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Abstract—This research aims to improve students' analysis and synthesis
abilities on electronic component learning material. This research was used the
Research and Development (R&D) method. Data were obtained from tenth-
grade students of the Industrial Electronic Engineering Department in Bandung
Regency and to see the improvement in learning outcomes in class X.A and
class X.B, the analysis uses simple linear regression. The results showed that
during the stages of limited and product operational testing, the developed
product tends to improve students' analysis and synthesis abilities in basic
electronic learning material with electronic component submaterials. Therefore,
Android-Based Interactive Mobile Learning has succeeded in creating new and
effective ways for students to learn.
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1 Introduction

One of the problems encountered at Vocational High School (SMK) is the lack of
media that develops students learning abilities. This research aims to improve
students’ analysis and synthesis abilities on electronic component subjects in class X
at SMK Guna Dharma Nusantara. Class X is a class of Computer Network
Engineering study programs, consisting of classes X.A and X.B and both classes have
low basic electronics analysis and synthesis competence. The observation results from
classes X.A and X.B, showed that students lacked an understanding of the learning
material in recognizing basic electronic components. They are only able to identify
the material at a glance without proper understanding. Therefore, the formulation of
this research is to develop students in learning basic electronic materials with basic
competencies in recognizing its components.
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In the presentation and delivery stages, it is necessary to innovate the learning
technology with Android-based media to improve students’ analysis and synthesis
abilities. The problems encountered in this field are as follows:

a) The unavailability of learning models to help students in mastering basic
electronic component materials

b) Lack of understanding

€) The underdevelopment of students’ analysis and synthesis abilities

These three questions are based on previous research findings of using
gamification [1].
The following problems were formulated following the background of the study:

a) How Design, Development, and Testing of Android Based Interactive Mobile
Learning for Basic Electronics Material with Subjects of Analyses and synthesis
for vocational students?

b) What is the percentage of carrying capacity of Android-Based Interactive Mobile
Learning for the mastery of Electronic Component Introductory Materials by
vocational students?

c) What are the effects of android-based interactive mobile learning applications on
the students’ analysis and synthesis abilities?

The objectives of this research include:

a) Knowing the Model of Design, Development, and Testing of Android-Based
Interactive Cellular Learning for Basic Electronics Materials with Analysis and
Synthesis Subjects for SMK students

b) Knowing the percentage level of the carrying capacity of Android-based
Interactive Cellular Learning for the mastery of Electronic Components
Introduction Material by SMK students

¢) Knowing the effect of interactive mobile learning applications based on android on
improving students' analytical and synthesis skills.

2 Theoretical Review

2.1  Mobile learning based on android application

The term Mobile Learning (M-Learning) refers to the use of information
technology (IT) devices, such as PDA, cell phones, laptops, and tablet PCs, in
teaching. A learner can utilize mobile devices, irrespective of their location. However,
M-Learning is unable to replace electronic or face-to-face learning in class. M-
Learning as an alternative learning service carried remotely, as described by [2] as
Mobile Smart Digital.

The development is based on the following reasons, namely:

a) Itis used anytime, irrespective of the users' location
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b) Broad scope

c) Utilizes commercial cellular networks such as GSM, GPRS, and CDMA
d) Availability of the networks everywhere

e) Integration with existing e-learning systems

f) Integration with Academic Information Systems

g) Integration with other systems such as social media

One of the researches that are relevant to this is from[3], about Tablets and apps for
promoting robotics, mathematics, STEM education, and literacy in early childhood
education.

Android is a Linux-based operating system that is primarily designed for touch
screens mobile devices such as smartphones and tablet computers, [4]. It was
originally developed by Android, Inc., with financial support from Google, which
later purchased it in 2005. The operating system was officially released in 2007, in
conjunction with the establishment of the Open Handset Alliance, a consortium of
hardware, software, and telecommunications companies, namely, Google, HTC,
Motorola, Qualcomm, T-Mobile, and Nvidia, will support the learning environment,
as described by[5]. The first Android phone was sold in October 2008, to advance the
open standards of cellular devices.

