
with resources to validate their code and receive instant
feedback. This approach has been proven to improve code
quality, facilitate early error detection, and enhance learner
engagement [6].

Moreover, the integration of multimedia elements in mobile
applications adds another layer of complexity. Multimedia ap-
plications, which include audio, video, and interactive content,
require a comprehensive understanding of both user interface
(UI) design and user interaction functionality. Previous re-
search highlights the importance of project-based learning and
real-world application development in acquiring these skills
[7]. Therefore, this study aims to develop a comprehensive
instructional module that leverages SDL principles, automated
testing resources, and multimedia application development



using Flutter.

Several studies have explored the benefits of SDL in
programming education. For instance, Knowles’ theory of
andragogy emphasizes the importance of self-directed learning
for adult learners, suggesting that they learn best when they
take responsibility for their education [8]. Similarly, Garri-
son’s model of SDL highlights the interplay between self-
management, self-monitoring, and motivation in the learning
process [9]. In the context of programming, SDL has been
linked to improved problem-solving abilities and greater adapt-
ability to new technologies [4].

Furthermore, the implementation of automated testing in
educational settings has shown promising results. Mekterović
et al. demonstrated that automated testing can provide im-
mediate feedback, helping learners identify and rectify errors
early in the development process [10]. Barra et al. reviewed
various systems for automatic assessment of programming
assignments, concluding that such systems can significantly
improve learning outcomes by ensuring consistent and objec-
tive evaluation [11].

This paper introduces the development of a topic of self-
learning to develop a mobile application that integrates multi-
media resources, namely Multimedia App, in Flutter Program-
ming Learning Assistance System (FPLAS) [12]. Specifically,
it focuses on providing a self-paced learning platform that
allows students to learn mobile programming using the Flut-
ter framework. Applying a test-driven development method
[13] replicating the project-based learning experience in a
computer-based learning system requires the implementation
of automated testing, including unit and widget testing to
generate automated assistance [14]. Flutter incorporates a
native testing framework, ’flutter test’, which facilitates both
types of automated testing for Flutter-based applications.

To provide diverse learning topics, FPLAS provides learn-
ing topics that represent each subject. The Multimedia App
topic provides a self-directed learning experience to develop
multimedia applications with multimedia interaction from
various sources. It combines sources and types of mixed
media resources and controls the interaction with them which
requires the ability to utilize widgets effectively, especially
interactive media widgets. To provide project-based learning,
an application has been planned, namely ’MediaPlayer’. This
application contains a splash, home page and media player
for audio and video files. Through six learning stages to be
completed sequentially, students can build this application and
achieve the learning objectives.

The remainder of this paper is structured into five sections,
which include: Section II presents several studies related to this
study, Section III reviews the concept of FPLAS, Section IV
explains the implementation of Multimedia App learning topic,
Section V evaluates the application of this learning topic to
students, Lastly, the implementation results are concluded in
Section VI with the presentation of the future works.

II. RELATED WORKS

The integration of automated testing in programming edu-
cation has shown significant improvements in code quality and
learning outcomes. Tampubolon et al. conducted a comprehen-
sive literature review on the challenges of applying test-driven
development (TDD) in software engineering, highlighting its
benefits in educational contexts [15]. Combéfis, S. demon-
strated that automated test generation can enhance learning in
programming courses by providing students with immediate
feedback on their code [16]. Their findings are supported by
Paiva et al., who emphasized the importance of automated
testing in providing consistent and objective evaluation of
programming assignments [17].

Falode et al. developed an interactive mobile application for
learning educational technology concepts, which incorporated
elements of SDL and multimedia. Their study found that
interactive, self-paced learning modules significantly improved
student engagement and understanding [18]. In the context
of mobile programming, SDL has been linked to improved
problem-solving abilities and greater adaptability to new tech-
nologies. Hmelo-Silver found that PBL fosters deep learning
and critical thinking skills by encouraging students to engage
in self-directed inquiry and problem-solving [19].

In previous research, the authors proposed FPLAS [14],
which features an automated Dart code verification tool
inspired by the Android Programming Learning Assistance
System (APLAS) [20]. This system, positively reviewed by 40
IT students, offers learning materials and assignments focused
on simple app development, assisting students in learning and
correctly completing Flutter-based project assignments.

