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1. Introduction

One of the latest advanced uses of technology in a learning process is the flipped
classroom model. This model is implemented by providing content outside the classroom
using technology, and then the activities are carried out in the class (Naccarato & Karakok,
2015). Educators and researchers from various disciplines are recently focusing on the
learning approach of the flipped classroom model (Asiksoy & Ozdamli, 2016) because it
positively influences student learning achievement (Leo & Puzio, 2016; Gross et al., 2015)
and increases student involvement in the learning process (Gilboy et al., 2015). The students
involved in the flipped classroom model feel more enthusiastic than those in the classical
model (Touchton, 2015), and even education students at the Training Teaching School of the
University of Extremadura in Spain expect more flipped classroom-based classes (Can et al.,
2016).
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The flipped classroom is a learning approach that has been familiar since the existence of
learning technology. The flipped classroom is defined as a student-centered active learning
approach that aims to increase the effectiveness of a classroom learning process and improve
student performances (Asiksoy & Ozdamli, 2016). Moreover, the flipped classroom is an
approach that emphasizes a dynamic and interactive learning environment directly involved in
the learning process (Mackinnon, 2015). The course contents and materials in the flipped
classroom are delivered outside the classroom through technology, and thus, the classroom
learning duration focuses on an active learning process (Leo & Puzio, 2016). Students who
are involved in a flipped classroom can find information and learning resources more
independently.

One of the technologies that can be integrated into a flipped classroom is digital learning
media. The field observations show that the learning media development tends to utilize
computers. Consequently, it is less flexible, and the students find it challenging to learn
anytime and anywhere. Students in a learning process need accessible and flexible learning
media. Based on those criteria, the hardware possibly developed as a learning media is a
smartphone with mobile learning applications (Saefi et al., 2017) or Mobile learning media
(M-learning media). M-learning media utilizing smartphones is a contemporary and paperless
learning media (Taufiq et al., 2016) and gives the students opportunities to access their
learning resources anytime and anywhere (Astra et al., 2015).

The use of smartphones, such as M-learning media, attracts many educational researchers
because it is portable, accessible, and massively used. M-learning media provides quick
access to explore learning resources (Oprea & Miron, 2014). M-learning media is defined as
learning that focuses on technology through mobile devices, such as cell phones, digital audio
players, digital cameras and voice recorders, pen scanners, etc. (Keskin & Metcalf, 2011).
Mobile learning media related to students' mobility aims to facilitate their learning without the
time and location constraints; thus, it can encourage and improve communication and
interaction among students (Astra et al., 2015; Mahmoud et al., 2015). M-learning media
benefits can make a class more interactive, it allows the learning process to continue after the
class ends, and students will learn more independently (Zydney & Warner, 2016).

The application of M-learning media in physics learning using a smartphone can encourage
physics teachers more creative and innovative in presenting instructional materials

(Simanjuntak & Budi, 2018). Furthermore, M-learning media is proven to have very positive
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influences to engage students in learning physics (Gonzalez et al., 2015). Another benefit of
M-learning media using a smartphone is an experimental tool in explaining materials that are
necessarily visualized (Mardiana & Kuswanto, 2017; Oprea & Miron, 2014). Besides,
smartphones used in M-learning media can transform the learning experiences and then direct
students to develop their thinking skills, analysis, and learning plans (Mardiana & Kuswanto,
2017). The previously mentioned literature concludes that learning physics using smartphone-
based learning media can encourage students to be more active and critical in the learning
process.

The M-learning media research developed in this research is an Android-based interactive
learning application. Android-based learning can be used as an alternative interactive learning
media to motivate students to learn independently (Simanjuntak & Budi, 2018). It can
improve critical thinking patterns in learning physics (Mardiana & Kuswanto, 2017). The
combination of M-learning media and flipped classroom potentially create a better learning
experience in teaching physics. From the studies mentioned earlier, M-learning media has
been prevalent in learning physics, but few studies concern specific parts of physics, such as
optical physics.