Ice Cream Sandwich Jelly Bean itk Lotfipop
R PSSR st 44 roeas Marshmallow

Fig. 1. History of the Android Version

(Source: http://www.infocreativemedia.com/mengenal-android-marshmallow/)

Developers are faced with several choices in manufacturing Android-based
applications, as recommended by[5]. However, they need to use Eclipse as an IDE to
design their applications due to its direct support from Google. According to [6],
Android is an open-source software stack that includes an operating system,
middleware, key applications, and a set of Application Programming Interface (API)
to design a mobile application using the Java programming language. Android-based
applications are freely developed, easily downloaded, and utilized according to the
users' specifications.

Adobe Flash is a computer software used to create vector and animated images.
Files generated from this software are in the .swf format and played on web browsers
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equipped with Adobe Flash Player. One of its advantages is the few programming
codes used to manage the animation. Furthermore, it communicates with other
programs such as HTML, PHP, and Databases using an XML approach.
Subsequently, this tends to be collaborated with the web, due to the advantages such
as its ability to output small size files. The latest version of Macromedia is
Macromedia Flash 8, which is modified by Adobe Systems developers to Adobe
Flash CS3.

2.2 Basic electronics analysis and synthesis ability

The introduction of Basic Electronics subjects at the vocational school level
requires a lot of students’ analytical and synthesis abilities. This demand is following
the opinion of [7], which stated that the improvement of students’ learning abilities
needs to be evaluated occasionally. This was also reported by [8] while studying the
Learning Analysis used to improve formative assessment strategies. This is part of the
students' cognitive abilities, therefore the discoveries in this research show many
demonstrations and simulations displayed on mobile learning material such as phones.
This supports the results from the research by [9], which stated that cognitive study is
principally focused on demonstrating the involvement of mental simulations in
cognition.

Following mobile learning, which shows simulations and demonstration of
materials on basic electronic components, the cognitive abilities of students’ analysis
and synthesis abilities, tend to be improved. However, assuming the learning of basic
electronics is still difficult, it, therefore, needs to be practiced occasionally [10],
commended the use of this effort in some domains that lack studies that
systematically investigate cognitive adaptations during the acquisition of expertise.

3 Research Method

The Research and Development method was employed in this study[11], this is a
process used to develop and validate educational products. The development cycle is
organized into several steps as follows: Research and information collection,
planning, developing the preliminary form of the product, field testing, main product
revision, main field testing, product revision operations, operational field testing, final
product revision, dissemination and distribution as shown in Figure 2.

In the series of model tests, researchers used Modeling analysis in class XA and
X.B. After obtaining an Android Based Interactive Mobile Learning model test for the
equally high results in class X.A and X.B, then the model is used in Basic Electronic
learning so that it will get a different percentage of achievement between class X.A
and class X.B. In the last stage, the findings of the Android Based Interactive Mobile
Learning model are used in learning to see the improvement in learning outcomes of
analysis and synthesis. To analyze the improvement in learning outcomes in class X.A
and class X.B, the analysis uses simple linear regression statistics[13], with the
following formula.
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Fig. 2. Steps involved in the Research and Development (R&D) Method [12]

Y =a+bx @

This simple linear regression calculation process is carried out using SPSS version
23. The comparison between the influence of the variables X = Android Based
Interactive Mobile Learning and Y = Analytical and synthesis learning outcome is
done after the findings model is formulated.

4 Results and Discussion

4.1 Design, development and testing of android based interactive mobile
learning for basic electronics material with subjects of analyses and
synthesis.

Several steps are involved in the development of Android-based Interactive Mobile
Learning, such as the initial learning products following basic electronic subjects
taught in class X.A and X.B at vocational school. Furthermore, it also involves
developing learning designs with basic competencies to recognize -electronic
components. Here are the three main stages in the creation of Android-based
Interactive Mobile Learning: The First Steps:

a) Design of Android Based Interactive Mobile Learning, there are: Creating visual of
Display Loading and Main Menu

b) Making Product Design Display of Material and Instructors

c¢) Creating Display of Evaluation

The Second Steps: Development of Android Based Interactive Mobile Learning for
Basic Electronics Material Through Adobe Flash CS 5.5. Third Steps: Testing of
Android Based Interactive Mobile Learning for Basic Electronics Material.

