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Android-Based Courseware as an Educational Technology
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Abstract—This study investigates the effectiveness of
Android-Based Courseware (AC) in teaching electrical circuits
to vocational students in higher education. The courseware was
developed using Android Studio and was implemented in the
Electrical Circuit Course (ECC) at the Industrial Electrical
Engineering study program, Universitas Negeri Padang,
Indonesia. The AC consists of four primary menus designed to
facilitate learning implementation: learning materials,
simulations, animations, and interactive quizzes for evaluations.
The study utilized a pre-experimental design with a one-group
pre-test-post-test design involving a group of students who used
the AC in the learning process. The cluster random sampling
technique was employed to select the research subjects. This
study involved 68 students as research subjects. Data was
collected through a written test, utilizing a multiple-choice test
as the research instrument. The effectiveness of the AC was
evaluated based on the differential analysis of pre-test and
post-test scores using the paired-sample t-test. Furthermore, the
effect size of the AC on the learning process was determined
using Cohen’s d effect size analysis. The results showed a
significant difference (alpha significance value is 0.000 and less
than 0.05) between the post-test and pre-test scores, with the
post-test scores (x = 85.00) being higher than the pre-test scores
(x = 60.00). This indicates that the courseware effectively
improves the learning process of the ECC. Additionally, the
effect size analysis results show that the effect of using the
courseware falls within the large category. These findings
suggest that the AC can be an effective tool in the learning
process of the ECC and can improve student learning outcomes.
Specifically, the AC has a significant impact on enhancing
students’ cognitive and practical abilities concerning electrical
circuit concepts.

Index Terms—Android-based courseware, electrical circuit
course, effectiveness analysis, vocational students

. INTRODUCTION

Electrical Circuit Course (ECC) is one of the subjects that
vocational education students in the study program of
industrial electrical engineering are required to study. This

Manuscript received June 6, 2023; revised July 5, 2023; accepted July 27,
2023.

Doni Tri Putra Yanto and Fivia Eliza are with the Electrical Engineering
Department, Faculty of Engineering, Universitas Negeri Padang, Sumatera
Barat, Indonesia; and with Electrical Power Engineering Research Group
(EPERG), Universitas Negeri Padang, Sumatera Barat, Indonesia.

Ganefri, Sukardi, and Hastuti are with the Electrical Engineering
Department, Faculty of Engineering, Universitas Negeri Padang, Sumatera
Barat, Indonesia.

Maryatun Kabatiah was with the Civic Education Study Program, Faculty
of Social Science, Universitas Negeri Medan, Sumatera Utara, Indonesia.

Andrian was with the Technical and VVocational Education Study Program,
Faculty of Engineering, Universitas Negeri Padang, Sumatera Barat,
Indonesia.

*Correspondence: donitriputra@ft.unp.ac.id (D.T.P.Y.)

doi: 10.18178/ijiet.2023.13.12.1996

course is a fundamental course that plays a dominant role in
supporting other advanced courses. A good command of the
basic concepts of electric circuits in the ECC will assist
students in comprehending more complex material in other
advanced courses. In this course, students learn about basic
concepts such as resistance, capacitance, inductance, electric
current, and electric voltage. This ECC is crucial as the
concepts learned are highly relevant to work or industrial
needs. Hence, the course must be prepared and conducted
optimally to achieve its objectives.

The ECC revealed some problems, which include: (1)
Accessibility  limitations:  students have difficulty
comprehending the latest electrical circuit concepts because
they lack access to laboratories or adequate practical
equipment for the latest and industry-relevant electrical
circuit technology [1, 2]; (2) Interaction limitations: students
face difficulty interacting with lecturers or instructors during
the learning process due to a large number of students in one
class, which prevents the lecturer from responding to specific
questions in full [3]; (3) Limited availability of place and
time: the available learning media has been insufficient in
overcoming the problems of limited space and time, whereas
the electrical circuit material is complex and requires
comprehensive understanding [4, 5]; (4) Unavailability of
learning media that can facilitate distance learning, which is
increasingly popular after the COVID-19 pandemic, and the
demands of 21st-century learning that require flexibility.
These problems have resulted in the sub-optimal learning
process in the ECC and low student learning outcomes [1, 3].

