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Abstract—The research aimed to develop Android-based teaching material
to improve the understanding of Software Engineering of Informatics Engineer-
ing students whose validity and effectiveness are measured. The method used in
this paper is Research and Development (R&D) with the Analysis, Design, De-
velopment, Implementation, and Evaluation (ADDIE) model which is used to
develop Android-based teaching material. The validity of teaching material prod-
uct has confirmed by media experts and material experts in their fields. The ef-
fectiveness of the product was measured through the post-test only control group
design with two groups of Informatics Engineering students in Higher Education
involving 57 people. Data collection was carried out through questionnaires and
tests, with descriptive analysis for the results of the validation of teaching mate-
rial and pilot tests and t-tests for testing the effectiveness of teaching material.
The results showed that Android-based teaching material is easy to use and has
video tutorial features and quiz menus that provide direct feedback to users, so
teaching material can be applied as a valid and effective learning media in in-
creasing student understanding of Software Engineering material which has
never been applied in the research location so far. Based on the results obtained,
further research can be carried out on a broader subject and pay attention to other
aspects such as increasing motivation and metacognitive students of Informatics
Engineering.
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1 Introduction

The important thing to prepare Information Engineering graduates in the 4.0 Indus-
trial Revolution era is the integration of technology in the realm of learning [1], [2]. In
developing countries, the integration of technology in learning becomes an aspect that
is considered to provide more effective learning [3], [4]. In the realm of learning, tech-
nology becomes one of the bases for developing learning materials ranging from the
application of learning technology to the integration of technology in teaching material
[5], [6]. Innovative technology-based teaching material is useful to facilitate the imple-
mentation of learning, which leads to the success of learning [7], [8]. Supported by the
results of previous studies, learning innovations such as teaching material that integrate
technology can improve student learning outcomes [9], [10].

Currently, Android device technology is on first ranks from mobile devices which
used by the public, especially devices owned by students [11], [12]. At the moment,
Android-based devices are not only used for telephone or chatting but also additional
functions like learning devices based on mobile learning [13]-[15]. This is in line with
one of UNESCO's missions to integrate ICT into learning [16], [17]. One form of inte-
gration can be in the kind of learning innovations using Android-based devices.

However, Informatics Engineering teaching material, especially Software Engineer-
ing materials, are generally still in the form of conventional teaching material such as
text-based teaching material and eBooks that are often considered by students as
monotonous learning media [18]. Mobile technology-based teaching material such as
Android are still few and have not varied [19], [20]. Moreover, Software Engineering
material is one of the focuses of the Informatics Engineering study program. This is
because students will get the ability to carry out software development that can be ap-
plied by students after graduating in the world of work through Software Engineering
material [21], [22] according to the embodiment of vocational education in the realm
of tertiary institutions to match the criteria of their field [23]-[25].

The explanation above inspired the writer to develop innovative Android-based
teaching material to increase students' understanding of Software Engineering material.
Therefore, this research aimed to make Android-based teaching material innovation that
could improve the understanding of Software Engineering students of Informatics En-
gineering as well as the measurement validity and effectiveness.

1.1  Research purpose

The research objective in this paper is to develop valid and effective Android-based
teaching material. The validity of Android-based teaching material is tested through
validation by both media and material experts, while its effectiveness is measured based
on the increased understanding of Informatics Engineering Software Engineering
students.
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1.2 Research question and hypotheses

The research question of this paper is: "How is the effectiveness of Android-based
teaching material?" The answers to this research question can be revealed by measuring
the difference between the understanding of students who learn Software Engineering
material using conventional teaching material and students who use Android-based
teaching material. Therefore, the research hypothesis can be formulated as follows:

— Ho: The use of Android-based teaching material is not effective for increasing
students' understanding of Software Engineering.

— Ha: The use of Android-based teaching material is effective for increasing students'
understanding of Software Engineering.

The hypothesis is measured by calculating the significance of differences in the un-
derstanding of students who use conventional teaching materials with those of students
who use Android-based teaching material. If there is a significant difference and the
students' mastery of understanding using Android-based teaching material is higher
than students' mastery of understanding using conventional teaching material, then the
Android-based teaching material is said to be effective.

