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INTRODUCTION

The advancement of science and technology, particularly Information and Communication
Technology (ICT), has had numerous positive impacts on various aspects of human life, including
education. This is especially true in the era of the Fourth Industrial Revolution, where everything is
interconnected through various devices, notably smartphones. The integration of ICT in classroom
activities has the potential to transform teaching and learning (Djihadah et al., 2023). Universities
worldwide are endeavoring to establish online learning (Ali, 2020) to enhance knowledge wealth and
the development of pedagogical aspects (Mursid, 2023). Therefore, Android-based multimedia operated
on smartphones can enhance students' academic achievements, attitudes, and skills. Additionally, the
use of interactive Android-based multimedia during the learning process enables the formation of
students' character (Lestari et al., 2019; Nurhikmah H et al., 2020; Sulistyo & Kurniawan, 2020). The
smartphones used in classroom learning can also enhance interaction between educators and students,
as well as among students themselves (Anshari et al., 2017), and enhance students' critical thinking
abilities (Sa’diyah et al., 2021). Furthermore, individuals can enhance the quality of their work or
performance through technology (Camilleri, 2019).

Almost all teenagers nowadays own smartphones, and half of them tend to use these devices
continuously (Vogels et al., 2022). This condition can be both a threat and an opportunity for users
(Siebers et al., 2024), especially for students who are still in the process of formal education. The threat
will increase if educators do not understand how to leverage products in this digital era. This is because
there are numerous Android-based application developers providing attractive and up-to-date products
that engage users for hours on their smartphones (Meier et al., 2023). However, the content of these
applications may not necessarily be educational for consumption. Therefore, educators need to create
similar applications that are theoretically and empirically proven to be suitable, educational, and
enhance students' creativity for use in learning.
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Nevertheless, the integration of ICT into learning still poses challenges (Mursid, 2023).
Educators still face challenges in integrating learning materials into Android-based learning
applications (Sunarya et al., 2020). However, the development of Android-based learning applications
is crucial, especially considering the curriculum's workload density (Fitriyana et al., 2020). These
Android-based learning applications can accommodate learning materials that may not be covered in
the classroom. Additionally, interactive digital learning can serve as a solution to concretize some
complex and abstract learning concepts (Rejekiningsih et al., 2023).

Students, who are inseparable from smartphone usage, can consistently access installed
Android-based learning media. Moreover, the majority of advanced education students own their own
mobile phones (Camilleri & Camilleri, 2022). Meaning, students can flexibly learn anytime and
anywhere by applying the concept of self-regulated learning (Hendikawati et al., 2019). Especially if
the application is designed to display images, sound, two or three-dimensional animations (2D or 3D),
simulations, or even showcase video phenomena that are challenging to encounter in everyday life
(Widarti et al., 2022). In addition to being engaging and motivating, Android-based learning media will
also help students to more easily comprehend the presented material concepts.

One of the developed Android-based learning products is the Android-based Harmonic
Oscillation Pocket Book (Bani & Masruddin, 2021). The pocketbook effectively enhances students'
cognitive learning outcomes and elicits positive responses. However, the utility of the pocketbook
would be more optimal if it incorporates illustrations, animations, and simulations of the learning
material concepts. This is especially important when the learning material originates from the field of
Natural Sciences, which is rooted in life phenomena, demanding students to understand the relationship
between scientific concepts and daily life (Jufrida et al., 2019). Students will better comprehend abstract
concepts if natural phenomena are reintroduced into the learning process, either in the form of
animations or simulations due to the constraints of space and time, such as in the Solar System material.
By leveraging ICT as a foundation in creating learning media that can address these issues, the learning
activities will become more effective and efficient (Pratama et al., 2023). This indicates that educational
and learning challenges, in general, can be addressed by harnessing technology (Al Mamun & Lawrie,
2023).