Previous research [1, 5] have demonstrated that interactive
learning models such as problem-based learning, inquiry
learning, and project-based learning can address learning
challenges. Moreover, selecting and utilizing appropriate
learning media play a vital role in tackling learning
difficulties [6-8]. An interactive learning medium, presented
as an Android application, is an innovative learning approach
chosen to resolve learning problems in ECC. This is
supported by the increasing popularity of Android or
smartphone users in everyday life, which makes
mobile-based learning increasingly popular [9-11]. AC can
overcome the problem of the complexity of learning material
because it does not have space and time limitations. Students
can learn anywhere and anytime independently, apart from
guided learning in class [9, 12]. This results in a more optimal
learning process, in line with the characteristics and needs of
each individual in the learning process.

The AC as an innovative way of ECC must undergo an
effectiveness test. This test is carried out to ensure that the
AC is feasible and effective in the learning process to solve
problems optimally [13, 14]. Previous studies have focused
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on testing the effectiveness of research products before they
are implemented and used according to their intended
function [9, 13]. The results demonstrate that the research
product obtained is effective for implementation in a
real-world setting, aligning with the objectives of product
development. Effectiveness serves as a crucial determinant of
the quality of research products. However, research on the
effectiveness of recently developed learning applications,
specifically in the context of the ECC within vocational
education, remains limited. Moreover, there is a lack of
studies evaluating the effectiveness of learning media and
analyzing the extent of their impact on students’ learning
outcomes. It is crucial to assess the effectiveness of
developed learning media before their optimal
implementation in the learning process. Therefore,
conducting an effectiveness analysis test for developed
learning media is essential to evaluate its efficacy in
enhancing students’ understanding and learning achievement
within the learning process [13, 15]. The results of the test
can be used to enhance the quality of the learning media used
in vocational education. Therefore, this research aims to
answer the following questions: (1) Is the AC effectively
used as a learning medium in the ECC at vocational
education for industrial electrical engineering? and (2) To
what extent does the AC affect the learning process in the
ECC in industrial electrical engineering vocational
education?

The general objective of this study is to investigate and
determine the effectiveness of AC as a learning medium in
ECC in increasing students’ understanding and learning
achievement in vocational education. The specific objectives
of this study are: (1) To analyze the effectiveness of AC as a
learning medium in the context of Electrical Circuit Concepts
(ECC) within industrial electrical engineering vocational
education; (2) To assess the impact of AC on the learning
process in the context of Electrical Circuit Concepts (ECC)
within industrial electrical engineering vocational education.
This research contributes to (1) providing useful information
for the development of more effective the AC for the ECC in
vocational education, (2) offering references for teachers and
curriculum developers in vocational education to improve the
quality of the learning process in the ECC, (3) enhancing the
quality of vocational education in the study program of
electric power engineering by optimizing the use of the AC in
the ECC, and (4) providing references for future researchers
who wish to conduct similar research on the development of
android-based learning media to optimize the learning
process.

The research results also offer several benefits, including
(1) Enhancing students’ understanding and achievement in
ECC: For instance, by utilizing AC as a learning medium,
students can enhance their comprehension of electrical
concepts and develop practical skills related to the subject
matter; (2) Improving the quality of the teaching process in
ECC: The use of AC as an interactive and engaging teaching
aid can foster greater student engagement and interest in the
learning process; (3) Enriching the range of effective
learning media options for ECC: For example, the inclusion
of interactive simulations and animations in AC facilitates a
better visualization of complex concepts, making them more

accessible and comprehensible for students; (4) Enhancing
the effectiveness of technology utilization in vocational
education: Through the implementation of AC as an
Android-based learning medium, students can cultivate their
technological skills within the context of vocational
education; (5) Providing a reference for developers of
Android-based learning media in vocational education to
enhance the quality of learning materials: The findings of this
study serve as a valuable reference for developers, offering
insights on how to optimize the utilization of AC to improve
learning media; (6) Offering guidance for educational
institutions and vocational education teachers to develop
more effective learning media tailored to students’ needs:
This study provides educators and institutions with a
framework for developing learning media that aligns with
students’ characteristics and requirements within the
vocational education setting.

