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1. INTRODUCTION

In this life, education plays a crucial role in improving and developing the quality of Human Resources
(HR) [1]. The quality of education depends on how learning is implemented in schools. In this study, the case
was the university, in which the subject matter delivered by the lecturers was not accepted by the students
optimally. One of the reasons is the learning media used in the teaching and learning process.

In the implementation of teaching and learning, the quality learning media significantly influences the
process and its results. The interactive learning media will increase student interest in learning and impact on
learning outcomes improvements [2]-[4].

Interactive learning media serves to clarify the meaning of the message conveyed; therefore, it can
achieve the learning objectives better and perfectly. Interactive learning media is the application of two or more
media, including audio, text, graphics, pictures, and videos. Thus, the presentation is more exciting and
enjoyable [5]-[8]. In addition to the motivation and interest of students, the interactive learning media can also
help students improve the comprehension and get the information for fun [9]. Currently, the learning media
used in the course of cellular communication systems include visualization using power points, videos (internal
and external), discussion, and practicum. For some materials, the application of this material can attract
students' interest in learning with a good grade indication. However, for the material of call processing and
mobile network optimization, the application of this method was not significantly successful in attracting
student learning that resulted in low levels of passing on this material. In the 2017/2018 and 2018/2019 school
years, the average competency test scores for these two materials were 53.41 and 56.88.
____________________________________________________________________________________________________________________________________________________________]
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Therefore, an interactive learning media was designed for the two materials. The media was designed
using Adobe Flash Professional CS6 software [10]. This software can produce learning systems such as
simulations and presentations that are interactive, communicative, and dynamic [11], [12]. It is in accordance
with the needs of students and lecturers to improve the interest and learning outcomes of Diploma
Telecommunications Engineering students. The discussion in this study includes the background of interactive
learning media was built, then the methods used and the system design stages carried out, finally the results
and the evaluations of conducted tests.

2. METHOD

The focuses of this study are to design interactive animation-based learning media and to evaluate the
user satisfaction to use multimedia elements in the learning media. In this study, the Multimedia Development
Life Cycle (MDLC) model was used to develop learning media, while evaluating user satisfaction with
multimedia elements used models from research [13], [14]. Figure 1 illustrates a research framework consisting
of three phases: preliminary analysis, application of the MDLC model, and evaluation.
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Figure 1. Research Framework with MDLC Model

a. Concept: Who are the users of this learning media? At this stage, the determination is made by
deciding students and lecturers are the users. It was obtained from the survey results using
interview and questionnaire methods given to students and lecturers of Diploma of
Telecommunications Technology. In addition, this stage also determined the software and
hardware needed in making interactive learning media.

b. Design: Design of the user interface, software or program, and material requirements for the
program. It was created using Adobe Flash Professional CS6 software.

c. Material Collecting: Collection of materials including icons, images, audio, and video. The stage
can be done in parallel with the assembly stage.

Assembly: At this stage, the storyboard, navigation structure, and flow chart are created.

e. Testing: The testing stage is testing the previous manufacture to see whether any features that do
not work properly. If they do, then an improvement program will be conducted. Alpha testing is
conducted in the manufacturer's environment. It aims to obtain feedback from the users (the
lecturers and students who are currently and have taken courses in cellular communication
systems in the Diploma of Telecommunications Technology study program).

f. Distribution: Learning media is stored in a storage medium and is ready to be distributed to the
lecturers and the students of the cellular communication system class.

Figure 2 below shows the navigation flow of interactive learning media in the subject of the call
processing and optimization of cellular networks.
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Figure 2. Navigation Flow Design of Interactive Learning Media of Cellular Communication Systems

This learning media consists of several menus: the Main Menu, which displays sub-menus in the
learning media such as the Material, Exercise, Quiz, Profile, and Reference sub-menus. When the material
button is clicked, the Call Processing material and Network Optimization material sub-menu will appear, then
the user selects the material for call processing or network optimization. On the Call Processing material sub
menu, there are three main buttons: Goal, Basic Theory and Simulation, as well as the Network Optimization
sub-menu item. Meanwhile, when the user intends to do a question exercise, press the Exercise button in the
main menu. Finally, in the question exercise menu, the user selects the material to be done.