Considering the utility of Android-based learning media and the increasing number of non-
educational applications, researchers aim to develop Android-based learning media as a complement to
blended learning that can be accessed anywhere and anytime through smartphones. Within this
framework, answers are sought for the following questions:

RQ1: What are the needs of students in learning?

RQ2: How is the validity of the mobile learning media developed in terms of the material
presented?

RQ3: How is the validity of mobile learning media developed in terms of ICT?

RQ4: How are the characteristics of mobile learning media considered as a smart solution for
learning inside and outside the classroom about the solar system that contains material,
animations, interactive simulations and competency tests that are equipped with
recording values for each correct answer?

RESEARCH METHODS
Research Design

This research aims to develop a prototype of Android-based learning media. The learning media
includes materials accompanied by images/illustrations, simulations, and interactive tests. In the
development process, the researcher applies three main steps, namely: 1) Research and Information
Collecting; 2) Planning; dan 3) Developing. The development procedure contains the main steps of
development research, as shown in Figure 1 below.
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Figure 1. Procedure for Developing Instructional Media

Research Participants

The authors engaged 131 students from three universities in Lampung as respondents who
would respond to the questionnaire provided to fulfill the Research and Information Collecting stage
(refer to Table 1). Participants were not given incentives to take part in this study, and their participation
was voluntary. Additionally, subject matter experts and design experts were involved in validating the
developed prototype. The selection of experts was based on their proficiency in the aspects to be
evaluated during the testing phase.

Table 1. The Characteristics of Respondents during the Research and Information Collecting Stage
Students in the semester of (%) (N = 131)

University of origin

12 3/4 5/6 7/8 >8
Regular state university (N = 70) 6.87 10.69 19.85 10.69 5.34
Religious-based state university (N = 57) 29.01 - 0.76 7.63 6.11
Private university (N = 4) - - 0.76 0.76 1.53

Collecting Data
The authors employed three main steps in the development of an Android-based instructional
media prototype, namely:

Research and Information Collecting

The research was begun by describing the learning needs of students. This served as a primary
consideration in determining the learning objectives and discussing appropriate instructional media for
the students. The second author was responsible for this process.

Participants were invited via WhatsApp to take part in the research. By opening the provided
link, they could access the questionnaire presented on Google Form. Participants were not required to
provide their names but were instructed to fill in information about their university and current semester
before answering the research questions. All participants were assured that the questionnaire was
anonymous, their responses would be treated confidentially, used only for research purposes, and not
shared with third parties.

Planning

Based on the analysis of student needs and characteristics, the author began developing the
instructional media. In this stage, the first author took responsibility for designing an Android-based
instructional media. The author established learning objectives for the Solar System content, which is
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part of the physics education curriculum at the university level. During this phase, the first author
collaborated with the third author, who had expertise in physics, particularly in Solar System topics.
The content provided covered information about the sun, inner planets, asteroids, and outer planets. In
addition to the instructional content, the author also outlined the presentation flow and its components
to ensure that users could easily use and comprehend the presented materials. The developed
instructional media includes a home page, main menu, user instructions, learning objectives, content,
material reinforcement animations, Solar System simulations, and assessments.

Developing

In this stage, the first and third authors mapped out the instructional content and its assessment
system to be incorporated into the Android-based instructional media. The authors also outlined the
learning concepts that needed to be illustrated in the form of images, animations, and simulations to
enhance the knowledge transfer process to users. Once everything was mapped out, the first author
proceeded to develop the Android-based instructional media.

The developed product was then validated by two experts: a subject matter expert and a media
design expert. After undergoing several revisions, the product was approved as an instructional media
or, in this case, referred to as a prototype. Considering the feasibility of this prototype based solely on
feasibility testing, it is necessary to conduct actual learning trials to determine its empirical feasibility.

Research Instruments

The research instruments included a student needs assessment instrument and an expert
validation instrument. The student needs assessment instrument is open-ended, allowing respondents to
provide unrestricted free-form answers. The data obtained is analyzed and used as the basis for
determining the specifications of the developed instructional media.