Il. LITERATURE REVIEW

A. Android-Based Courseware

The Android-based Courseware (AC) is a learning
program or application developed based on the Android
operating system, which can be used as an interactive and
effective  learning medium in an  educational
environment [9, 16]. This application offers comprehensive
features, such as learning materials, video tutorials, audio,
interactive quizzes, and others, which can help students
understand the subject matter more easily and
enjoyably [1, 17]. The AC can be accessed by students via
their smartphones or tablet devices. Students can study
anytime and anywhere, without being tied to a specific time
and location as in traditional learning. This provides students
with greater flexibility in studying the subject matter.

The AC has several advantages as a learning medium,
including (1) Flexibility, as it can be accessed and used
anytime and anywhere using a smartphone or tablet device
that is portable; (2) Interactivity and multimedia, as it has
multimedia features such as audios, videos, animations,
motion graphic, and images, which can enrich the learning
experience, interest, motivation, and make it more interesting;
(3) Immediate feedback, as it can provide direct and
automatic feedback on students’ answers in interactive
quizzes, allowing them to immediately identify their
strengths and weaknesses in understanding the subject matter;
and (4) Integration with technology, as it can be integrated
with other high technologies such as virtual reality,
animations, and augmented reality to enhance the
effectiveness and efficiency of learning [2, 9, 11, 18, 19].

However, the AC also has some drawbacks if not
implemented optimally, including (1) Limitations of social
interaction, as the use of the AC may reduce social
interaction between students and lecturers, which can affect
the formation of social relations in the educational
environment; (2) Limited resources, as the use of the AC
requires a smartphone or tablet device, which may not be
available to all students; and (3) Limited technical support, as
some students may face difficulties in using android-based
learning applications, requiring complete technical support
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[9, 12, 16]. Overall, these limitations have the potential to
diminish the effectiveness of AC in the learning process.
Reduced social interaction can hinder the development of
essential interpersonal and collaborative skills. Limited
resources can create disparities among students, hindering
their access and engagement with AC. Additionally,
insufficient technical support may impede students’ ability to
navigate and utilize AC effectively.

B. Educational Technology Innovation

Educational Technology Innovation refers to the
development and implementation of technology aimed at
enhancing the effectiveness of learning and teaching
processes [2, 9]. By leveraging diverse digital devices,
applications, and platforms, educational technology
innovations offer a range of interactive, adaptive, and
globally connected learning approaches. This innovation
empowers educators to design more engaging learning
experiences, facilitate broader access to education, and assist
students in acquiring skills that are pertinent to the current
era [10, 16]. Employing a creative and up-to-date approach,
educational technology innovation effectively tackles
learning challenges, fosters creativity, and equips students to
confront progressively intricate future demands.

C. Electrical Circuit Course

Electrical Circuit Course (EEC) is a crucial subject for
students pursuing vocational education in the study program
of electrical power engineering [20]. This course is a
fundamental course that plays a dominant role in supporting
other advanced courses. A good command of the basic
concepts of electric circuits in the ECC will assist students in
comprehending more complex material in other advanced
courses [21, 22]. The course covers fundamental concepts of
electric  circuits, including resistance, capacitance,
inductance, electric current, and voltage [23, 24]. Students
also learn about different types of electrical circuits, such as
series, parallel, and mixed circuits, and techniques for
analyzing them. In lectures, students engage in practical
activities to apply their knowledge of electrical circuits in
measurement and analysis [4, 23]. They also participate in
projects that require them to apply electrical circuit concepts
to design efficient and reliable electric power systems. This
course is vital for vocational education students in the study
program of industrial electrical engineering as the concepts
studied are highly relevant to the demands of the industrial
sector.

D. Effectiveness Study

The effectiveness test analysis for learning media is an
evaluation process conducted to determine the extent to
which learning media can assist students understand and
master the course matter. This effectiveness test is usually
carried out by comparing the learning outcomes of students
who use learning media with a control group that does not use
learning media or by comparing student learning outcomes
before and after using learning media [2, 13, 25]. The
importance of analyzing the effectiveness test of the
developed learning media is to ensure that the learning media
used are effective in helping students understand and master
the subject matter [1, 9, 26]. Through this evaluation process,

we can determine whether the developed learning media can
improve student learning outcomes or not. If the yields of the
effectiveness test analysis indicate that the learning media
developed are not effective, we can improve them or look for
other more effective alternatives. Additionally, the analysis
of the effectiveness test can help developers of learning
media to optimize the use of technology and multimedia
features in learning media, which can lead to better and more
effective learning media in the future [14, 26-28].

