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ABSTRACT

One of the learning media with mobile technology that can be used for education is 'smartphone." This study
developed a smartphone-based learning media capable of supporting physics learning on Microscope topics for
X1 grade high school students with a specialization in Mathematics and Natural Sciences (MIPA). This
development product is in the form of teaching materials that can be accessed through an application on a
smartphone. This learning media is validated by media experts and content experts. The development model used
is modified Borg & Gall with seven stages, namely the preliminary research stage and information gathering, the
planning stage, the preliminary product development stage, the design validation, the main product revision, the
main field testing, and the operational product revision stage. The data obtained were analysed using equations
and interpreted in the interpretation of the validation results assessment score. This development results reveal the
validity value of smartphone-based learning media by content experts and media experts. The validity of media
expert’s states that it is valid for product development and the validity of material expert’s states that the content
developed in learning media is very valid. The accumulated student response to the application of smartphone-
based learning media is very good.
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1. INTRODUCTION The convenience offered by technology supports

communication and interaction while studying.

The development of technology in the 21st century
is followed by developments in all aspects of life,
including education. Education and technology are
now closely related and influence each other [1].
Education with technology provides interesting
learning innovations and provides easy access to
knowledge [2]. Applied technology for education
makes the use of technology more meaningful and
useful. Technology is a positive tool to support the
achievement of educational goals [3]. Technology also
affects the development of educational curricula in
three ways, i. e: (1) the use of new technology becomes
the social goal of the curriculum, (2) technology
provides resources for curriculum development, and
(3) technology is able to provide tools to virtually
assess various areas of practice [4].

Accessing the material will be easier so that it can help
facilitate the learning process [5]. One form of
technology that is being widely used is the
‘smartphone’. A survey conducted by the United
States of 2,100 public school students in North
Carolina in 2015 showed that 48% of 11-year-olds
own a smartphone and 85% of 14-year-olds own a
smartphone [6]. Underage internet users in China
reached 169 million, with details: 89.5% of elementary
school students, 99.4% of junior high school students,
and 96.3% of high school students. Overall, there are
92% of students who use smartphones to access the
internet [7]. Based on data from the Ministry of
Communication and Information Technology of the
Republic of Indonesia, through its research with
UNICEF on the behavior of children and adolescents
using the internet. It is reported that there are around
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30 million children and adolescents in Indonesia who
use the internet and digital media as the main
communication channels [8].

Smartphones are now a lifestyle for Indonesian
teenagers based on the high number of smartphone
users. Even though smartphones have many positive
aspects such as making communication easier, making
it easier to reach the internet and other convenience
features [9]. However, this positive aspect of
smartphones has not been fully utilized. Even when
smartphones are used in the long term (used
continuously until it consumes time), it can have a
negative impact on students [10][11]. For example,
causing physical health problems, psychological
problems, social or affecting the learning environment
[12]. The use of smartphones in the digital era can be
done effectively. So that social media can be used
positively as a forum for virtual expression.

Education at the high school level needs to
integrate learning with smartphone technology.
Especially, how teachers manage technology to
control the use of smartphones by students. Teachers
must be able to lead students to use smartphones
wisely [13]. The development of smartphone-based
learning media by teachers is an effective smartphone
utilization solution [14]. This has a positive impact on
students. In addition to adding value to the functions
and benefits of smartphones for learning, the academic
performance of students will increase [15]. This can
also have a positive impact on aspects of knowledge,
aspects of skills, and attitudes [16]. The use of
smartphones for learning activities affects the
academic achievement of students [17]. Smartphone-
based learning media can also be used anytime and
anywhere, and train the independence of students in
exploring knowledge [14][18].

Microscope sub topic for XI grade high school
students focuses on parts of the microscope and the
formation of object images on the microscope.
Smartphone-based learning media provides a clearer
picture of the parts of the microscope and clearer
explanation about how light forms shadows on objects
on the microscope [19]. Microscope is a part of Optics
lesson in physics learning that explains observable
phenomena based on human experience and
experiments in detail [20]. The learning media
developed not only displays theory, but provides a
detailed description of the microscope, from theory to
problem solving [21].