The expert validation instrument is used to gather data on the product's feasibility based on the
alignment of design and content regarding the Solar System in the developed prototype. The expert
validation instrument, for both content and design assessments, consists of four response options
corresponding to the question's content: "Unfeasible" with a score of 1, "Less feasible™ with a score of
2, "Sufficiently feasible" with a score of 3, and "Feasible" with a score of 4. In addition to the scoring,
experts also provide feedback on the prototype.

Data Analysis

Data analysis was focused on two main datasets: 1) Student learning needs, and 2) Validation
of the Android-based instructional media prototype. The fourth author was responsible for analyzing
the characteristics and learning needs of students. For the analysis of student needs, the fourth author
applied inductive thematic analysis. Inductive thematic analysis was employed to identify concepts and
patterns of meaning within the data (Braun & Clarke, 2006), encompassing the following steps: 1)
Familiarizing with the data, (2) Inductive thematic coding, (3) Searching for themes, (4) Reviewing of
themes, and (5) Finalization of themes. The iterative approach (i.e., the process of going back and forth
between the data, codes, and themes) was followed at various stages to ensure a systematic analysis.
Questionnaire data were analyzed using Microsoft Word and Microsoft Excel.

In the validation process, the scores from the validator assessments were converted into
assessment statements to determine the feasibility of the developed prototype. The first author was
responsible for this stage. The instruments for expert validation had 4 answer choices, allowing the total
average assessment score to be calculated using the formula:

Total score on the instrument

Rating score = X
g The sum of the highest total scores

The conversion of scores into assessment statements can be observed in Table 2. The results of
the data analysis were then incorporated into this paper by the first and fifth authors. The completed
paper was subsequently reviewed by the second author to ensure it met standard criteria.
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Table 2. Converting a Rating Score into a Statement of Quality Values (Widoyoko, 2016)

Rating Score Average Score Classification
4 3.26 — 4.00 Feasible
3 2.51-3.25 Sufficiently feasible
2 1.76 — 2.50 Less feasible
1 1.01-1.75 Unfeasible
RESULTS

Needs Analysis

The results of the needs analysis indicate that students prioritize technology-based learning
compared to other aspects such as attractiveness, effectiveness, efficiency, and so on, as fully presented
in Figure 2. This suggests that the digital era generation recognizes that ICT is a necessity to support
and facilitate life activities, particularly in the field of education.

» 40 3358
% 35
= 30
& 25
25 2
=3 20 18,32
4 = 2.2 22
~ 15 12.21 1221 o
° 7
o 10 o
2 s I I 381305 220 152 1s2 sz 305
£ 9 . | | - -_— -_— -_— |
D an on = k-] ® an 9 = o ] k-] P ]
g = g b 2 2 g = 2 g g 2 g .=
2 g Z g g & 2 £ E 2 | E E
= £ =] = g L 7] 3 en = o ] —
o = 17} o] Q = [ ] D o 'm
= E H 2 & do: E\ o % M = é A o B &
b = o ] Eic! ] = g 2=
g g 5 b z o EE 2 ER g 3%
3 s | 2| B 25 B £ S
= i 7 B = = = LB 8
) st ! a 3 = = T e
= D (] “ -~ = =5
fint o3
o
5| a
1 2 3 4 5 6 7 8 9 10 11 12

Indicators of Need in Learning

Figure 2. Percentage of Results of Analysis of Student Needs

Content Expert Validation

The validation results indicate that the material expert's assessment score for the developed
prototype is 3.34. This score signifies that the prototype is highly suitable for use as a mobile learning
media. However, there are some improvements suggested to enhance the prototype. It is advised to
tailor the prototype to a specific educational level. The experts recommend that the developed prototype
should establish clear learning objectives to provide users with a better understanding of what they will
master by using the prototype.
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Figure 3. Suggestions for Improving the Writing and Presentation of the History of the
Development of the Solar System Model

Furthermore, with the established objectives, the developer can focus on presenting relevant
content to support the achievement of learning goals. Consequently, the displayed material can be
organized systematically. Users can attain the expected objectives without navigating through overly
complex content and without missing steps due to insufficient material. Additionally, some simulations
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do not align with the actual concepts of physics. For instance, Earth should rotate on its axis with a tilt
of 23.5 degrees. Moreover, Earth is not a perfect sphere; the equatorial radius is smaller than the polar
radius.