Optical physics is a part of physics that focuses on investigating the basics of light, and its
interactions towards the material, including classical optical phenomena such as reflection,
etc. Optical physics learning is a compulsory subject in the Diploma Program of Optic
Refraction Department at STIKES HAKLI Semarang. This subject is complicated for the
students to understand, and they are not active in the learning process. M-learning media was
implemented to overcome these problems by designing an installable mobile learning
application on students' smartphones to learn the subjects everywhere and more
independently. The M-Learning media for optical physics were designed and developed in
this study based on specific characteristics, i.e., the students can access materials and
exercises offline or without an internet connection. Therefore, they can quickly learn and
practice the materials. The key answers and explanations were given after the students had
completed the exercises to provide a fast evaluation. The learning assessment was connected
to the internet, and thus, the lecturers could monitor and evaluate the students’ comprehension
of learning materials.

Finally, this study aims to design a flipped classrooms-based mobile learning media to

teach optical physics and investigate its validity, effectiveness, and practicality. The validity
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was explored based on the product descriptions of developed flipped classroom-based M-
learning media. The effectiveness was measured by implementing a flipped classroom-based
M-learning media in teaching optical physics to enhance students’ learning achievement
based on their learning and classroom activities. Meanwhile, practicality was investigated
from the students’ perceptions after implementing flipped classroom-based M-learning media
to master optical physics.

2. Method

This research participants were 25 students in semester 1 of Academic Year 2020-2021 in
the Diploma Program of Optic Refraction Department STIKES HAKLI Semarang. This
research’s independent variable was the application of flipped classroom-based M-learning
media, while the dependent variable was student learning outcomes in the Optical Physics
course. The research topics developed included light, light waves, light dispersion, light
interference, light diffraction, and light polarization.

The flipped classroom learning stages (Brame, 2019a) were adapted and implemented in
the M-learning media application before, during, and after the learning. In the before learning
stage of teaching optical physics, the lecturer prepared optical physics materials and exercises.
Afterward, he allowed the students to prepare themselves in meaningful and productive ways.
Consequently, they read and understood new concepts and terminology related to the learning
topics through an Android mobile application without an internet connection because the
materials and exercises had been installed in the application. They took notes and wrote down
questions to discuss different topics in the classroom.

During the learning process, the lecturer organized activities focusing on higher-level
cognitive function and helped students receive input knowledge from peers and their teachers
to achieve the learning goals. Learning activities were conducted by exploring students’
comprehension after they had practiced the exercises using mobile applications. These
activities involved peer discussions and interaction with the lecturer.

Students continued their activities to evaluate the learning through a test by using a mobile
application connected to the internet in the after learning stage. Thus, the lecturer could
monitor and evaluate the students’ comprehension of learning materials. It was conducted to

provide opportunities for students to strengthen and broaden their knowledge.
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This research employed a research and development method, and its stages included
planning, designing, developing, and disseminating. They aimed to develop M-learning
media (Android application) to learn optical physics based on the flipped classroom. The
planning was done by analyzing the initial analysis, students, concepts, assignments, and
learning objectives from optical physics. The initial stage was conducted by reviewing the
literature, teaching materials, and learning methods in line with the learning trends.

The student analysis stages were conducted by assessing students, including their
backgrounds, learning styles, and learning motivation to constitute the selection of learning
topics and language used, and by adjusting the student’s cognitive development. The concept
analysis stage was to identify topics that met the students’ needs, and thus, the analysis was
systematically arranged. The task analysis stage aimed to compile tasks under the procedure,
and then the material outline was compiled in M-learning media. Formulating the learning
objectives was conducted after the analysis concepts and tasks had been available. It aimed to
create learning objectives and indicators to achieve.

The designing stages included making the M-learning media (Android application) for the
optical physics course and designing the research instruments. This stage product was draft 1
of the M-learning media, test, and questionnaire. At this stage, the activities included
validating the developed learning media and testing the M-learning media on a limited and
large scale. Two experts at learning content and learning media conducted the validation.
Expert validation validated learning material contents by a content expert and media
appearance and practicality by a learning media expert. The initial validated design was then
tried out in a small group of 10 students. Each student installed the learning media on their
smartphone. The purpose of the limited scale test was to determine the legibility and clarity of
the material and the tasks integrated with the Android-based optical physics learning media
application.

The next stage was revising the limited-scale trial results to produce a learning media
design concept that was readily tested on a large scale. The broad-scale trial implemented the
flipped classroom approach. The broad-scale trial participants were 25 students of semester 1
in the diploma program of the Optical Refraction Department at STIKES HAKLI Semarang.
The results of the broad-scale trial were then revised to produce the final results of learning
media. This final stage aimed to revise the M-learning media design based on the experts’

inputs and data obtained from the limited and large-scale trials.
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The dissemination stage of development research included obtaining the copyright on the
interactive learning application for the flipped classroom-based M-learning media (Android
application). The research process and results were reported and published in a scientific
article.