III. FLUTTER PROGRAMMING LEARNING ASSISTANCE
SYSTEM

The concepts of FPLAS and TDD strategy appropriation are
clarified in this section.

A. Overview

As an open-source system from Google, Flutter permits
engineers to make feature-rich, cross-platform applications
with a single code base, sparing time and assets.Flutter ensures
high-quality app development that is robust, user-friendly, and
runs flawlessly on both Android and iOS platforms [21].
Flutter’s ubiquity in versatile app improvement, particularly
for interactive media application, has expanded massively due
to its adaptability and effectiveness.

FPLAS is a self-paced learning system that allows students
to learn Flutter programming independently, supported by
computer-based teaching. Figure 1 shows the flow of the
FPLAS learning model. The FPLAS learning model provides
learning materials in the form of guide files, supplementary
files, and test codes for students to start learning independently.
Following the provided guidelines, the student completes the
given tasks and reviews his/her own written codes using
the provided test codes before collecting the answer codes.
Essentially, it provides a code review tool that helps students



improve their written code to meet the requirements of the set
task.

Fig. 1. Flutter programming self-learning model

B. Application of TDD Method for Self-Directed Learning
Model

Various learning methods or models that utilize computers
have been used, such as Computer Assisted Learning (CAL)
[22], to offer an interactive and individualized learning experi-
ence. In addition, the application of Test-Driven Development
(TDD) methods has proven to be an effective approach in self-
paced programming learning systems. This method involves a
cycle of developing tests, generating code to meet those tests,
and refining the code to improve its design, with the main goal
of ensuring the accuracy of the software through continuous
verification that the code meets the specified requirements
through automated testing. This approach allows students to
learn at their own pace and provides immediate feedback [23].

C. Automatic Code Verification in Flutter

Automated Dart code verification in Flutter can be achieved
by integrating automated testing into the development process.
This practice is crucial for ensuring software quality and
code precision, streamlining the development workflow. By
running automated tests regularly and consistently, developers
can detect code errors early. Flutter provides extensive testing
frameworks and tools to support the creation and execution
of these tests, namely flutter test package. The primary cat-
egories of automated testing in Flutter are unit testing and
widget testing.

D. Providing Automated Assistance through Testing in Flutter

The implementation of automated testing in Flutter neces-
sitates the definition of test files, the creation of test cases,
and their execution using builtin testing frameworks like
flutter_test. Central to these testing procedures is the
’expect’ function, which assumes a critical role in specifying
test assertions. Listing 1 illustrates a code snippet aimed at
verifying the existence of the ’SvgPicture’ widget within
the application’s widget hierarchy. This function guarantees
that the application properly displays the SvgPicture widget;

should the widget not appear, it generates an error message
’Expected to find a SvgPicture widget.’ to provide immediate
feedback.

Listing 1
WIDGET TESTING IN FLUTTER

import
’package:flutter_test/flutter_test.dart’;

import ’package:flutter_svg/svg.dart’;

void main() {
testWidgets(’Check for SvgPicture widget’,

(WidgetTester tester) async {
final svgPictureFinder =

find.byType(SvgPicture);
expect(
svgPictureFinder,
findsOneWidget,
reason: ’Expected to find an SvgPicture

widget’,
);

});
}

IV. IMPLEMENTATION OF MOBILE APPLICATION
MULTIMEDIA RESOURCES TOPIC

This section covers the concept of learning objectives,
multimedia applications, and UI widgets in Flutter, as well
as the application for student assignments and the different
stages of learning.

A. Learning Objective

These studies underscore the benefits of SDL and automated
testing in programming education but reveal a lack of com-
prehensive instructional modules specifically for multimedia
applications in Flutter. This research aims to bridge this gap
by developing a structured learning module that integrates
SDL principles, automated testing resources, and multimedia
application development using Flutter. Focusing on a learning
topic at FPLAS, namely Multimedia App, the goal is to equip
students with the knowledge and skills to create mobile appli-
cations that integrate diverse multimedia sources. By providing
a self-paced learning system for mobile multimedia application
development, students will master the use of development
frameworks and tools to build cross-platform applications that
offer a seamless and attractive user experience.