Other suggestions for improvement include addressing writing issues, such as instances where
some repeated words are not separated by hyphens (-) (Figure 3.a). Additionally, the material on the
history of the development of the solar system model needs to be detailed and organized systematically.
Below are some notes for improvement provided by the content expert (Figure 3).

Design Expert Validation

The validation results for the design indicate that the assessment score for the developed
prototype is 3.52. This score suggests that the prototype is highly suitable for use as a mobile learning
medium. The validation focused on the functionality of the link buttons from one view to another, text
readability, layout, simulation attractiveness, and user-friendliness. Suggestions for improvement are
provided in the written text. The font previously used had low readability levels, affecting eye endurance
when reading or learning using the developed prototype. Eyes can quickly become fatigued, leading
users to use the prototype for a short duration. With such a brief usage time, users are less likely to
achieve the expected learning outcomes.

In addition, there are non-functional link buttons, causing one view not to open. Some buttons
on other views are also considered inefficient as users need to click them twice to close them before
revealing another view. In more detail, there are views that cover buttons to navigate to the next view
that should still be accessible. Another improvement is in the testing view. Correct or incorrect
comments on user-provided answers need to be displayed, making the test interactive and encompassing
all answer options for the next question.

Prototype of Android-Based Learning Media on Solar System Content
Here are some key insights from the prototype designed based on the analysis of student needs
and characteristics, as well as the results of expert validation and revisions (Figures 4, 5, and 6).

This section displays the main interface, where users can access all sections of the prototype.
Each button is illustrated by an image or animation corresponding to the view it will navigate to. This
is provided so that users who have used the prototype multiple times can access specific content
according to their needs without going through everything again.

PETUNIUK

MEDIA PEMBELVARAN MOBILE

Figure5. Instruction
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This section provides instructions for using the prototype, starting from opening the application,
with the initial view serving as the prototype cover for the author's biography. It is designed for users
who are just beginning to use it for learning purposes.

TUJURN

. Pengguna dapat meagelompokhan plancl-planct dalam Tata

Surya berdasarhan rabek asteroid.

. Pengguna dapat mendeshripsikan kamkteristik anggota Tata
Surya.

. Pengguna dJapat mengidentifikari lapizan-dapiron Planet,

Figure 6. Objectives

This section displays the learning objectives that users will achieve after using the instructional
media prototype.

PETA KONSEP

Planet - Planet

Dalam lvar .-

Figure 7. Concept Map

This section presents a systematic mapping of concepts based on the types of solar system
objects and the position of the solar system's center. Additionally, the concept map consists of words
accompanied by animations of planets or asteroids. Furthermore, the animations serve as buttons to
navigate to the corresponding views based on the targeted material.

MATERI

Figure 8. Material |

This section presents the entire material on the solar system, starting from the underlying
theories of its formation to the applicable laws. In this material, some questions emphasize important

sections (green text). Several concepts in the material are also complemented with animations to
enhance the clarity of conveying those concepts.
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Figure 9. Display of Learning Material

This section provides more specific content, specifically the explanation of the planets in the
solar system, accompanied by simulations of planets and satellites, the structure of planets, and views
of the planetary surfaces. The goal is for users to have a comprehensive understanding of each object
in the solar system.
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Figure 10. Display of Simulation

This section features a simulation of the solar system according to the heliocentric theory. The
orbits of the planets have been adjusted in accordance with Kepler's Laws. However, it should be
emphasized that the orbits of the planets are not in a flat plane.