The results of the literature review demonstrate that AC, as
an Android-based learning medium, holds the potential to
enhance students’ comprehension and achievement in ECC.
With features like time and place flexibility, interactivity,
direct feedback, and integration with technology, AC can
effectively increase student engagement, interest, learning
outcomes, and enrich overall learning experiences. The
literature review also acknowledges the significance of
developing educational technology innovations, such as AC,
as a crucial step toward enhancing the effectiveness of the
learning process. Moreover, the literature review highlights
the importance of ECC as a significant subject for vocational
education students, playing a dominant role in preparing
them to meet the demands of the industrial sector. In light of
this, the present study aims to analyze the effectiveness of
AC as a learning medium in ECC, assessing its impact on
improving student understanding and learning outcomes, as
well as examining its influence on the overall learning
process.

I1l. METHOD

A. Research Design

The experimental study using a pre-experimental design is
used in this research, specifically the one-group pre-test
post-test design [29]. The pre-test is conducted before the
application of the research activities to assess students’ initial
abilities (O;) before being exposed to the research
intervention. The research intervention implemented in this
study is the use of the AC as a learning medium for the
electric circuits learning process (X). The post-test is
administered after the application of the research intervention
to evaluate students’ final abilities (O,) in understanding
electric circuits using the AC as a learning medium.

B. Research Instruments

The research utilized a multiple-choice test as the research
instrument  for both pre-test and post-test
assessments [26, 30]. The multiple-choice tests were
self-developed based on Basic Competencies (BC) and
Competency Achievement Indicators (CAl) of the ECC for
vocational students as presented in Table I. The research
instrument underwent validity, reliability, difficulty index,
and discriminatory power analyses. Validity was analyzed
using the Pearson Product Moment Correlation analysis,
reliability was determined using Cronbach’s Alpha reliability
analysis, the difficulty index was analyzed using the
difficulty index formula, and the discriminatory power was
analyzed using discriminating power analysis through
multiple choice questions [2, 26]. The results of the validity
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analysis showed that the r-count value for all indicators was
greater than the r-table (> 0.361), indicating the validity of all
indicators in the research instrument. Cronbach’s alpha
analysis resulted in a value of 0.815, indicating that the
research instrument is considered reliable since the value of
Cronbach’s alpha is greater than 0.60 (0.815 > 0.600). The
difficulty index analysis shows that the difficulty index is
0.67 (in the moderate category). The discriminating power
analysis showed that the discriminating power index of the
research instrument tested was 0.71 (in the very good
category). The final research instrument which consisted of
20 multiple-choice questions was then utilized to measure
and investigate the level of cognitive understanding of
students before (pre-test) and after (post-test) the learning
process of electric circuits using the AC as a learning
medium.

TABLE I: BAsIC COMPETENCIES (BC) AND COMPETENCY ACHIEVEMENT
INDICATOR (CAI) FOR RESEARCH INSTRUMENT

Competency Achievement Item

Basic Competencies Indicators Number

CAI.L. The students should be
able to define, analyze,
and  explain  the
meanings of
resistance, resistor,
and resistive in
electrical circuits.

1,234

CAL.2. The students should be
able to define, analyze,
and  explain  the
concept of Ohm’s law
in electrical circuits.

5,6,7,8

BC.1. The students should be CAIl3. The studen_ts should be
able to define, analyze,

able to define, analyze, !
! and  explain  the
and  explain  the ; R
- concept of Kirchhoff’s
concepts of resistance, .
- L current law in
resistors, and resistive . e
X . - electrical circuits.
materials in electrical

9,10,11,12

circuits CALl.4. The students should be

able to define, analyze,
and  explain  the
concept of Kirchhoff’s
voltage law in
electrical circuits.

13,14,15,16

CAL5. The students should be
able to define, analyze,
and explain the types
of resistor circuits,
including series,
parallel, and
series-parallel, in
electrical circuits.