B. Multimedia Application in Flutter

Multimedia is a combination of various elements such
as text, sound, images, and animations, enabling users to
navigate, interact, or communicate within an application [24].
In the context of mobile development using Flutter, multimedia
refers to the integration of diverse media elements like text,
audio, images, and video into mobile apps created with
the Flutter framework. This allows developers to create engag-
ing and interactive user experiences. Integrating multimedia in
Flutter can be achieved by leveraging various packages and



libraries available on pub.dev. Some popular packages that
address multimedia utilities in Flutter include:

1) google fonts: google fonts allows the integration of
fonts from the Google Fonts collection into a Flutter applica-
tion, providing flexibility in typography. For instance, to apply
the Roboto font to text, simply add the style property with
GoogleFonts.roboto() to the relevant text widget.

Listing 2
APPLYING GOOGLE FONTS IN FLUTTER

Text(’Hello, Flutter!’, style:
GoogleFonts.roboto()),

2) flutter svg: flutter svg is used to display images in the
SVG format, which scales without losing quality. This is ideal
for displaying icons or logos that need to remain sharp at
various screen sizes. For example, to display the Flutter logo
in SVG format:

Listing 3
DISPLAYING SVG IMAGES IN FLUTTER

SvgPicture.asset(’assets/flutter_logo.svg’),

3) audioplayers: audioplayers facilitates audio playback
and control, allowing developers to add sound elements to
their applications. For instance, playing a local audio file can
be done using:

Listing 4
PLAYING AUDIO FILES IN FLUTTER

await audioPlayer.play(’assets/sample.mp3’);

4) video player: video player is used to play videos within
an application, providing full control over the playback. De-
velopers can easily control video actions such as play, pause,
and seek. For example, to start video playback:

Listing 5
PLAYING VIDEOS IN FLUTTER

_controller.play();

5) cached network image: cached network image loads
and caches images from the internet to accelerate image
rendering and save data. This is particularly useful for ap-
plications that frequently download images from the internet,
such as news or social media apps. For instance, to display an
image from a URL:

Listing 6
CACHING NETWORK IMAGES IN FLUTTER

CachedNetworkImage(imageUrl:
’https://example.com/image.jpg’),

C. UI Widgets

This subsection provides an overview of Flutter’s widgets
and the specific widgets adopted for the Multimedia App
learning topic.

1) Types of Widgets: Widgets serve as the fundamental
components of the application’s user interface, encompass-
ing both structural elements and stylistic nuances. They are
inherently immutable and each represents a specific part of
the UI. Flutter employs a comprehensive widget-based ar-
chitecture, where nearly every aspect of the interface—such
as layout components (like Rows and Columns), multimedia
elements (including Text, Image, and SvgPicture), styling
attributes (such as Colors and Themes), and even alignment
and padding—is treated as a widget. This methodology fosters
a highly modular and reusable design paradigm, enabling
widgets to be nested within each other to create intricate and
responsive layouts.

2) Adopted Multimedia Widgets and Third-party Package
as Learning Components: In order to broaden students’ un-
derstanding of multimedia widgets and third-party packages,
this learning module incorporates 10 components, detailed in
Table I, that students are encouraged to explore and utilize.
These tools are essential for assisting students in integrating
and developing multimedia applications effectively.

TABLE I
TEN LEARNING COMPONENTS FOR MULTIMEDIA APPLICATIONS

No Component Description
C1 Text Widget A widget that displays text on

the screen.
C2 Google Fonts Style A tool to apply custom fonts

using the google_fonts
package.

C3 AnimatedOpacity A widget that animates the
opacity of its child widget.

C4 Icon Widget A widget that displays graph-
ical icons representing actions
or objects.

C5 Asset A resource, like an image
or file, used within the app,
sourced locally or online.

C6 SvgPicture Widget A widget that renders SVG
(Scalable Vector Graphics) im-
ages.

C7 Image Widget A widget that displays images
from local or network sources.

C8 CachedNetworkImage
Widget

A widget that loads and caches
images from the internet, re-
ducing load times.

C9 Package audioplayers A package that plays audio
files, supporting various for-
mats.

C10 Package video player A package that plays video
files with support for multiple
formats and controls.