Skor| 40 |

Kelemahan model Heliosentris Copernicus adalah ....

Figure 11. Display of Test

This section presents a series of test questions structured according to the material covered. The
interactive test is accompanied by immediate assessment of the answers chosen by the user. It also
includes a restart button so that users can review and correct previously incorrect answers.

DISCUSSION

The first thing to understand before providing interventions to students is to know the
characteristics of the students themselves. This is intended so that the treatment given to develop the
potential of students can be achieved (Rejekiningsih et al., 2023). Appropriate treatment in learning
creates a conducive learning environment (Burden, 2020). Students no longer need to adjust to the
learning process, especially in the use of ICT-based learning media. Thus, the time previously used to
learn the operation of the media can be minimized, allowing students to promptly delve into the content
available in the media. Therefore, it is essential to map out how students can learn optimally, particularly
in learning that integrates ICT; considering that students live in the digital age where technology has
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become an everyday necessity (Maulina et al., 2020). Furthermore, technology is a crucial support for
developing 21st-century skills (Latorre-Cosculluela et al., 2021).

Moreover, the use of ICT in creating instructional media is highly flexible, allowing educators
or instructors to customize the content based on the conditions and needs of the learners (Lubis, 2018).
The development of multimedia technology has a positive impact on changing the way learning occurs
in the educational process (Abdulrahaman et al., 2020; Nurwidayati et al., 2021). When catering to
students with a visual learning style, most developed learning media is presented in the form of images
or animations. Learning media will vary for students who have a kinesthetic learning style (Kua et al.,
2021). The developed media will be more accurately presented in the form of a virtual laboratory.

Students have turned smartphones into a necessity (Rideout et al., 2022), both for
communication and just for playing games. This condition influences the way students learn. Students
who are accustomed to understanding the use of Android-based applications through indirectly
presented illustrations become a benchmark for understanding the concepts of the material in learning
(Kaniawati et al., 2016). Therefore, the existence of ICT-based learning media is highly necessary in
education. Besides facilitating access to information, students can also access objects that cannot be
presented in the classroom due to spatial and temporal limitations. Thus, ICT-based media allows the
presentation of learning material to become more concrete and provides students with the opportunity
to interact directly with virtual objects, both physically, mentally, and emotionally (Zahra et al., 2023).

In addition to characteristics in learning, understanding the needs of students is equally
important. Moreover, each person has different characteristics. Some students can easily perform
activities, but there are also many students who face various challenges in their learning (J.-W. Lin et
al., 2016). These different characteristics create different needs. Especially in the current digital era, the
convenience offered by technological products shapes students' mindset that practicality is also
expected to support learning. In addition to being engaging, learning objectives will be achieved
effectively and efficiently when supported by the use of appropriate learning media (Puspitarini &
Hanif, 2019).

The characteristics and needs of these students serve as the basis for the development of
Android-based learning media that can be accessed anywhere and anytime on the subject of the solar
system. This material is presented considering that the presence of objects in the solar system is beyond
the reach of students (although Earth is a member of the solar system, it is only a small part). Therefore,
this media is highly suitable for presenting the solar system in interactive simulations. Thus, students
can still interact virtually with objects in the solar system (Y.-C. Lin et al., 2015).

This media is designed to be very engaging so that users do not quickly get bored when using
it for learning. This is evident from the initial display when the media application is opened, namely the
cover. In the cover view, a simulation of the Earth's evolution rotating around the sun is followed by
the moon. The presentation of this simulation captures the user's attention to continue exploring the
media. The trade-off still considers the accuracy of the solar system concept. The direction of revolution
and rotation has been adjusted based on the Heliocentric theory. However, the distances between the
sun, earth, and moon are overlooked due to limited space on the screen.