2 Literature Review

2.1  Android-based teaching materials

Teaching materials will be useful in learning, especially learning in class. With the
teaching materials, learning materials from the teacher will be transmitted to students
so that the knowledge and abilities expected according to the learning outcomes will be
obtained by [26]. Nowadays, the integration of information technology into the subject
is done by teachers to be able to assist student learning, such as the integration of tech-
nology in teaching materials [27]. Recent technological advances in education have
encouraged the implementation of technology in its integration in teaching materials,
which are expected to help teacher to teach and increase the student interest [28]. An-
droid as one of the popular mobile devices used by the public [11], [12] became one of
the platforms that began to be used as a medium for student learning in class. Therefore,
Android-based teaching materials are learning materials that are embedded into the An-
droid platform, such as mobile phones and tablets. Android-based devices can act as
mediators in learning experiences and allow learning designs that provide authentic
learning experiences [29].

2.2 Previous research review

Technology integration as a teaching material platform is expected to improve stu-
dents’ learning outcomes. This is based on the results of previous studies as follows.
Research related to learning using mobile-based devices shows a positive contribution
to student achievement [30]. Group that uses Android-based mobile learning show
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better performance than group that does not use mobile learning. The developed mobile
learning can be used as an appropriate complementary course delivery method.

Research related to the development of an Android-based music learning platform
shows an increase in the achievement and quality of students in learning music [31].
Music learning can be enhanced with an Android-based learning platform. In addition,
the awareness and understanding of students in music major can be increased, as well
as providing innovation in music teaching.

The development of Android-based instructional media shows an increase in scien-
tific literacy of students [32]. Android-based instructional media can be used as an ef-
fective teaching material. This is shown by the results of the pretest-posttest in the group
of students who use Android-based media is higher than the group of students who does
not use the media.

Research related to the development of an Android-based Listening Learning Sys-
tem shows a positive effect on students [33]. The produced Android-based Listening
Learning System is very effective and in accordance with the needs of students. The
results showed an increase in students' listening skills after they use of the developed
Android-based Listening Learning System.

Another research related Android-based teaching material such as the development
of English Vocabulary Mobile Apps shows an increase in understanding and motivation
of kindergarten students in English learning [34]. Construction of quiz education mo-
bile games in this mobile application shows the curiosity of student in using that devel-
oped mobile application. Student interest in learning can be enhanced with this mobile
app.

Development of Math Trails for Enhanced by mobile learning realistic mathematics
education shows good results in primary education [35]. Mobile devices are used by
students to measure the dimensions of objects in the real world to solve mathematical
problems. The results show that student learning can be improved through mobile
teaching materials developed by applying what is learned in the classroom to authentic
situations.

3 Method

The Research and Development (R&D) model used in this study was the Analysis,
Design, Development, Implementation, and Evaluation (ADDIE) model with steps in-
cluding Analysis, Design, Development, Implementation, and Evaluation [36]-[38].
The representation of ADDIE steps can be seen in Figure 1.
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Fig. 1. ADDIE Research and Development Flow

(Source: study of reference [36]-[38] and adapted to the product being developed)

Figure 1 can be explained as follows. The Analysis phase was marked by the identi-
fication of problems that needed to be solved and overcome with solutions in the form
of teaching material products to be developed [36]. Design phase was the elaboration
of the analysis phase for the expected product development design starting from the
design of Android-based teaching material and the design of the material framework
[37]. The Development phase was characterized by facilitating the design phase by in-
tegrating technology into the process of developing teaching material product for later
validation and testing [38]. The Implementation phase was marked by the implementa-
tion of Android-based teaching material in the classroom to test its effectiveness [36].
The Evaluation phase was marked by justifying the achievement of goals from An-
droid-based teaching material developed [37].

Data collection techniques used in this article were questionnaires and tests. The
questionnaire was created to find out the feasibility of the media, the truth of learning
material in the media, and students' interest in the media that had been developed. The
instrument used in this study was closed questionnaire sheets in the form of question-
naires with 4 Likert scales, including worst or very improper, bad or improper, good or
feasible, and excellent or very decent [39]. The frame of the questionnaire used referred
to the aspects and criteria of assessment of instructional media including aspects of the
application in software, learning design, and visual communication [40], [41]. The as-
sessment criteria were obtained from the average value of these aspects: (1) if the aver-
age value is in the range of 1.00 to 1.75, teaching material are invalid and forbidden to
use; (2) if the average value is in the range of 1.76 to 2.51, the teaching material are
invalid and need major improvement; (3) if the average value is in the range of 2.52 to
3.27, the teaching material are valid and need minor improvement; and (4) if the average
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value is in the range of 3.28 to 4.00, the teaching material is very valid and is suitable
to be used as teaching material.