D. Application for Student’s Assignment
To provide project-based learning for this learning topic,

an app for student work has been prepared, namely ’Medi-
aPlayer’. This application has a display composed of various
media such as images (svg and jpeg), audio (mp3), and video
(mp4). In addition, this application also has an attractive
display such as animation and audio and video interaction.
To achieve this, there are several multimedia widgets that are
combined to produce 4 application pages, namely the splash
screen, home, music player, and video player as shown in
Figure 2.

E. Learning Objective
This study highlights the importance of learning mobile

Flutter development, particularly multimedia applications, as
a crucial skill for students to enhance their ability to create
modern applications that integrate various types of media. By
providing a self-learning system for this topic, students are
expected to become proficient Flutter developers, capable of
creating responsive and visually engaging applications. By the
end of this learning module, students are expected to achieve
the learning outcomes outlined in Table II.

TABLE II
LEARNING OBJECTIVES FOR MULTIMEDIA APPLICATIONS

No Description
LO1 Students can set up the environment and create a new

Flutter project.
LO2 Students can prepare the initial code for a simple media

player Flutter project.
LO3 Students can implement basic UI components for mul-

timedia, such as a colored Container widget.
LO4 Students can display local SVG assets in a Flutter

project using the flutter svg package.
LO5 Students can implement simple animations using the

Animated Container widget.
LO6 Students can style Text widgets using the google fonts

package.
LO7 Students can use the Icon widget.
LO8 Students can display images with the Image widget

and use cached network image to load images from
the internet.

LO9 Students can manipulate formatted string data using
extension functions.

LO10 Students can implement audio interactions like play,
pause, and stop using the audioplayers package.

LO11 Students can work with audio from both local assets
and the internet.

LO12 Students can implement video interactions like play,
pause, and stop using the video player package.

LO13 Students can work with video from both local assets
and the internet.

F. Learning Stages
To achieve the learning objective, a systematic step-by-step

approach is essential, particularly to build the MediaPlayer

application. The instructional module consists of six main
components, each focusing on a specific aspect of multimedia
application development using Flutter, as explained in Ta-
ble III.

TABLE III
LEARNING STAGES FOR Multimedia App TOPIC

No Stage Learning
Objective

Components

S1 Installing Flutter LO1 -
S2 Creating a Flutter

project
LO2 C2, C5, C6,

C8, C9, C10
S3 Implementing splash

screen with animation
LO3, LO4,
LO5

C3, C5, C6

S4 Display image and text
widget

LO4, LO6,
LO7, LO8,
LO9

C1, C2, C3,
C4, C5, C6,
C7, C8

S5 Building a music
player page with
multimedia packages

LO6, LO7,
LO8, LO11,
LO11

C1, C2, C4,
C5, C7, C8,
C9

S6 Developing a video
player with custom
controls

LO5, LO6,
LO8, LO12,
LO13

C1, C2, C3,
C4, C5, C7,
C8, C10

G. Test Codes

To assist students in validating their Flutter project code,
particularly in the multimedia programming context, we pro-
vide automated test files. These test files allow students to
verify their implementation against expected outcomes. The
following are some key aspects being tested:

1) Testing UI Property Values: In this test, the properties
of UI elements are verified to ensure they match the expected
values. For example, the following code checks the shape
and color of a Container decoration. First, the decoration
is retrieved from the Container, and the test asserts that
its shape is BoxShape.circle. Next, it checks that the
color of the decoration is null. If any of these properties
are incorrect, a detailed error message will be provided. The
expect keyword is used to compare the actual value with
the expected value and provide feedback if the assertion fails.

Listing 7
PROPERTY TEST

final decoration = container.decoration as
BoxDecoration;

expect(
decoration.shape,
equals(BoxShape.circle),
reason: ’Container decoration shape is not

BoxShape.circle’,
);
expect(

decoration.color,
isNull,
reason: ’Container decoration color is not

null’,
);



Fig. 2. User interface of MediaPlayer application

Keywords:

• expect: Compares the actual value to the expected value
and throws an error if they don’t match.

• equals: A matcher used to check if two values are equal.
• isNull: A matcher used to check if a value is ‘null‘.