17,18,19,20

C. Research Subject

This study involved a group of 68 vocational students who
participated in the learning process of the ECC from the
Industrial Electrical Engineering study program in the
Electrical Engineering Department, Faculty of Engineering at
Universitas Negeri Padang, Sumatera Barat, Indonesia. The
research subjects were determined using cluster random
sampling. All of these students participated in this research as
the experimental group and followed the research procedures
according to the research design, which included a pre-test,

action research, and post-test.

D. Technique of Data Analysis

The data collected in this research pertains to the cognitive
domain of student learning outcomes. The research data is
categorized into pre-test and post-test data. Before
conducting an effectiveness analysis, normality tests were
carried out using the Kolmogorov-Smirnov Z normality
analysis on the pre-test and post-test data [2, 30].

The effectiveness of the AC as a learning medium for the
ECC was evaluated using two analytical techniques:
(1) Paired Sample t-test Analysis, this analysis was utilized to
determine the significant difference between the pre-test and
post-test data; (2) Cohen’s d effect size analysis, this analysis
formula was conducted to assess the effectiveness of the AC
as a learning medium for the ECC [26, 30]. All data analyses
were performed using the Statistical Program for Social
Science (SPSS) data analysis application.

The value of effect size obtained from Cohen’s d effect
Size analysis is interpreted using the effect size criteria table
presented in Table Il [2, 30]. This interpretation is conducted
to determine the effect category of the given research action,
which is the learning process of electric circuits using the AC
as a learning medium. Based on the interpretation results, the
level of effectiveness of the AC as a learning medium can be
determined. The research utilized a multiple-choice test as
the research instrument for both pre-test and post-test
assessments [26, 31].

TABLE Il: EFFECT SIZE CRITERIA

No. d Value Categories
1 0.8<d<2.0 Big Categorize
2 05<d<0.8 Medium Categorize
3 02<d<05 Small Categorize
IV. RESULTS

The AC is a learning application developed for Android
operating systems, which serves as an interactive and
effective  learning  medium in  an  educational
environment [9, 16]. This application provides a range of
features such as learning materials, video tutorials, audio,
interactive quizzes, and more, which can help students
comprehend subject matter more easily and enjoyably [1, 9].
The AC can be accessed by students via their smartphones or
tablet devices, providing them the flexibility to study anytime
and anywhere without being bound to a particular time or
location, as in traditional learning. In this way, it provides
students with more flexibility in studying the subject matter.
For the ECC in this study, an AC was developed using
Android Studio, and the output file was in the form of an
Android Package Kit (.APK) to facilitate the installation
process on Android devices for each student. The AC has
undergone a validation process conducted by experts. The
results of validation and analysis using Aiken’s V indicate
that AC has been confirmed as valid across various aspects,
including subject matter (V = 0.793), learning media (V =
0.690), language (V = 0.771), and technicality (V = 0.709).
Some of the display features and menus on the AC developed
and used in this study are presented in Fig. 1.
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Fig. 1. The display features and menus on the AC: (a) main menu, (b)
learning material, (c) simulation and animation, and (d) evaluation.

A. Research Data

The data of this research is quantitative data obtained from
the yields of students’ cognitive ability tests using research
instruments in the form of multiple-choice tests. By the
research design, data collection using research instruments
was conducted twice, namely before (pre-test) and after
(post-test) the implementation of learning in the ECC using
the AC as a learning medium. The pre-test and post-test data
are used as a reference for analyzing the effectiveness of the
AC as a learning medium in the ECC for vocational students.

1) Pre-test data

The pre-test is an initial test given to students to assess
their basic abilities before receiving research action in the
form of a learning process that uses the AC as a learning
medium in the ECC. Pre-test data were obtained through test
results on students using research instruments in the form of
multiple-choice tests given to all students who were research