The test was used at the implementation stage to measure the effectiveness of devel-
oped Android-based teaching material. The effectiveness of Android-based teaching
material was measured by using a posttest-only control group in 57 Informatics Engi-
neering students in Higher Education who were divided into two groups, namely con-
trol groups with learning using conventional teaching material and experimental groups
with learning using Android-based teaching material. The data obtained were analyzed
using an independent sample t-test (significance 5%) using IBM SPSS Statistics 25. If
sig < a (5%), it is concluded that there is a significant influence between the use of
Android-based teaching material on student understanding [42].

4 Results

This section is describing results and presenting it based on ADDIE Steps. The ex-
planation is following.

Step 1: Analysis

The Analysis phase was carried out with the identification of problems and overcome
with solutions in the form of teaching material products [38]. Problem identification
carried out at the analysis stage shows that students who received Software Engineering
courses tend not to be able to apply the Software Engineering theory into real practice.
This was partly due to the lack of innovative teaching material and not easily under-
stood by students. So far, the teaching material available are only text-based teaching
material and eBooks.

The solution offered from these problems was Android-based teaching material. An-
droid-based teaching material was developed in Software Engineering courses that
were expected to measure their validity and effectiveness.

Step 2: Design

The Design phase was characterized by designing teaching materials based on the
needs that have been outlined in the Analysis phase [36]. The design of Android-based
teaching material developed had valid Software Engineering materials and had video
tutorials and quizzes to measure student understanding. The design of instructional ma-
terials was developed based on instructional analysis by determining the expected final
abilities along with indicators and competency mapping from the syllabus for later in-
tegrated into Android-based teaching material by following the indicators.

The design content framework for teaching material is shown in Figure 2.
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(Source: review from the material from the Software Engineering text book [43], [44])

Based on Figure 2, it is known that Android-based teaching material developed have
3 main menus namely (1) material, (2) video tutorials, and (3) quizzes. The material
was obtained based on instructional analysis of Software Engineering courses and ob-
tained 5 main materials including (1) Software Engineering Introduction, (2) Software
Development Life Cycle, (3) Data Flow Design, (4) Software Requirements, and (5)
Object-Oriented Design. The tutorial menu included video tutorials in Data Flow
Diagram design and Use Case Diagram. The quiz menu included questions on each
material accompanied by feedback to users.

Step 3: Development

Software Engineering materials with video tutorials were integrated into Android-
based teaching material using Adobe Flash CC with AIR for Android target output.
Android device specifications that can be used to operate Android-based teaching ma-
terial are (1) at least have an Android OS version 4.0 Ice Cream Sandwich, (2) at least
ARMV7 / x86 processor with FPU vector with minimum speed of 550MHz, OpenGL
ES 2.0, H.264 and AAC HW decoders, and (3) the recommended device resolution is
9:5 with an optimum resolution of 720 x 1280 pixels. The screenshot of Android-based
teaching material is shown in Figure 3.
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Fig. 3. Screenshot of Android-Based Teaching Material, from left to right: home menu,
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(Source: output of development results)

Figure 3 shows that Android-based teaching material has 3 main menus (material,
video tutorials, and quizzes) and 1 additional menu in the form of information on the
use of teaching material. The material menu displayed materials related to Software
Engineering dividing into 5 chapters according to the material framework in Figure 2.
In the quiz menu, students could measure their understanding of teaching material with
direct feedback displayed on the screen.

Validation was carried out to determine the validity of Android-based teaching ma-
terial product including validation by media experts and material experts. The follow
up of the validation results was in the form of revision of teaching material and subject
material if there were suggestions for improvement to Android-based teaching material.