The all of visualization for developed Android-Based Interactive Mobile Learning
model chart consists of designed sketches and visual illustrations displayed on the
android mobile phone, as shown in Figures 3,4, 5 and 6.
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Fig. 3. The Display of Loading and Main Menu on Android Based Interactive Mobile Learning
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Fig. 4. The Display of Material and Instructors on Android Based Interactive Mobile Learning
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Fig. 6. The Display of Evaluation on Android Based Interactive Mobile Learning

Design development starts with developing a flowchart view graph, which serves
as a reference by using the Adobe Flash CS5.5 program. The Action script 3
command programming language was used to create an Android-based Interactive
Mobile Learning application and used to link the scene to the command. The display
of Adobe Flash CS5.5 program is shown in figures 7 and 8.
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Fig. 7. The Display of Adobe Flash CS 5.5 Application with Home Menu of Interactive
Mobile Learning Based on Android
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Fig. 8. Display of Interactive Mobile Learning Based on Android Revised Results using Adobe
Flash CS 5.5 with ActionScript 3

To test the research findings model, each product stage is used in the basic
electronics learning process to measure students' analysis and synthesis. Every 3 times
the revised trials during the development of the model are carried out in the class with
the experimental method. From the three experiments, the average post-test results
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were obtained both from class X. A and class X.B. So, to see the effect of using this
finding model, a statistical analysis of Model Summary is used, the results obtained
can be seen as in the figure 9 below.

Model Summary

Model Summary

Target XA ExpO1

Target X.B Exp01

Automatic Data Preparation On

Automatic Data Preparation Cn

Model Selection Method Forward Stepwise

Model Selection Method Forward Stepwise

Information Criterion 81.718

Information Criterion 81.718

The information criterion is used to compare to
madels. Models with smaller information criterion
values fit better.

Mo effects were selected. The final model includes
the intercept only.

The information criterion is used to compare to
models. Models with smaller information criterion
values fit better.

Mo effects were selected. The final model includes

the intercept only.

Worse Better Worse Better

0.0% 0.0%

T
- T T T
o 25% S0% 75% 100% 0 25% 50% 75% 100%

Accuracy Accuracy

Fig. 9. Result Modeling Testing of Android Based Interactive Mobile Learning for Basic
Electronics Material on Class X.A and Class X.B

4.2  Percentage of carrying capacity of android-based interactive mobile
learning for the mastery of electronic component introductory materials
by vocational students

In the learning process using Android-Based Interactive Mobile Learning, students
are expected to have individual and group responsibilities. This is under the research
products conducted by [14] on the mobile interactive aspects. The role of media in
learning activities has eased the teacher's task in delivering academic content. A
currently used educational media is the computer-based learning application.
According to [15], this education technology consists of software and hardware. The
role of educational media is considered capable of assisting teachers in improving the
quality of learning. For example, the implementation of an Android-based interactive
learning model is the development of mobile education tends to be carried out
anywhere and at any time. This is in accordance with [16] which stated the reasons
M-Learning is referred to the use of mobile information technology (IT) devices, such
as PDAs, cell phones, laptops, and tablet PCs, in teaching. Therefore, it is part of
electronic and distance learning.

The developed Android-based interactive mobile learning was intended to be able
to optimize students[17], stated that the mobile learning technique is increasingly
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popular and acts as a good instructional medium. There are several media provided by
the school, namely:

a) Print media in the form of textbooks, modules, worksheets
b) Visual images, photos, PowerPoint slides
c) Audio and video visual, PowerPoint slides with speakers

The results from observations and surveys showed that the majority of the students
in grade X in the department of Industrial Electronics possess android smartphones.
Additionally, expert review of learning material reported that it is appropriate to
increase student motivation to learn. This discovery is supported by researches
conducted by [18], on the effect of mobile learning in increasing students’ Analysis
and synthesis outcomes. Furthermore, this is also following [19], which stated that
instructional material content, either written, mediated, or facilitated by an instructor,
also includes information that serves as a learning objective and a guide for learners to
achieve success.