Crested By Doni TriPutra fanta

subjects. Pre-test data is needed to carry out data analysis to
determine the effectiveness of implementing AC as a
learning medium. The results of the pre-test data analysis
showed that the minimum score of students’ cognitive
learning outcomes before using the AC as a learning medium
was 45, and the maximum score was 75, with an average
score of 60 for 68 students and a standard deviation of 7.813.
The pre-test data normality test was carried out first to ensure
that the data was normally distributed before it could be used
for effectiveness analysis using effect size analysis and
paired-sample t-test analysis. The results of the pre-test data
normality analysis are presented in Table Ill. The results of
the normality test analysis on the pre-test data presented in
Table Il indicate a significance value of 0.713, which is
higher than the alpha value of 0.05. Therefore, it can be
concluded that the pre-test data follows a normal distribution
(o = 0.713 > 0.05). As a result, the pre-test data can be
utilized for further analysis, namely the evaluation of the
effectiveness of the AC as a learning medium in ECC. The
frequency histogram of the pre-test data, accompanied by a
normal curve, is depicted in Fig. 2.

TABLE I1l: NORMALITY TEST ANALYSIS OF PRE-TEST DATA
Pre-test Score

N 68
ab Mean 60.00
Normal Parameters Standard Deviation 7.813
. Absolute 0.100
Most Extr. Differ. Positive (+) 0.063
Negative (-) —0.100
Kolm.-Smir. Z 0.516
Asymp. Significance (2-tailed) 0.713
Note: a. Test distribution is Normal.
b. Calculated from data.
Pre-Test Score
204
N
154
% 10
s
/ \

o T T T T
40 50 &0 70 80
Pre-Test Score

Fig. 2. The frequency histogram of the pre-test data, accompanied by a
normal curve.

2) Post-test data

The post-test is a final assessment of students’ cognitive
learning outcomes after completing research activities in the
form of an electric circuit learning process that utilizes the
AC as a learning medium. The post-test data was obtained
through the test results of each student using a research
instrument in the form of multiple-choice tests. This post-test
data complements the pre-test data used to analyze the
effectiveness of using the AC as a learning medium in the
ECC. The yields of the post-test data analysis showed that the
minimum score for student learning outcomes after using the
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AC was 60 and the maximum score was 95. The average
score of the 68 students was 85 with a standard deviation of
5.117. A normality test was carried out on the post-test data
as a prerequisite for analysis before it could be used for
effectiveness analysis using effect size analysis and
paired-sample t-test analysis. The results of the post-test data
normality test are presented in Table IV. The normality test
analysis results for the post-test data in Table IV reveal a
significance value of 0.815, which is greater than the
standard alpha value of 0.05. Therefore, it can be concluded
that the post-test data follows a normal distribution (o =
0.815 > 0.05). Consequently, the post-test data can be used
for further analysis, specifically an assessment of the
effectiveness of utilizing the AC as a learning medium in the
ECC. The frequency histogram of the post-test data,
accompanied by a normal curve, is depicted in Fig. 3.

TABLE IV: NORMALITY TEST ANALYSIS OF POST-TEST DATA
Post-test Score

N 68
ab Mean 85.00
Normal Parameters Standard Deviation 5.117
. Absolute 0.135
Most Extr. Differ. Positive () 0.069
Negative (-) —-0.130
Kolm.-Smir. Z 0.912
Asymp. Significance (2-tailed) 0.815

Note: a. Test distribution is Normal.
b. Calculated from data.

Post-Test Score

20

N

Frequency

o T T T T T T
=0 &0 70 a0 a0 100
Post-Test Score

Fig. 3. The frequency histogram of the post-test data, accompanied by a
normal curve.

B. Effectiveness Analysis of the AC

The effectiveness of using the AC as a learning medium in
vocational education for ECC was evaluated through a
paired-sample t-test analysis. This analysis aimed to
determine and investigate significant differences in students’
cognitive abilities before and after participating in the
learning process using the AC. The results of the
paired-sample t-test analysis in Table V indicate that the
t-count value (6.567) is greater than the t-table value (1.684),
and the alpha significance value (0.000) is less than 0.05.
Therefore, it can be concluded that there is a significant
difference between students’ learning outcomes in the
pre-test and post-test, where the post-test students’ cognitive
learning outcomes are better than the pre-test students. This is
supported by the fact that the post-test students’ average
cognitive score (85) is higher than the pre-test average (60).

Thus, it can be concluded that the AC is an effective learning
medium in the learning process in the ECC for vocational
students.