2) Testing Callback Functions: This test ensures that call-
back functions, such as those triggered when a button is
pressed, perform the expected actions. The following code
checks if the onPressed function of a custom button widget
ControllButton is correctly linked to the playPause
function in the state. First, the ControllButton widget is
found in the widget tree. Then, the onPressed callback is
checked to ensure it is connected to the correct function. If the
connection is incorrect, appropriate feedback will be provided
to guide students in fixing their code.

Listing 8
CALLBACK FUNCTION TEST

final icnButton =
tester.widget<ControllButton>

(icnButtonFinder);
expect(
icnButton.onPressed.toString(),
musicPlayerState.playPause.toString(),
reason: ’ControllButton onPressed should

call playPause’,
);

Keywords:

• widget: Finds a widget in the widget tree that matches
the given finder.

3) Testing State Changes Through Interaction: This test
simulates user interaction to ensure that it triggers the correct
state changes. For example, the following code tests whether
the playPause method correctly toggles the ‘play‘ state in
a music player. First, the playPause method is simulated

by calling it. Then, pumpAndSettle is used to wait for all
animations and state changes to complete, ensuring that the
UI has fully updated. After that, the test checks if the play
state has changed to true, as expected. If the state change
does not occur as intended, feedback will be provided to help
students correct their implementation.

Listing 9
STATE CHANGE TEST

await musicPlayerState.playPause();
await tester.pumpAndSettle();
expect(
musicPlayerState.play,
isTrue,
reason:

’Calling the playPause method for the
first time will change the play
state to true (because initial
state of play is false)’,

);

Keywords:
• pumpAndSettle: Allows the tester to wait for all ani-

mations and microtasks to finish, ensuring the UI has
stabilized after a state change.

• isTrue: A matcher used to verify that a value is ‘true‘.

H. Automatic Feedback

Feedback is automatically generated from the test results,
allowing students to identify and correct issues in their multi-
media Flutter projects (MediaPlayer). The process of creating
feedback through source code validation uses flutter test as a
testing tool that automatically identifies code issues such as
bugs, errors, and unexpected behavior by running test code.

As illustrated in the Fig 3 and Fig 4, the Flutter test
framework provides detailed feedback to help students identify
the issue and make corrections. The case in Fig 3 shows a



failure message in the form of ”Expected a Transform widget
as child of ClipRRect, found Container.”. This means that the
widget that students write as a child of the ClipRRect is not
a Transform (expected), but a Container (actual). This
mismatch triggers a test failure.

Another example in the case of Fig 4 case, the test was
designed to check the CircleComponent widget’s render-
ing, particularly focusing on its color. The failure occurred
because the expected color of the Container decoration
was a MaterialColor with the value Color(0xff2196f3),
but the actual color was null. This mismatch triggers a
test failure, and the framework provides feedback indicating
that the ”Container decoration color does not match provided
color.”. Conversely, the passed result will appear as Fig 5 if
the code written is correct.

V. EVALUATION

This area strengthens the adequacy of the research by
carrying out an evaluation on the Multimedia Application topk
to enhance students’ independent learning.

A. Evaluation Setup

The evaluation involved 40 students, all of whom had
learned the Flutter framework and were familiar with the
basics of Flutter projects. They were tasked with progressing
through the six learning phases sequentially, focusing on
creating a multimedia app, exemplified by the MediaPlayer
app case study. The students will do this work independently
with their own devices, with a deadline of four days for
completion.

B. Result of The Collected Application

During the evaluation process, students must upload their
MediaPlayer project after completing all learning stages. This
is done to review and assess the applications they create.
Figure 6 displays a student-built application that is very similar
to the example application provided. This similarity is due to
the presence of test code (unit and widget tests), which checks
each property and widget to meet certain requirements. The
only difference is in the order of the property list, which does
not affect the appearance of the application as long as the
values match the specifications.

C. Topic Completion Time Results

All experimental results are collected after the student eval-
uation process. Table IV shows that 40 students passed each
stage (S1 to S6). This indicates that the tasks were appropriate
for the students’ abilities, or that the instructional materials
were effective. The shortest time recorded to complete the
stages varied, with Stage 1 being the fastest (5 minutes) and
Stage 6 being the longest (185 minutes), indicating varying
complexity or student familiarity with the tasks. However,
the average time gives a different picture: Stage 6 appeared
to be the most time-consuming (136,3 minutes on average),
hinting at its complexity or difficulty, followed by Stages 5
and 4, largely due to the substantial use of widgets and the

large number of widgets involved in these stages. Stages 1, 2
and 3 showed much lower average times (14.9, 20,9 and 30,8
minutes respectively), indicating that they were easier.