According to [20], the content of teaching materials, which is facilitated by the
instructor to achieve certain goals, is either in written or printed form. However,
several assessments on these materials have been conducted by experts, namely:

a) The suitability of the material with learning objectives

b) The suitability of material images

c) The suitability with material specifications

d) The systematic material presentation

e) Readability of the material

f) The accuracy of the test exercise with key answers

g) Accuracy of grammar used in the delivery of the material

h) Accuracy in using basic spelling, punctuation, and electronic symbols during the
presentation

i) Clarity of instructions given for the ease of material exploration

j) Completeness of the help menu presented in the learning media

Based on the assessment by experts concerning the feasibility of the material, the
results from the data before the revision showed a quality of 55%. Meanwhile, 75%
feasibility was required, therefore, the material contents were provided for expert
validation. After the first revision, the results were re-checked from the revised
material, and 87.5% was obtained, therefore, the contents of the material were
feasible. Furthermore, the results from the teacher provided input scopes with a first
percentage of 65. However, it was revised following the standards or the competency
of the basic curriculum and a percentage of 85. Therefore, the teaching material using
android-based interactive mobile learning media is feasible for students [21]. This
research is based on the studies conducted by[22], which stated that mobile
application needs to be interactive, attractive and easy to use for most of the targeted
population because the majority of the people do not intend spending time learning
the application.
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Furthermore, the results from the review conducted by media experts showed that
three stages participate in the development process, namely initial product, main and
operational field revisions. This is in accordance with the study carried out by [23]
which stated that the media can conduct the following:

a) Capture, store and display an object or event
b) Re-display the object or event in various ways-based requirements
c) Display an object or event meaningfully.

The quality of data during the initial revision or improvement of the product
obtained was 43%, which is not feasible for learning. Subsequently, the researchers
conducted another revision, and 65% was obtained, however, the results were not yet
suitable for use and were revised. The results from the various stages of the research
obtained a percentage of 91.6, which is feasible and smart criteria. Therefore, this
model needs to be used as a learning material. As reported by[24] on Smart Digital for
Mobile Communication for the learning process.

4.3  The effects of android-based interactive mobile learning applications on
the students’ analysis and synthesis abilities

The effect of the Android Based Interactive Mobile Learning Application model
was determined through a testing process by using the statistical regression analysis.
This model was used because the experimental process as part of the development
research was carried out twice in classes X.A and X.B. The analysis and synthesis
abilities of the students in this research tend to increase due to the use of android-
based interactive mobile learning [25]. It was stated in the data that an average score
of 52 was obtained before using android-based interactive mobile learning. However,
these results did not attain the standard with an improvement in the students' abilities
and an average score of 87.17 obtained after the implementation. This discovery is
supported by [26] which stated that the use of android learning can provide effective
academic achievement.

The students’ abilities of analysis and synthesis serve to differentiate parts, identify
elements, reintegrate, and perceive a system from different points of view. During this
research, it was discovered that students can focus their thinking in series, which
consist of numerous components, how they function, their influence on the circuit,
and the consequences assuming they do not need functional effectively. The students
tend to focus on the problem and then try to discover conical and precise solutions.
These findings support the studies conducted by [27], on the cognitive and academic
benefits of a meta cognitive-analysis.

Furthermore, electronic components involve sure students' ideas, such as
identifying the value and characteristics of these components, comparing it with one
another. Other discoveries showed students the ability to analyze several basic
electronic components as a part of the whole circuit. This supports the results of the
study conducted by [28], which stated that cognitive flexibility and working memory
are correlated.
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Based on the findings from this research, the analytical and synthesis ability of
vocational students are included in the category of cognitive flexibility in learning
completeness, as formulated by [29] in their research on the effectiveness of
cognitive-behavior therapy and flexibility in a perfectionist. Following the data, it was
previously stated that almost 99% of students had not yet completed their learning,
however, the highest score was only 75. Furthermore, after the implementation of
android-based interactive mobile learning, the highest score obtained was 80, while
the students’ analytical and synthesis abilities increased by 36% with an average value
of 80.

This discovery showed that students experience a strengthening of their cognitive
ability due to the functional structure, which was obtained while learning with
android-based interactive mobile learning. This is in accordance with [30] research on
cognitive structure. It is also observed in how students link (synthesize) any problem
encountered with the desired ideal condition. The cognitive level synthesized was
reported in the research conducted by [31], which stated that the strengthening of this
ability tends to be the intervention that is currently practiced. Students combine
theories that emphasize the functioning of a series of electronic components with
functional theories concerning their respective work system. This discovery is easy to
implement using the learning model from the study conducted by[32], which stated
that relatively simple general taxonomy aids practitioners, consumers, and
professionals to precisely evaluate and improve models, methodologies and results.