Simulations are also presented in the material to reinforce user understanding while reading the
content. In addition to simulations, affirmative questions for important concepts are also presented in
the material. This is done so that users are emphasized that what they are reading is crucial and useful
for understanding the material. Furthermore, the integration of ICT, especially learning media, can
create engaging and enjoyable learning activities, enhance student autonomy, and increase learning
motivation (Al-Munawwarah, 2014). Thus, the use of ICT can assist educators in enhancing the learning
process (Muinde & Mbataru, 2019). In the end, active learning can enhance the quality of education
(Parvin, 2013).

Interactive tests are also presented in this media. These tests serve to measure the user's
understanding of the solar system material, especially as presented in this media. Each question in the
test is accompanied by answer rankings. Thus, users can immediately know whether their answer is
correct or incorrect when choosing an answer option. As a result, the benefits of using interactive testing
(Freeman et al., 2019) with feedback on actions given in the form of direct scores enhance user memory
and understanding.

The advantage of the developed learning media prototype is its high accessibility. Considering
that this prototype can be installed on Android-based smartphones, users can access it anywhere and
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anytime for individual learning purposes (mobile learning). Mobile learning is effectively applied in
education and can motivate students of various age groups, including undergraduate and graduate
students aged 16-35 years (Oyelere et al., 2018), as well as students and teachers (Wen & Zhang, 2014).
In addition, it has been proven that individual computing programs also have a positive impact on
learning practices (Nielsen et al., 2015). This means that there are times when individuals need time to
learn independently in their own way to understand learning materials optimally. It also allows
individuals to repeat without limitations, which is not possible in group work as it is prone to causing
internal conflicts within the group.

With the validation of the developed learning media design, the Android-based solar system
learning media prototype is obtained. Theoretically, this prototype is deemed appropriate and effective
as a supplementary learning tool both inside and outside the classroom. Therefore, users can access
information in this prototype anywhere according to their needs (Ugur et al., 2016).

This convenience gives users plenty of opportunities to learn with the best possible mindset.
Sometimes, educators provide good teaching, but at the wrong time (Niemi & Kousa, 2020). With this
good learning media, such issues can be overcome. The limitations of face-to-face learning time force
the cessation of educational communication between educators and learners. This mobile learning
media bridges that limitation with the help of smartphones (Yu et al., 2022) so that students can always
interact with learning materials, enhancing their understanding. Therefore, ICT in education can
improve the performance of learners and the quality of educators in teaching (Hanaysha et al., 2023).

Although animation is considered a complex medium or too fast to be accurately understood,
other research in the field of cognitive psychology reports that the perceived cognitive load when using
animated learning media can be reduced or enhanced through the application of instructional design
(Lai et al., 2019). Furthermore, well-designed animations or simulations can result in a smaller
extraneous cognitive load compared to static image instructions (Yang et al., 2018).

Limitations

Nevertheless, this prototype needs to be tested in actual learning scenarios. It considers that the
prototype's feasibility is still assessed from the theoretical perspective of experts. Certainly, the
validation and effectiveness of this prototype need to be empirically tested. Moreover, prototype users
will be students who are currently in the learning process and have characteristics, backgrounds, and
levels of knowledge that differ from the experts. Therefore, further research on the effectiveness of the
prototype in learning is needed.

CONCLUSION

Based on the results and discussions, it can be concluded that many students in the current
digital era are interested in engaging with TIK-based learning media that are easily accessible, varied,
and interactive. This interest places TIK-based learning at the most needed position compared to other
aspects (attraction, effectiveness, efficiency, etc.). The characteristics and needs of students in learning
serve as the basis for developing an Android-based learning media prototype that complements learning
about the solar system, aiming to enhance users' understanding of physics concepts related to celestial
bodies. Thus, the product can be used for independent learning as a smart solution and implemented in
blended/hybrid learning. However, this prototype needs to be tested in real learning scenarios to assess
its effectiveness in education.
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