This exercise is in the form of multiple-choice, and the user should answer correctly to proceed with
the afterward problem. This learning media also provides a Quiz menu. On the start page of the quiz, the user
will read the quiz operation rules and enter the full name. In this quiz sub-menu, the type of questions is
randomly delivered, and after finishing working on the questions, the quiz results will appear. In addition, this
interactive learning media provides a profile menu that contains learning media developers. If the user intends
to see the reference material presented in the learning media, the user presses the Reference menu button.
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Figure 3. Use Case Diagram

Figure 3 shows the use case diagram in the design of learning media [15]. In this application, the
students who act as actors look at the main menu. The main menu is divided into five sub-menus: material,
practice questions, quizzes, profiles, and references. In the material sub menu there are two more sub-menus:
call processing and network optimization. The students can also choose to do exercises, for instance, call
processing or network optimization. In addition, they can also choose to do call processing quiz and network
optimization. After finishing working on the quiz, the score appears. Furthermore, the students have access to
see the references used in this material.
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3. RESULTS AND DISCUSSION

This interactive learning media is ready to be used to support learning cellular communication systems
by using Adobe Flash Player.

3.1. Displays of interactive learning media

Figures 3 - 15 below show the results of interactive learning media designs for cellular communication
systems courses.
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Figure 3. Display of the Main Menu

Figure 3 shows the main menu display consisting of several menus. The menu includes exercises,
quizzes, profiles, and references. The display appears at the beginning when the program is run. In addition, it

also provides clock, calendar animation, and music that serves to give more the aesthetic value of the main
menu display.

n
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Figure 4. Call Processing Menu Display

Figure 4 shows the menu display of call processing material. In this section, there are three sub-menus:
objectives, basic theory, and simulation.
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Figure 5. Sub Menu Objectives Topics Call Processing Display

Figure 5 shows the objectives page display of the call processing material containing Title,
Competency Standards, and Success Learning Indicators. The page consists of the basic call processing theory
button. If it is clicked to the desired material, it shows the call processing simulation button, the return button
to the menu page of the call processing material, and the main menu.
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Figure 6. Basic Menu Display of Main Theory of Call Processing

s

Figure 6 shows the basic page display of call processing theory, which contains theories related to call
processing, such as the development of cellular communication, cellular network architecture, and call
processing. On the page, there are several buttons, namely the before button and the next button, which function
to see the previous or next page presented in this interactive learning media. This page also provides a button
to return to the call processing material page and a button to return to the main menu.

SIMULASI

Figure 7. Simulation Menu Sub Menu Call Processing Display

Figure 7 shows the page of call processing simulation that consists of an architecture menu,- a call
process for each generation, 2G, 3G, and 4G, and a simulation video.

OPTIMASIT JARINGAN

Figure 8. Menu Display Network Optimization

Figure 8 shows the display of Network Optimization material, which consists of several buttons: (1)
the goal button is to go to the learning goal page of network optimization, (2) the basic theory is to go to the
basic page of network optimization theory, (3) simulation is to go to the simulation page of network
optimization, and (4) the back button to sub-menu material and back button to the main menu.
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Figure 9. Destination Menu Display for Network Optimization Subject

Figure 9 shows the learning objectives page of network optimization material. It provides titles,
competency standards, and indicators of learning outcomes. On this page, there are several buttons provided:
(1) the basic theory of network optimization when it is clicked then it will go to the basic theory of the desired
material, (2) the network optimization simulation button, (3) the back button to the network optimization
material menu page, and (4) the back button to the main menu.
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Figure 10. Basic Menu Display Principal Theory of Network Optimization