The final results from this study showed that students can predict which
components are interconnected, or vice versa. This discovery is stated in the research
conducted by[33] concerning cognitive development on the aspects of analysis and
synthesis, which are marked by a significant increase with an average gain of 35 and a
percentage of 26.7. Following these results, android-based interactive mobile learning
can improve students' cognitive abilities in the aspects of analysis and synthesis of
basic electronic components learning materials. This discovery is following [33],
regarding cognitive software engineering, a research framework, and roadmap.

After a regression test of experiment-01 and experiment-02 in class X.A. showed
an increase in the ability of analysis and synthesis when learning to use android-based
interactive mobile learning applications. The test results are as follows:

Tablel. ANOVA

Model Sum of Squares df Mean Square F Sig.
Regression 6.54 1 6.54 0.579 454°
1 Residual 259.7 23 11.291
Total 266.24 24

a. Dependent Variable: X.An Exp02-Analysis-Synthesis
b. Predictors: (Constant), X.An Exp01-Analysis-Synthesis
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Table 2. Coefficients

Model Unstandardized Coefficients Sé%g?f?giﬁfg ¢ Sig.
B Std. Error Beta
1 (Constant) 76.444 9.27 8.247 0
X.An Exp01-Analysis-Synthesis 0.104 0.137 0.157 0.761 | 0.454

a. Dependent Variable: X.An Exp02-Analysis-Synthesis

Whereas in class X.B results in increased analysis-synthesis ability as shown in the
following table. From the results of the SPSS output a simple linear equation can be

formulated as follows. ¥ = 76.44 +0.104x

After a regression test of experiment-01 and experiment-02 in class, X.B showed
an increase in the ability of analysis and synthesis when learning to use android-based
interactive mobile learning applications. The test results are as follows:

Table3. ANOVA

Model Sum of Squares df Mean Square F Sig.
Regression 47.178 1 47.178 8.01 .009°
1 Residual 135.462 23 5.89
Total 182.64 24

a. Dependent Variable: X.B Exp02-Analysis-Synthesis
b. Predictors: (Constant), X.B Exp01-Analysis-Synthesis

Table 4. Coefficients

Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta
1 (Constant) 60.982 6.695 9.109 0
X.B Exp01-Analysis-Synthesis 0.28 0.099 0.508 2.83 0.009

a. Dependent Variable: X.B Exp02-Analysis-Synthesis
From the results of the SPSS output, a simple linear equation can be formulated as

follows Y = 60.982 +0.280X The regression line equation can be used to predict the
increasing Analysis and Synthesis ability of vocational high school students in basic
electronics subjects, influenced by the use of Android-Based Interactive Mobile
Learning Applications.

5 Conclusion

In conclusion, Android-Based Interactive Mobile Learning has succeeded in
creating the following new and effective strategies for students to learn. Design,
Development, and Testing of Android Based Interactive Mobile Learning for Basic
Electronics Materials with Subjects of Analysis and Synthesis have been tested using
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a statistics model summary that shows the similarity of the quality of the models both
tested in class X. A and X.B.

Android-based Interactive Mobile Learning was developed in the form of mobile
smartphones using Adobe Flash CS 5.5 application through the stages of limited and
operational testing, which is proven to increase students’ understanding. The findings
of limited and operational testing in class X. A and X.B showed a significant
improvement from the initial and final tests both analytical and synthesis ability. The
study also showed a significant increase in the learning outcome percentages in
classes X.A and X.B.

Furthermore, the results of the effect test using linear regression statistics showed
that the use of Android-based Interactive Mobile Learning in the form of mobile
smartphones predicts students' analytical and synthesis ability on basic electronic
components. Therefore, the findings of this new product succeeded in creating new
and effective ways for students to learn. This conclusion is following the research
findings from [1], that students through their involvement seem to have understood
the basic concepts of programming and technology as they engaged in practical work
in an interdisciplinary authentic environment.

The study is limited to the application of basic electronic subject matter; therefore,
the application of different subjects is needed for broader analysis.
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