The research data collected based on four instruments: expert validation sheets, test,
questionnaire, and observation. The expert validation was administered in developing M-
learning media, and the questionnaire was used to discover the students’ responses to the
practicality of using the learning media. Meanwhile, student activities were observed by using
observation sheets during the learning process.

The expert validation sheet results were analyzed quantitatively and then interpreted to
determine the feasibility of developed M-learning media. The analysis of test results and
student responses was taken from the broad-scale trial results and used descriptive statistics of
SPSS 21. Meanwhile, the observation data were analyzed by descriptive qualitative method.
Data analysis of the instruments could provide a compulsorily comprehensive description

(Sung et al., 2016) that would be implied for the use of instructional media theory.

3. Results and Discussion

These research results are elaborated based on research product description, validation
results, effectiveness, and practicality of flipped classroom-based M-learning media to teach
optical physics.
Research product description

This study developed a product in the learning media converted into an Android Package
(apk.). The application is sendable to the students via Bluetooth transfer, Whatsapp sharing,
or email. The product designs consist of the menu page, teaching materials page (light & its
properties, light waves, light deficiency, light interference, light diffraction, and light
polarization), training page for each material, evaluation page, and evaluation history page.
These designs are presented in Figure 1. The teaching material page consists of the materials
taught and the exercise menu, as illustrated in Figure 2. The available materials and exercises
can be accessed offline and independently, and thus, the students can still learn the materials

without an internet connection.
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Figure 1. Main menu page
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Figure 2. Examples of teaching material pages

It is expected that the design of the exercises with answer keys can encourage students to
learn independently and involve more interactively. The answer key will appear after they

complete the task. The task of each material is presented in Figure 3.
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Figure 3. Examples of an independent practice page with an answer key after the students’ work accomplishment

The evaluation page presented in Figure 4 consists of questions designed to determine the
students' level of ability after they understand each material taught. This evaluation page is
presented online, and thus the teacher can get the students’ scores that will be connected to
the lecturer’s application.

EE® - B Nf =..0 56% @ 9:29 am
< Evaluasi

1. Sir Issac Newton menyatakan bahwa cahaya
merupakan ...

O A. gelombang elektromagnetik
O B. gelombang longitudinal
o C. gelombang tranversal

O D. gelombang mekanik

2. limuwan yang berseberangan pendapat dengan
Newton mengenai hakikat cahaya pada masa itu
adalah ....

O A. Fresnel
O B. Max Planck
O C. Albert Einsten

O D. Stephen Hawking

3. Teori dualisme cahaya yaitu sebagai gelombang
dan sebagai partikel dikemukakan oleh ...

O A. Newton

Figure 4. Evaluatable-online evaluation page by the lecturers
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Validation results

After designing and developing the Android-based M-learning media, this study validated
the application by two experts at teaching science and teaching multimedia learning. The
validation process was conducted at the design stage of this development research. The expert
assessment was implemented based on the validators’ assessment sheets. The expert
validation on flipped classrooms-based M-learning Android media reveals a recapitulation
score by 31; the score is categorized good and declared a valid result. The recapitulation of
the flipped classroom-based M-learning assessment score for Android media is presented in

Table 1, and the interval for M-learning media evaluation is presented in Table 2.

Table 1. Recapitulation of the assessment score for M-learning media

c ¢ Validator A Max Inf i
omponen 1 > verage Score nformation
Content (content) 30 30 30 40 M-learning media is usable
Language 32 30 31 40 with minimal revision and
Display 31 33 32 40 valid status
Total 31
Table 2. Assessment interval of M-learning media
Score Score Information
33<n<40 Very good It is usable without revision and valid
26<n<32 Well It is usable with minimal revisions and valid
18<n<25 Pretty good It is usable but requires many revisions
10<n<17 Not good It not is usable and still requires revisions and consultation