TABLE V: THE RESULTS OF THE PAIRED SAMPLE T-TEST ANALYSIS

Paired Differences

Sig.
Std. Std. Error t :
2-tailed
Mean Deviation Mean
Posttest 6.56
score—Pretest 24 9.78 1.323 7' 0.000

score

The effectiveness of using the AC as a learning medium in
the ECC in vocational education was also evaluated through
Cohen’s d effect size analysis to measure the effect size. The
analysis of the effect size between the pre-test and post-test
data resulted in an effective index value of 1.77 (d = 1.77).
According to the effect size criteria table, this effect size is
considered to have a big category of influence. Thus, based
on the result of the effect size analysis and the effect size
category, it can be concluded that the AC is an effective
learning medium for use in the learning process in the ECC
for vocational students, with a big effect size. Therefore,
using the AC in the learning process can be an option for
implementing effective learning in vocational education,
especially in the ECC.

However, the research findings also reveal some of the
weaknesses of Android-based learning media based on
students’ opinions as users. Firstly, the limited screen size of
Android devices can impede the presentation of complex or
detailed content, which may harm students’ understanding
and engagement. Additionally, the wide range of Android
device models and versions available in the market may
result in compatibility issues, making it challenging for
developers to ensure a seamless user experience across
multiple devices. Lastly, the potential for distraction caused
by other applications and notifications on Android devices
can divert learners’ attention away from educational content,
leading to reduced focus and diminished learning outcomes.
These findings underscore the significance of considering
and overcoming these limitations when employing
Android-based learning media to optimize the effectiveness
of educational interventions.

V. DIsSCUSSION

The AC incorporates various features and functions
designed to enhance the learning experience and engage
students in the context of the ECC. Firstly, the AC provides a
menu that displays fundamental competencies, competency
achievement indicators, and learning objectives. These serve
as references for students before engaging in learning
activities. Secondly, the AC grants access to comprehensive
and well-structured learning materials presented in electronic
format. These materials encompass textual content, images,
and diagrams, facilitating comprehension of intricate
concepts. Thirdly, the AC is equipped with simulation and
animation features that enrich students’ learning experiences.
The simulation feature enables students to practically apply
the learned concepts through virtual experiences. For
instance, in the field of electrical circuits, the AC offers
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interactive simulations for students to virtually analyze and
simulate electrical circuits. Furthermore, the animation
feature in AC provides dynamic and visually appealing
representations of abstract concepts. Through animated
visuals, students can visualize complex processes and grasp
difficult-to-understand concepts more effectively. Lastly, the
AC includes interactive quizzes that actively involve students
in the learning process. These quizzes allow students to
assess their understanding and receive immediate feedback.
By engaging in quizzes, students can monitor their learning
progress, identify areas for improvement, and enhance their
overall engagement in the learning process.

Compared to traditional learning media, the AC offers
several unique and innovative aspects. Its flexibility and
accessibility enable students to study anytime and anywhere.
In traditional learning, students are confined to specific times
and locations. However, with the AC, students can access
learning materials through their devices, such as smartphones
or tablets, providing them with the flexibility to choose when
and where to study. This allows students to learn at their own
pace, fostering greater engagement and independence in the
learning process.

Furthermore, the AC incorporates interactive features such
as simulations and evaluations, including quizzes, which
actively involve students in the learning process. Students are
not merely passive recipients of information, they are
prompted to think, analyze, and apply the concepts they have
learned. This interactive approach enhances student
engagement and reinforces their understanding through more
dynamic and participatory learning experiences.

The findings of this study indicate that the utilization of the
AC as an effective learning medium significantly enhances
students’ cognitive abilities. The results of the paired t-test
analysis revealed a notable difference between students’
cognitive abilities before and after utilizing the AC. This
demonstrates that the AC has a positive impact on enhancing
comprehension and mastery of the subject matter. Improving
cognitive abilities is crucial for enhancing overall student
learning outcomes. By improving their understanding and
mastery of the material, students gain better proficiency in
connecting complex concepts and applying them in practical
scenarios. Consequently, the utilization of the AC as a
learning medium contributes significantly to helping students
achieve learning outcomes.