The pilot test run was used to determine the feasibility of Android-based teaching
material with Informatics Engineering study program students as the object of the pilot
test. The pilot test design included individual pilot tests (one to one) and field pilot tests
in groups [36]. The revision of teaching material was carried out to improve teaching
material as feedback from the pilot test questionnaire. The results of the validation ques-
tionnaire from each expert and pilot test are shown in Table 1.
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Table 1. Android-Based Teaching Material Validation Results

Mean Score
No. Aspect . Material Individual Group Pilot
Media Expert Expert Pilot test test
1. Application in Software 3,54 3,56 3,20 3,35
2. Learning Design 3,22 3,37 3,08 3,68
3. Visual Communication 3,70 3,62 3,20 3,28
Average 3,53 3,49 3,16 3,43

(Source: calculation results using IBM SPSS Statistics at the 5% significance level)

The Table 1 illustrates the mean of media experts and material experts in the range
of 3.01 to 4.00 which indicated that the Android-based teaching material produced was
very feasible or excellent. These results were in line with the results of individual pilot
tests that produced a mean of 3.16 and group pilot test results that produced a mean of
3.43. From these results, it can be concluded that Android-based teaching material was
very decent and excellent. Although overall this teaching material was declared to be
very valid and does not need to be revised, improvements still need to be done to pro-
duce better teaching material. Some of the revisions that were done including general
revisions were made based on the findings obtained during the development of learning
media products. General revisions made included (1) improvement of illustration im-
ages that are still unvivid and too small, (2) video tutorial integration into YouTube
because if it is included in the application the application size will be too large, and (3)
giving explanations in several illustrations.

Step 4: Implementation

The implementation phase was marked by the implementation of Android-based
teaching material into classroom learning. Data collection was carried out by conduct-
ing student understanding tests using Android-based teaching material. The data col-
lected was used for testing the effectiveness of Android-based teaching material and
compared to groups using conventional teaching material such as textbooks and
eBooks. Fifty-seven students were involved in this stage with 29 students in the control
group (with conventional teaching material) and 28 students in the experimental group
(with Android-based teaching material). The test used was a test of student understand-
ing after using Android-based teaching material then the test results of each group were
tested using an independent sample t-test. Rumusan hipotesis yang dapat dirumuskan
adalah sebagai berikut.

— Ho: Hconventional = Mandroid

There is no significant difference between students' mastery of understanding using
conventional teaching material and students' mastery of understanding using Android-
based teaching material.

— Ha: uconventional # pandroid

There is a significant difference between students' mastery of understanding using
conventional teaching material and students' mastery of understanding using Android-
based teaching material.
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The summary of the results of the t-test using IBM SPSS Statistics 25 is shown in
Table 2.

Table 2. Summary of t-test results

Number of t-test for Equality of
No. Group S Mean | Standard Deviaton Means
amples -
t df sig
1. Control group 29 73,52 6,081
(conventional)
2. Experimental 28 83,57 4,434 -7,111 55 0,000
group (An-
droid)

(Source: calculation results using IBM SPSS Statistics at the 5% significance level)

Table 2 shows the sig value on the t-test of 0,000 (t value of -7,111). This shows that
there is a significant difference between students' mastery of understanding using con-
ventional teaching material and students' mastery of understanding using Android-
based teaching material with an average value of student understanding using Android-
based teaching material (73.52) higher than the average value understanding of students
who used conventional teaching material (83.57). Furthermore, the use of Android-
based teaching material had a significant effect on student understanding. Therefore,
HO is rejected. In other words, the use of Android-based teaching material is effective
for students’ in increasing student understanding of Software Engineering. This follows
some previous research results that the use of teaching material based on Android can
increase students' understanding [30], [32].

Step 5: Evaluation

Based on the previous stages, it is known that Android-based teaching material suc-
cessfully developed with 3 main menus, namely material, video tutorials, and quizzes.
Teaching material developed that ran on devices with a minimum operating system
Android version 4.0 Ice Cream Sandwich can be used as one of the valid and effective
learning media. The t-test results of the average understanding of students were signif-
icantly different with an average difference in student understanding who used An-
droid-based teaching material with those who used conventional teaching material as
big as 10.05. Since this research only focused on the development of teaching material
from the instructional analysis of Software Engineering courses, it was not considered
the motivation and metacognitive aspects of students according to previous research
that both aspects also have a positive effect on student understanding [45], [46]. There-
fore, the development of Android-based teaching material can give more attention to
these aspects.