Figure 10 shows the display of the basic menu of network optimization theory. This page provides
several sub-menus, such as understanding network optimization, learning objectives and benefits, key
performance indicators, introduction of drive tests, and network optimization techniques. It also serves with
buttons before and next to see the previous or next page from the theory presented.
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Figure 11. Menu Simulation Network Optimization Subject Display
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Figure 12. The Start Quiz Page Display

Figure 11 shows the display of the network optimization simulation page containing the stages of
performing network optimization. This page provides a play animation button that functions to run the network
optimization process animation and a back button that functions to return to the network optimization material
menu.
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Figure 13. Display of Quiz Problem Pages
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Figure 14. Display of Quiz Value

Figure 14 shows the initial menu display to start the quiz. This page provides a "Start" button and a
dialog field to enter the user's name. The users are required to enter a name to enter the quiz questions page as
shown in Figure 13. On this page, there are multiple-choice questions and have a time span of work. When the
user has finished answering all the quiz questions, the last page will display the value page. For the score
obtained, it can be seen in Figure 14.
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Figure 15. Display of Menu Exercises

Figure 15 shows the display of the practice page. This page provides the choice of practice questions,
namely, call processing and network optimization. In addition, it also serves the reference menu and an
interactive learning media developer profile that has been designed.

3.2. Testing of interactive learning media
After completing the design stage and realization of interactive learning media, the next stage is testing
and evaluation. In this study, there are three types of testing: functionality testing, user satisfaction testing on
the use of multimedia elements, and quantitative testing.
Table 1. Functionality Testing

Number Menu Success (%)

1 Main 100

2 Call processing 100
subject

3 Network 100

optimization

subject

4 Exercises 100

5 Quiz 100

6 Profile 100

Table 1 shows the functionality testing result of interactive learning media. Based on the testing
results, it can be concluded that all menus have worked as expected and are 100% free of syntax errors.

In addition to the functionality testing, user satisfaction was also tested to use multimedia elements in
interactive learning media. The test was carried out by giving questionnaires to 52 respondents. It applied the
Mean Opinion Score (MOS) scheme, where the respondents rate was on a scale of 1 — 5,- a weighting value of
5 with a strongly agreed statement, a weighting value of 4 with an agreement, a weighting value of 3 with a
neutral statement, a weighting value of 2 with a disagreement statement, and a value weight 1 with strongly
disagreement remark.

AVERAGE VALUE OF MOS
USER SATISFACTION TESTING

=1text =2 multimedia 3 animation 4 interactive

Figure 16. Testing of User Satisfaction of Multimedia Elements
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Based on the testing results of user satisfaction with multimedia elements. As seen in Figure 16, it
obtained an average value of 4.92. It shows that the learning media has been going very well. The average
value of interactive learning media for courses in cellular communication systems reached 4.73, which means
it is included in the excellent category and is ready to be applied in the cellular communication system class.

The third test is quantitative testing to see Quiz results after students learn to use the interactive
learning media. The test was conducted on 20 students. Figure 17 follows the quantitative testing data.
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Figure 17. Quantitative Testing

Based on the quantitative test data, it revealed the improvement of student learning. The outcomes
showed a range of values from 70 to 90 and an average of 81. The value result is included in the excellent
category, which means a 66% increased from previous years, which did not implement this interactive learning
media.

4. CONCLUSION

Based on functionality testing, this learning media has worked 100% according to design and
specifications. Meanwhile, based on the testing results of user satisfaction with multimedia elements, it
obtained an average value of MOS was 4.73 from a scale of 1 to 5, and specifically for the interactive elements
obtained an average value of 4.92, which means the display on the learning media is categorized as great and
interactive. Furthermore, for the quantitative testing, the average value was 81, which means the built learning
media can increase students’ interest which affects the increase in learning outcomes by 66% from previous
years.
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