Smart App Creator (SAC) is a software that can be
used in the development of learning media. The
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software displays static theory and simulation. Even
though the development of teaching materials will be
far more optimal when it can be used in detail.
However, SAC can be used to create multimedia
content for mobile devices/smartphones for
educational use. SAC is compatible with iOS and
android operating systems. The output extensions of
this software are apk, xcodeproj, HTML5, and .exe.
this allows the resulting application to be compatible
with a wide range of touch devices and monitors [22].
So, in making smartphone-based learning media, SAC
software can be used with the results of the application
in the apk format that is easy to download and use by
students. The development of learning media also
needs to be developed in this digital era. The media
developed in this study contained optical material
about microscopes for high schools. This media is
developed and tested for its feasibility and practicality
before being used for a larger scope.

2. RESEARCH METHOD

This development design used Research and
Development (R&D) design. This research used the
Borg & Gall model which has ten development stages,
i.e.. (1) Research and information collecting; (2)
Planning; (3) Develop a preliminary form of product;
(4) Preliminary field testing; (5) Main product
revision; (6) Main field testing; (7) Operational
product revision; (8) Operational field testing; (9)
Final product revision; (10) Dissemination and
implementation [23]. Researchers modify the stages of
development according to the objectives of this
research. The developments used include (1)
Preliminary research and information collecting; (2)
Planning; (3) Develop a preliminary form of product;
(4) Design Validation; (5) Main product revision; (6)
Main field testing; and (7) Operational product
revision [24]. This research was conducted at SMA N
1 Ngaglik, Yogyakarta. The subjects in this study were
students of class XI MIPA 2 (class XI with a
specialization in Mathematics and Natural Sciences)
SMA N 1 Ngaglik.

The stages of the preliminary research and
information collecting were carried out by conducting
a field survey to identify problems that occurred in
learning physics and analysis on students at SMA N 1
Ngaglik, especially in class X1 MIPA. The survey was
conducted by using the observation method.

The second stage is the planning stage by designing
a storyboard. This stage prepared the concepts of
smartphone-based learning media development,
curriculum in the form of basic competencies, and
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learning indicators from the topic of microscope. The
third stage is the development of preliminary products.
This stage consisted of determining the source of
content, formulating basic competencies, designing
the appearance and content of learning media, and
packaging attractive learning media.

The fourth stage is designed validation by
assessing the product. The validation stage was carried
out to obtain the feasibility value of the experts.
Validation was carried out by content and media
experts, each validation team consisting of two
experts. The result of this validation is a product in the
form of smartphone-based learning media that is
suitable for use and is feasible to be tested on students.
The fifth stage is design revision. At this stage, the
product design that has been validated was revised
based on comments and suggestions from content
experts and media experts.

The sixth stage is product testing. Product trials
were carried out at SMA N 1 Ngaglik in class XI
MIPA with the aim of seeing students’ responses to
this media. The results of the product trials show that
this Smartphone-based learning media product has
met the eligibility requirements or is suitable for use
by students. The last stage, product revision, aims to

Preliminary research and information collecting
Lield Survey
Identify learning problems and needs of students
Literature Study
Analysis of concepts related to the product and
analysis of problems from relevant articles

v

Planning
Designing smartphone-based learning media design

v
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revise the product according to the input and
suggestions from the sixth stage. The weaknesses
found are fixed and refined so that the product can
meet the requirements for use and is suitable for use
by students. This development stage is presented in
Figure 1.

The data analysis techniques were product
validation analysis and practicality analysis.
Lecturers carry out product validation, and students
carry out practicality. The score of each statement for
all validation results by the validator and the students’
responses were analyzed and expressed in the form of
an equation [25]:

gs=35
Sm

)

SS is the validity value of media experts and
content experts, and the practicality value obtained
from the responses of students. SS is the sum of the
average score of each indicator of the validity of media
experts, content experts, and student responses, and
S, is the sum of sub indicator. Table 1 presents the
assessment criteria used in this study to interpret the
results of expert validation and the results of
practicality tests on students [26].