5 Discussion
In this study, the ADDIE method was used to develop Android-based teaching

material in the Software Engineering course. The ADDIE method implemented in this
study is referred to theoretical and previous studies [36]-[38] which are adapted to the
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product being developed and material from the Software Engineering text book [43],
[44].

Based on the review of previous scholars, the ADDIE is an effective method in
developing learning media products [36], [37], including teaching materials. This is
reinforced by the results of this study which indicate that Android-based teaching
material that have been successfully developed are considered valid and effective as
shown in steps 3 (Development) and 4 (Implementation).

The validation stage is an important stage in developing instructional media products
[47]. Validation involving both media and material experts will direct the teaching
material product to be better and more suitable for use before being pilot tested to
prospective users [48], [49]. Individual and group pilot tests show the satisfaction of
prospective users of the teaching materials being developed, so that researchers can find
out the shortcomings that can arise if Android-based teaching material products are
actually implemented in step 4 (Implementation).

The effectiveness stage in this study proves the successness of Android-based teach-
ing material in increasing student understanding of Software Engineering material. The
effectiveness test was shown by the results of different tests between the results of stu-
dents' mastery of understanding using conventional teaching material and students'
mastery of understanding using Android-based teaching material. The result shows that
there is a significant difference between students' mastery of understanding using con-
ventional teaching material and students' mastery of understanding using Android-
based teaching material. In addition, the average value of student understanding using
Android-based teaching material is higher than the average value understanding of stu-
dents who used conventional teaching material. This shows that the use of Android-
based teaching material can encourage better understanding of Software Engineering
material so that it is more effectively used than conventional teaching materials, in line
with the results of other studies [15], [50]. Based on the review of previous scholars, it
is known that Android-based teaching materials are more practical and can be used
anywhere [51], [52]. In addition, the use of Android-based teaching material is an in-
novation in Software Engineering learning which so far only uses eBooks and text-
based media, like the results of previous studies [53], [54]. Therefore, the research ques-
tion in this study was answered by proving the hypothesis that the use of Android-based
teaching material is effective to increase student understanding of Software Engineer-
ing material.

As the results of the study in step 5 (Evaluation), research has not considered the
student motivation and metacognitive aspects which according to previous research that
both aspects also have a positive effect on student understanding [55], [56]. This is
caused by the limitation of the research with Software Engineering material which is
based on instructional analysis conducted by researchers at the research location. In
addition, the implementation of the test is limited to two classes with a limited number
of students. Therefore, further research can be carried out on: (1) a wider subject; (2)
broader material and develop advanced material in accordance with instructional
analysis such as Software Design Analysis material; and (3) paying attention to other
aspects such as student motivation and metacognitive.
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6 Conclusion

Android-based teaching material is successfully developed through the ADDIE
steps. Step 1 (Analysis) is characterized by identifying problems related to the lack of
innovative teaching materials and describing solutions in the form of Android-based
teaching material. Step 2 (Design) is characterized by designing teaching materials
through instructional analysis in the form of indicators and competencies mapping from
the syllabus of the Software Engineering course. Stage 3 (Development) is marked by
the integration of Software Engineering material and video tutorials into Android-based
teaching material that can be run on devices with an Android operating system at least
version 4.0 Ice Cream Sandwich. This stage leads to validation both of media and ma-
terial experts as well as individually and groups pilot testing of potential users. Stage 4
(Implementation) is characterized by the integration of developed Android-based teach-
ing material into classroom learning and testing its effectiveness. Based on effective-
ness testing, it is known that Android-based teaching material can be used to improve
student understanding of Software Engineering material effectively. Based on stage 5
(Evaluation) it is concluded that developed Android-based teaching material is empiri-
cally proven to be used as one of valid and effective learning media in increasing stu-
dents' understanding of Software Engineering material. The existence of quiz features
to measure student understanding with direct feedback and video tutorial features facil-
itated students in learning Software Engineering material. Besides, Android-based
teaching material can be easily installed on Android devices with a minimum version
of 4.0 Ice Cream Sandwich so that they can be used as teaching material that can be
accessed by anyone and anywhere.

The limitations of this study only focused on the results of the instructional analysis
of the Software Engineering material and the implementation of testing was limited to
two classes with a limited number of students. Therefore, further research can be carried
out on broader subjects or advanced material and pay attention to other aspects such as
students” motivation and metacognitive aspects.
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