Based on the analysis of these results, it can be concluded
that the length of each stage by students depends on the
number of states, widgets or components, and steps in the
stages. Where in stage 1 focuses on the software installation
process required in the development of the Flutter application
where most testers have installed it and there are only 9
practicum steps to initiate the Flutter project. While in stage
6 there are 45 steps to create 3 components and 1 page with
a total of 47 widgets and 8 states. In addition, this stage also
provides project collection steps with a total of 15 steps.

TABLE IV
EVALUATION RESULT IN SOLVING TIME

Result S1 S2 S3 S4 S5 S6
Passed (students) 40 40 40 40 40 40
fastest (minutes) 5 10 15 80 75 100
average (minutes) 15 21,1 30,8 106,3 94,1 136,7
longest (minutes) 30 40 50 160 130 185

D. Task Difficulties

On the topic of completion time results, there are quite
diverse results for each stage. Where stages 1 and 2 spend a
short processing time of 15 and 21.1 minutes. Stage 3 requires
an average processing time of 30.8 minutes. Meanwhile, in
stages 4, 5, and 6 there is a significant spike in data where
each stage requires an average time of more than 90 minutes.
With this in mind, each stage can be grouped as in Table V.

TABLE V
LEARNING STAGES COMPLEXITY

Level Required Time (minutes) Learning Stages
Easy 0 < time ≤ 30 S1, S2
Medium 30 < time ≤ 60 S3
Hard time > 60 S4, S5, S6

E. Feedback on Multimedia Application Topics

Feedback was collected from students, revealing over-
whelmingly positive responses and some constructive sugges-
tions. Positive feedback accounted for 85% of all responses.
Examples of positive feedback include:

• ”This learning module is well-organized and easy to
follow for beginners like me.”

• ”The tutorial is very helpful and builds an understanding
of making a media player. The explanation of the compo-
nent diagram first makes the tutorial clearer and more
directed, allowing students to work seriously without
copying and pasting.”

• ”The tutorial is clear and easy to understand, I can create
my own application.”



Fig. 3. Automatic feedback for fail test

Fig. 4. Automatic feedback for fail test

Fig. 5. Passed test output

• ”I learned a lot, especially about using state and creating
widgets for separation purposes.”

• ”The media player project was very helpful in under-
standing multimedia in Flutter, especially the part about
building the user interface and the description when
verifying the code, which was very helpful in the problem-
solving process.”

Additionally, constructive suggestions made up 15% of the
feedback. Examples include:

• ”Sufficient, but the steps in the guide could be further
clarified.”

• ”Perhaps an explanation about the code could be added.”

VI. CONCLUSION

This paper presents the development of a self-learning
module called Multimedia App within the Flutter Program-

ming Learning Assistance System (FPLAS), incorporating test-
driven development methods to provide automated assistance
in a project-based learning environment. The focus on integrat-
ing multimedia resources in mobile application development
requires a deep understanding of multimedia widgets and
third-party packages. To this end, the module includes 10
key components, including multimedia widgets and third-party
packages, for students to explore and utilize, essential for
effectively integrating and developing multimedia applications.
An evaluation involving 40 students confirmed the system’s
effectiveness, with feedback highlighting the clarity and utility
of tasks, though some suggested improvements like clearer
guides and more code explanations.

By integrating SDL principles with automated testing and
comprehensive instructional design, this study enhanced self-
directed learning in mobile programming using Flutter. The
instructional modules, covering various stages from instal-
lation to video player implementation, provided structured
guidance and immediate feedback. The evaluation showed
successful completion of each module stage, with largely
positive feedback from participants. This approach facilitated
immediate error detection and deeper comprehension, illus-
trating its potential for broader application in programming
education. Future efforts will focus on refining these modules
and incorporating additional multimedia elements to further
enrich the learning experience.
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