Design Validation
Validation of the quality of learning
media in terms of material and media
design
(done by 4 experts)

v

Main product revision

v

\ 4

Main field testing
Test the feasibility of using learning

Develop preliminary form of product
Developing products and compiling content for
smartphone-based learning media using the Smartapp
Creator application, and compiling validation instruments

media by students

'

Operational product revision

Figure 1. Research and development stage of smartphone based learning media
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Table 1. Interpretation of the validation result
assessment score

Interval Assessment ‘ Conclusion ‘
Criteria
3,26 - 4,00 Strongly Valid | Can be used
without revision
2,51-3,25 Valid Can be used
with minor
revisions
1,76 - 2,50 Invalid Cannot be used
because it
needs revision
1,00-1,75 Strongly Cannot be used
Invalid at all

If the validation and assessment results show a value
of less than 2.51, the product will be revised or
corrected according to suggestions and comments.
However, if the results show more than 2.51 then the
product is suitable for use in learning.

3. RESULTS AND DISCUSSION

This development research consists of three main
stages, the preliminary research stage, the product
design and development stage, and the validation and
evaluation stage. The results of each stage are
explained at the following points.

3.1 Preliminary Research Stage

Field survey. After conducting a field survey using
the classroom observation method, it was found that
the learning outcomes of class XI MIPA students in
learning physics were quite good. However, the
enthusiasm of students in learning physics is lacking
[27]. It was also found that the use of smartphones for
learning by students was not optimal, while the school
allowed students to bring smartphones [28].

Literature review. After examining various
relevant sources, the results show that the use of
smartphones in education is still low. Smartphones as
a technology that is easily accessible to students are
still used only for social media but have not been used
to support learning [10]. Internet connection that is
connected directly to a smartphone is very easily
accessible to students. It also has not been used to
support learning and improve students’ abilities [29].
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3.2 Product Design and Development Stage

The product developed was a smartphone-based
learning media suitable for use in learning with a
microscope topic. The media developed was adjusted
to the indicator of learning objectives from the
microscope topic. SAC software can be downloaded
via UC Browser or google. The design process began
with inserting the microscope topic into the SAC
software and compiling it according to the storyboard
referring to the learning achievement indicators. The
main material was supported by pictures and videos.
Editing used the features provided by SAC, such as
font selection, image selection, background, image
editing, video, simulation input with less complicated
editing [22]. The last stage is to change the media that
has been designed and developed at SAC into an
application in the form of an apk file. This apk file was
downloaded by students and installed on their
smartphone. Figure 2,3,4, and 5 shows some parts of
the smartphone-based physics learning media on the

microscope topic.

MIKROSKOP

Fed,

u&

-« ™

Tujuan Fembela joran

1. Peserto didik dopat mengidentificasi
ponggunoan  mikroskop  dalom
kehidupon sehori-horl dengno tepot.

2. Pasorto didk menganalists mokak
tang pinsip pembaontukon
N perbesaron mikroskop

i pat menganatiss
mikroskop menggunokan
pembiasan oleh
cormin dan lonsa dengon bonar

4116 Menghomnstas shom eivolog! mikroskop

Figure 3. Performance of competency section
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Figure 5. Performance of the material in the form
of videos and illustration

Smartphone-based physics learning media that has
been developed were then validated by experts to get
improvements. The results of product improvements
were then used to be tested on students (Main field
testing). The trial stage for students was carried out by
implementing the product in physics learning in
school. The purpose of this stage was to determine the
response of students to the media used. The results of
students’ responses to products were taken into
consideration for product evaluation (Operational
product revision). So, the results of the validation of
the smartphone-based physics learning media on
microscope topic were obtained from the assessment
of experts and the responses of students.

3.3. Validation and Evaluation Stage

Products are developed following the design
described above. Smartphone-based learning media
that has been developed are then validated by content
and media experts and tested for student practicality.
The product was validated by two content experts and
two media experts. The results of data analysis from
each testing phase are described in the following
points.