Additionally, the AC plays a vital role in fostering an
engaging and interactive learning environment. Through
features such as simulations, animations, interactive quizzes,
and comprehensive learning materials, the AC creates a
learning environment that encourages active student
engagement. This interactive learning environment offers
opportunities for students to deeply engage with the subject
matter and apply the concepts they are learning. In this
context, the AC as a learning medium delivers valuable
benefits in enhancing students’ cognitive understanding and
serves as a crucial foundation for the development of
effective, innovative, and adaptive vocational education.

This research consistently supports previous findings that
highlight the effectiveness of Android-based learning media
in enhancing comprehension and mastery of the subject
matter [2, 9, 10]. However, this research’s unique

contribution lies in developing customized AC tailored to the
curriculum, subject matter of electrical circuits, and the
specific needs and characteristics of students in ECC. With a
clear focus on the vocational education context, this research
provides additional evidence on the effectiveness of
Android-based learning media in specific educational
settings.

The study’s results also emphasize the positive impact of
utilizing the AC as a learning medium on students’ cognitive
abilities. This finding aligns with previous studies indicating
a significant difference in students’ cognitive abilities before
and after using Android-based learning media [3, 9, 32, 33].
However, this study makes a distinctive contribution by
employing Cohen’s D effect size analysis, revealing that the
use of the AC as a learning medium in the ECC yields large
effect sizes. This suggests that the utilization of the AC
significantly enhances students’ cognitive understanding in
the ECC, with a substantial impact.

Moreover, this study highlights the importance of
flexibility and accessibility in learning, which are achieved
through the utilization of the AC as a learning medium. This
finding aligns with previous studies exploring the advantages
of temporal and spatial flexibility in technology-based
learning [14, 16, 19, 34]. However, this research makes a
unique contribution by emphasizing the application of the
AC as a learning medium in vocational education
environments, specifically in the context of the ECC. In this
regard, the research provides empirical evidence of how the
use of the AC can enrich and expand students’ learning
experiences in the ECC by offering flexibility and
accessibility.

Furthermore, this study emphasizes the significance of
evaluating the effectiveness of instructional media in
vocational education. Its unique contribution lies in
combining paired t-test analysis and Cohen’s D effect size
analysis to evaluate the effectiveness of AC. By employing
these two methods, the study provides a deeper
understanding of the changes in students’ cognitive abilities
before and after utilizing the AC. The results of this study lay
a strong foundation for further development and
improvement of vocational learning approaches that focus on
Android-based learning media in the ECC.

VI. CONCLUSIONS

The AC is a learning program or application developed
based on Android, which can be used as an effective and
interactive learning medium in vocational education,
particularly in the ECC. It plays a significant role in
optimizing the implementation of learning, particularly in
supporting independent and flexible learning without any
time or space limitations. The results indicate that the
developed AC was an effective learning medium for the ECC,
where the effect size was in a large category. Its increased
students’ cognitive understanding of electrical circuit
concepts that were previously difficult to comprehend using
conventional media. Therefore, the AC can be considered as
a choice for implementing effective, innovative, and adaptive
learning with technological developments in vocational
education, particularly in the ECC. The research findings also
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highlight the weaknesses of Android-based learning media,
including limited screen size hindering content presentation,
compatibility issues due to various device models and
versions, and potential distractions from other applications
and notifications. Overcoming these limitations is crucial for
optimizing the effectiveness of educational interventions
using Android-based learning media.

The study was conducted solely on the ECC in vocational
education; therefore, the generalization of the research results
must be done with caution before being applied to different
courses or levels of education. Moreover, the effectiveness
test only examined students’ cognitive aspects, and further
research is required to investigate the effects of the AC on
students’ affective and psychomotor aspects. Furthermore,
the research was conducted with a limited number of
participants and was only conducted at one vocational
education institution. Therefore, broader research is
necessary to test the effectiveness of the AC on a wider
population. Based on these research limitations, future work
for this study includes (1) examining the effectiveness of the
AC in different subjects and at different levels of education,
(2) studying the effectiveness of the AC on students’
affective and psychomotor aspects, and (3) conducting more
extensive research to test the effectiveness of the AC in
different educational institutions and with a more extensive
population. Additionally, new features in the AC must be
continually developed to increase its effectiveness as a
learning medium in line with science and technology
developments.
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