The data in Table 1 show that M-learning media has been developed in the ‘Good’ category.
These categories conclude that M-learning media is usable with some revisions. The
validators’ revisions:
a. The discussion in the answer key page must be presented structurally to facilitate
students' read.
b. The exercise questions, along with their answer keys, appear after the students have
completed all the exercises.
c. Based on these revisions, this study requires rearranging the answer keys of each
exercise in each topic. As a result, students can do the exercises immediately after
reading and understanding the material. Each answer key from these exercises is

displayed after they complete the task.
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After the learning media was revised based on the validators’ suggestions, the Android-
based M-learning media determined its effectiveness and practicality. The effectivity was
tested in 25 diploma students of the Optisi Refraction Department in flipped classroom
learning. The technology-based learning media was integrated to create student-centered
learning in every meeting. The practicality was analyzed based on the students' responses
after they had completed the learning activities available in the developed learning media.
Effectiveness of M-learning media

The results of M-learning media effectiveness in the flipped classroom include 1) analysis
of student learning outcome tests and 2) observation of student activities. The analysis
results of the learning test were given before and after the students had attended the learning

activities. The results of students’ learning tests are presented in Table 3.

Table 3. Descriptive statistics of students’ learning results

N Minimum Maximum Mean Std. Deviation
Pre-test 25 60.00 88 75 8.56349
Post-test 25 62.00 98 89 11.92099
Valid N (listwise) 25

The descriptive statistical analysis results show that the students’ learning outcomes in the
optical physics course increase 14 points, from 75 in the pre-test to 89 in the post-test. It
indicates that the use of flipped classroom-based Android learning media significantly
influences student achievement. The paired sample test proves this considerable effect and

indicates that the p-value is below 0.05. These results are presented in Table 4.
Table 4. Results of the paired sample test in pre-test and post-test
Paired Samples Test
T Df Sig. (2-tailed)
-6.998 24 .000

Pre-test — Post-test

Furthermore, the students’ activities during learning using flipped classroom-based M-
learning media were observed using observation sheets. Three observers, consisting of the
researcher and two observers, collected student activity data through the observation. The

interval criteria for the students’ scores are presented in Table 5.

Table 5. Interval score criteria of student activity assessment

Interval Criteria
33<n<4 Very active
26<n<32 Active
1.8<n<25 Quite active
1<n<1.7 Not active
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The observation result analysis of student activity reveals that the average score of
students' activity on learning optical physics devices is 3.5. This result is categorized as very
active and shows that the students more enthusiastically learned with M-learning media
because they could learn more independently and flexibly with their cellphones. Furthermore,
this result agrees with previous studies deploying that technology-based learning via mobile
phones much supports student learning activities because technology-based learning media
can increase the students’ learning interests and the effectiveness of the learning process
(Sung et al., 2016; Muyaroah & Fajartia, 2017). It can be summarized that students more
easily understand the materials because M-learning media can make the teaching and learning
process enjoyable, and the students are highly interested in the process.

The practicality of M-learning media

The analysis of students’ responses shows that 85% of them responded positively.
Moreover, they stated that learning optical physics by using the Android application in the
flipped classroom maotivated them to learn, and they were enthusiastic during the learning
process. These results indicate that the flipped classrooms-based M-learning Android media
developed in this research was categorized as a practical application. The previous study
supports this finding that flipped classrooms can facilitate students to have an interactive-
virtual tool outside the classroom and the valuable-active learning approaches (Brame,
2019a).

The practicality indicators in using flipped classroom-based M-learning media are the
students’ great activity and responsibility in the learning process. M-learning media provides
opportunities for the students to express their opinions and respect others’ opinions
successfully, students’ better-learning results, and opportunities for every student to actively
be involved in discussions. Furthermore, a study by (Vieyra et al., 2015) corroborated that M-
learning media helped teachers integrate the technology in the classroom better and improved

learning outcomes and student engagement.

4. Conclusion

The application of flipped classroom-based M-learning media in the optical physics course
is valid, effective, and practical. The expert validation shows that the M-learning media is
categorized as valid and is possibly implemented in learning. Moreover, the use of M-learning

media has a significant effect on student achievement. The considerable differences between
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the pre-test and post-test declare that M-learning media is effective in the classroom.
Meanwhile, the effectiveness of M-learning media is proven by the student activities observed
during the learning process using the observation sheets. Practicality is proven from the
questionnaire results. The majority of students responded positively and argued that learning
optical physics by applying the flipped classroom-based M-learning media could motivate
them to master the course enthusiastically and enjoyed the learning process.
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