(] Mikroskop 3.3.1 Media Experts Validation
e e e ity e ol oy St g s b The results of the media experts’ assessment on the
::::::::ﬁ‘:::::’::‘ lonsa yang dekat denganmato pengamat. Jarak antarna lensa ob Joktt dan lensa okulor product are presented in Table 2.
r s B 3o clctdion o et iy ok o8 Table 2. Media validation results by media experts
antara Fob dan 2Fob. Bayongan yang dibentuk
:::‘: oy berupa bayangan | yang bersifat nyata, terbalik dan . .
s diperbesar, Obyek agor terfihat diperbesar, maka Aspect Average Criteria
Beeigeat obyek harus diletokkan di depon lensa okuler Score
“ (ljlkmlmn thl:r:ptl( [+] (::ln X:H‘::( ioku:.uor::k)r:!::’)'. _ _
cvoncan I yong Abentuic yorig dbent
\ ::'::m lensa okuler teretak di depan lensa okuler, bersifat Qua“ty Of content 4 Strongly Valld
Mikroskop Optik e \‘ maya, diperbesar, dan terbalik terhadap arah benda Lang Uage 3 Val |d
Baysgan 1+ obyek semula.
lgrem e amiiion Implementation 4 Strongly Valid
bayangan pada mikrosk ik " A
S Visual appearance 3.25 Valid
. . ] Sound aspect 3 Valid
Figure 4. Performance of material section Easy to use 3 valid
Jalannya Sinar dan Pembentukan Bayangan Average overall 3.375 Valid
aspects

Table 2 shows information on the results of media
validation with 6 assessment aspects (content quality,
language, feasibility, visual appearance, sound, easy to
use). The results of media validation with an overall
average show that the developed product has “valid”
criteria. The results of this validation indicate that
smartphone-based learning media is suitable for use in
learning on microscope topics. The results of this
study are supported by previous research [21][22].

3.3.2 Content Expert Validation

The results of the evaluation of the content experts’
validation on the product are presented in Table 3.

Table 3. Content validation results by content expert
validators

Aspect Average Criteria
Score
Quality of content 3.75 Strongly Valid
Language 4 Strongly Valid
Implementation 35 Strongly Valid
Visual appearance 35 Strongly Valid
Sound aspect 4 Strongly Valid
Easy to use 4 Strongly Valid
Average overall 3.79 Strongly Valid
aspects

Table 3 provides information on the results of
content validation with 6 aspects of assessment
(content quality, language, implementation, visual
appearance, sound, easy to use). The results of the
content validation with the overall average show that
this product has “strongly valid” criteria. The results
of this validation indicate that smartphone-based
learning media is suitable for use in learning on
microscope topic. The results of this study are
supported by previous research [19].
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3.3.3 Students Responses

The results of students’ responses to this product
are presented in Table 4.

Table 4. Students responses to learning media

Aspect Average Criteria
Score

Content and 3,35 Very Good
objectives

Instructional 3,48 Very Good

Technical 3,73 Very Good

Language 3,32 Very Good

Average overall 3,47 Very Good

aspects

Table 4 shows information on the results of
students’ responses with 4 aspects of assessment
(content and objectives, instructional, technical, and
language). The results of students’ responses with an
average of all aspects showed that the developed
product had “very good” criteria. The results of this
validation indicate that smartphone-based learning
media can be used properly by students [19] [21].

Smartphone-based learning media on microscope
topic has very good criteria and is suitable for use for
students of class XI MIPA based on the validation
results. This smartphone-based learning media has
been developed and can be used in the learning
process. This learning media can be used both in class
and outside the classroom and can help students get
more meaningful learning [13] [14]. Previous research
supports the results of this research that smartphone-
based learning media helped students achieve learning
indicators [16]. Other studies also support the results
of this study which stated that learning media assisted
by smartphones were suitable for use in educational
units and support students in achieving their learning
goals [15].

Smartphones as part of the latest technological
developments affect education, in the curriculum [10],
the learning process [13], and the results of the
learning process using a smartphone [2] [14] [21]. The
microscope topic that is integrated with the use of a
smartphone is able to provide innovation in learning
media and make it easier for students to understand the
topic. Learning with smartphone-based media can be
an alternative in school learning [14]. The use of
smartphones in learning at school is undoubtedly
necessary to get support from school regulations. The
use of smartphones in the school environment is
positive and optimal for advancing the nation's
education.
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4. CONCLUSION

The results of this research and development are in
the form of smartphone-based physics learning media
on the subject of optics with the microscope topic. The
validation results of smartphone-based learning media
by media experts and content experts showed that this
learning media was feasible for use in the learning
process with valid and very valid predicates. Students,
as respondents, also showed a very good response to
the use of this media. So, it can be concluded that
smartphone-based physics learning media is suitable
for use in learning physics on the microscope topic.

The use of smartphone-based learning media can
be an alternative in learning. Learning in the classroom
becomes more interesting and attractive. This research
can also be an inspiration for further research to
develop smartphone-based learning media on different
subjects.
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